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ABSTRACT

DESIGN OF GEODETIC NETWORK
BETWEEN PPU BUILDINGS

BY
Mohammad S. Ghanem Mohammad Abd Alaziz

Ibrahem M. Abu Eram

Palestine Polytechnic University

SUPERVISED BY
Eng. Fayde Shabaneh

This project is establish geodetic network point between Palestine Polytechnic
University building in Wadi ehariya district and major PPU building in Ein khair
Aldeen district to determine Palestine coordinate for this point to use it in each
survey applications and this project contain three parts:

Thefirst part is practical.
The second part is theoretical.

Third part is programming.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

There are many different types of surveys. Generally speaking, surveys will
either take into account the true shape of the earth (Geodetic surveys) or treat the
earth as a flat surface (Plane surveys). Additionally, surveys are conducted for the
purpose of positioning features on the ground (Horizontal surveys), determining the

elevation or heights of features (Vertical surveys) or a combination of both.

In our project, we will concentrate on geodetic surveys, especially geodetic
control network.

Geodesy is a science that determines the size and shape of the earth.
1.2 The Objective of Project
Themain aim of our project is to establish many full control points, join together
between Polytechnic Building to useit in some application of survey such as
geodesy , cartography, boundary demarcation and engineering proj ects.
1.3 Study Area
The study areaisinside Hebron city, especialy between polytechnic university

buildings (Wadi Alharriyaand Ein Kheir alddin buildings), to join these buildings by

control points.
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1.4 Literature Review

The first serious mapping of Palestine on modern lines was undertaken in 1798
by Napoleon, as an extension of his survey of Egypt. A Topographic Section was
formed which consisted of four officers, an astronomer, and four “intelligent
soldiers.” Bases were measured at Alexandria and Cairo by the “Service
Topographique de I’Armee d’Egypte,” and topographic maps were compiled using a
10 km grid with an origin at the great pyramids of Giza.

The coastline depicted on these early French topographic maps was actually
based on British Admiralty Charts. Survey work on the ground was completed late in
1801, and, by the end of 1803, compilation in Paris had reached a stage where the
maps could be engraved on copper plates. The sheets were printed in 1808, but
Napoleon ordered that they should remain under seal as state secrets. The maps were
not finally published until 1817. In 1865, Captain C. W. Wilson, RE (later Major
General Sir Charles Wilson), surveyed the City of Jerusalem at a scale of 1:2,500.
The success of Wilson’s survey led directly to the establishment of an association
called the Palestine Exploration Fund (PEF). November of 1871 was the beginning
of the PEF surveying and mapping activities,

The first map, that of Gaza, was produced on 25 January 1917, and was
probably the first town-map ever made using aeria photographs, Other maps
produced during 1918, such as those of Nablus and El-Krak, were maps that
demonstrated a new solution to the problem of the use of aeria photographs for the
purpose of mapping towns situated in hilly areas. Town-maps for the Palestine Front
were an immediate necessity, not an academic exercise, and the war served as an
immediate catalyst. The new Survey of Palestine department was established by the
Occupied Enemy Territory Administration after the war, and therefore inherited

some good topographic maps. They were then able to concentrate on improving the
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triangulation network and connecting it with the French triangulation in Syria, as
well as carrying out cadastral surveys for land settlement.

John W. Hagar, offered that the Palestine Datum Number 2 where: @ = 31° 18'
06.27" North, A = 34° 31' 42.02" East of Greenwich, the ellipsoid of reference is the
Clarke 1880 where a = 6,378,300.789 meters, 1/f = 293.466004983713280, and
elevation = 98.9 m. The Cassini-Soldner Civil Grid of 1933 (origin adopted is the
principal point 82°’M (Jerusalem)) having the geographic coordinates ®o = 31° 44'
02.749" N, A0 = 35° 12' 39.29" East of Greenwich + 04.200” E = 35° 12' 43.490".
The addition of 04.200” to the longitude is in accordance with the decision in 1928 to
adopt the French value for the longitude at the points of junction 73’M and 98’M in
the north, and to correct al Palestine longitudes accordingly. Palestine longitudes
were originaly based on those of Egypt a the Transit of Venus station, and a
correction of 3.45” was indicated to the Egyptian longitudes. Imara Base (1'M or
5’DM) is the original false origin of the Grid coordinates (i.e.,, FN = FE = 100 km)
for the Cassini-Soldner Civil Grid. Final implemented Cassini-Soldner False Easting
isthen 170,251.555 m, False Northing = 126,867.909 m.

A military version of this system based on the Gauss-Kriger Transverse
Mercator is identical to the Civil Cassini-Soldner Grid, except for the False Easting
at False Origin where 1,000,000 meters is added, and for coordinates used for the
southern Sinai while it was still occupied by the Israglis, an additiona 1,000,000
meters was added south of the South False Origin!

1.5Work Methodology

In the first part of this project we choose a number of routes that we can use

them, and then we study all these routes and analyze it one by one, and we visited

these routes and check each one.
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Then we choose the places that we can locate our points on them, we choose a
number of schools , mosques and public buildings high in the route that have been

chosen, and we make sure that every point should be visible from many other points.

Then we start the observations using total station, by reading the horizontal
and vertical angles, five face left and five face right, we measured the slope and
horizontal distances, and we use the navigation global position system (GPS),( it
receiver'snameis Magellan and its precise (o) in horizontal = + 3meter, in vertical =

+ 6meter ) to make check for our calculations.

After getting the observations we find the mean values and standard deviations
for each reading, then we correct the angels in each quadrilatera using the equal shift
method, after these treatments we get correct readings that don't contain any blunders

or errors, strength of figure was determined to have the most suitable route.

Then we can determine the coordinate for each point which now can be

considered as a control point.
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CHAPTER TWO

SHAPE OF THE EARTH

2.1 Introduction

In the past, the nations described the shape of the earth according their belief, so
this beliefs was different about together, for example the Greek's belief for the shape
of earth was different about Roman's and bible's belief, this different because not
finding means to describe the actual shape of earth, but in this days, the scientist can
invent and developed some means for describing the actual shape of earth such as

satellites, and journey to moon.

The earth's topographic features range from about 9 km above this surface
(Mount Everest) and to about 12 km below this surface (Mariana Trench). The
thickness of the line drawn to show the circumference, including our ‘topographic'
features would change less than 0.2 mm. That's less than a pencil line thickness. The
shape of our planet is so complex that in order to study it properly, we need a nice

simple, easy to use, ‘mathematical model’ to represent its shape.

That's where the ellipse comes in. An éllipse is amost like a circle, but not
quite. It's like an oval or a 'flattened' circle. Take a look back at the picture of our
measurements between the poles. Looks like a flattened circle doesn't it? It's an
ellipse. An dlipse is the easiest way we have to describe the overall shape of the
earth.
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2.2 Position

Surveying is concerned essentially with fixing the position of a point in two or

three dimensions.

For example, in the production of a plan or map, one is concerned in the first
instance with the accurate location of the relative position of survey points forming a
framework, from which the position of topographic detail isfixed. Such a framework

of pointsis referred to as a control network.

The same network used to locate topographic detail may also be used to set out
points, defining the position, size and shape of the designed elements of the
construction project.

Precise control networks are also used in the monitoring of deformation

movements on all types of structures.

In all these situations the engineer is concerned with relative position, to
varying degress of accuracy and over areas of varying extent. In order to define
position to the high accuracies required in engineering surveying, a suitable

homogeneous coordinate system and reference datum must be adopted.

Consideration of Figure 2.1 illustrates that if the area under consideration is of
limited extent, the orthogonal projection of AB onto a plane surface may result in
negligible distortion. Plane surveying techniques could be used to capture field data
and plane trigonometry used to compute position. This is the case in the majority of
engineering surveys. However, if the area extended from C to D, the effect of the
Earth’s curvature is such as to produce unacceptable distortion if treated as a flat
surface. It can aso be clearly seen that the use of a plane surface as a reference
datum for the elevations of pointsis totally unacceptable.
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If Figure 2.2 is now considered, it can be seen that projecting CD onto a
surface (cd) that was the same shape and parallel to CD would be more acceptable.
Further, if that surface was brought closer to CD, say c’d’, the distortion would be
even less. This then is the problem of the geodetic surveyor: that of defining a
mathematical surface that approximates to the shape of the area under consideration
and then fitting and orientating it to the Earth’s surface. Such a surface is referred to

in surveying as a ‘reference ellipsoid’.

Flana
B d surface
. &
|
|
|
D
Earth's
surface

Fig 2.1 Distortion in projection®

Fig 2.2 Reference ellipsoid?

! Ref. no. 1, page 209
2 Ref. no.1, page 209
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2.3 Reference Ellipsoid

To arrive at the concept of areference ellipsoid, the various surfaces involved

must be reviewed.

23.1 Earth’s Surface

The Earth’s physical surface is a reality upon which the surveying observations
are made and points located. However, due to its variable topographic surface and
overall shape, it cannot be defined mathematically and so position cannot be
computed on its surface. It is for this reason that in surveys of limited extent, the

Earth istreated as flat and plane trigonometry used to define position.

2.3.2 The Geoid

What is the geoid?

Sounds like something to do with the earth - but what is it? Well for starters,
you can't see it, you can't touch it, most people have never heard of it, and most will
never know anything about it. And yet everyone benefits from it.

The geoid is still an unfamiliar idea to most people even though geodesy, the science
that studies the size, shape and gravity field of the Earth, is the oldest of what we call
the "geosciences’, or sciences which study the Earth.

The geoid is, for all intents and purposes, the same as mean sea level. We study
it, by making use of the latest satellite technology, in order to help us measure the
Earth we live on. Whether we simply want to know how high we are above sea level
when using a handheld GPS receiver or want to build a road faster and cheaper,
using the geoid will help, the Figure 2.3 show the actual shape of Geoid which is
equal to the mean sealevel.
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Fig 2.3 The Geoid (Solid Line)*

2.3.3 TheEllipsoid

The élipsoid of rotation is the closest mathematically definable shape to the
figure of the Earth. It is represented by an ellipse rotated about its minor axis and is
defined by its semi-mgjor axis a (Figure 2.4) or the flattening f. Although the
ellipsoid is a concept and not a physical reality, it represents a smooth surface for
which formulae can be developed to compute ellipsoidal distance, azimuth and
ellipsoidal coordinates. Due to the variable shape of the geoid, it is not possible to
have a global elipsoid of reference for use by all countries. The best-fitting in
Palestine geocentric elipsoid is (Clarke-1880-Benoit), which has the following

dimensions;

Semi-major axis 6 378 300.79m
Semi-minor axis 6 356 566.43 m

! Ref. no. 1, page 210.
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P
a = One-half of the major axis = semi-major axis
b = One-half of the minor axis = semi-minor axis
a—-b

f = Flattening = =
PP’ = Axis of revolution of the Earth's ellipsoid

Fig. 2.4 Elements of an ellipse’

A small sample of elipsoids used by different countriesis shown

Ref. no. 1, page 211.
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Table 2.1 Sample of Ellipsoidal used in different country*

Ellipsoid ameters Ut Where used
Airy (1830) 6 377 563 299.3 Great Britain
Everest (1830) 6377 276 300.8 India, Pakistan
Bessel (1841) 6 377 397 299.2 East Indies, Japan
Clarke (1866) 6 378 206 295.0 North and Central America
Australian National (1965) | 6378 160 298.2 Austraia
South American (1969) 6 378 160 298.2 South America
Clark (1880) 6 378 300 2934 Palestine

When f = 0, the figure described is a circle, and the flattening of this circle is
described by f = (a— b)/a. A further parameter used in the definition of an elipsoid

is e, referred to as the first eccentricity of the elipse, and is equal to (a>— b*)*/a.

Figure 2.5 illustrates the relationship of all three surfaces. It can be seen that if
the geoid and ellipsoid were parallel at A, then the deviation of the vertical would be
zero in the plane shown. If the value for geoid—ellipsoid separation (N) was zero,
then not only would the surfaces be parallel, they would fit each other exactly. Asthe
ellipsoid is a smooth surface and the geoid is not, perfect fit can never be achieved.
However, the values for deviation of the vertical and geoid—ellipsoid separation can

be used as indicators of the closeness of fit.

! Ref. no. 1, page 211.
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| Earth
Geald .'._- o
dulmtin 1| auntain
ullJuI-dﬂ [aly] Pl e e : Geoid
. -1 _.__.. — |
Eflipsald_— ir'hl

= 2 undidation
Mass surplus

i Ocesn

Mass deliciency

W \ Narmal to geoid
Ormal 10—, ithe vertical)
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24  COORDINATE SYSTEMS

2.4.1 Astronomical Coordinates

As shown in Figure 2.6, astronomical latitude ®» defines the latitude of the
vertical (gravity vector) through the point in question (P) to the plane of the equator,
whilst the astronomical longitude A is the angle in the plane of the equator between

the zero meridian plane (Greenwich) and the meridian plane through P, both of
which contain the spin axis.

! Ref. no.1, page 212.
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2.4.2 Geodetic Coordinates

Considering apoint P at height h, measured along the normal through P, above
the élipsoid, the ellipsoidal latitude and longitude will be ®g and Ac, as shown in
Figure 2.7. Thus the ellipsoidal latitude is the angle describing the inclination of the
normal to the ellipsoidal equatorial plane. The ellipsoidal longitude isthe angle in the
equatoria plane between the ((International Earth Rotation Service) IERS Reference
Meridian) IRM and the geodetic meridian plane through the point in question P. The
height h of P above the ellipsoid is called the ellipsoidal height.

! Ref. no.1, page 213.
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2.4.3 Cartesian Coordinates

As shown in Figure 2.8, if the IERS spin axis is regarded as the Z-axis, the X-
axisisin the direction of the zero meridian (IRM) and the Y -axis is perpendicular to
both, a conventional three-dimensional coordinate system is formed. If we regard the
origin of the Cartesian system and the €elipsoidal coordinate system as coincident at

the mass centre of the Earth.

! Ref. no.1, page 214.
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2.4.4 Plane Rectangular Coordinates

For limited areas curvature of the earth may be processed by the mathematical
projection of ellipsoidal position onto a plane surface. e.g. coordinates in the U.K
are termed easting (E) and northing (N) and are obtained from:

E-= fE(fG’I G)

(ellipsoid parameters)
N = fN(f G’I G)

(ellipsoid parameters)

The result is the definition of position by plane coordinates (E, N) which can be
utilized using plane trigonometry. These positions will contain same distortion.

! Ref. no.1, page 215.



GEODETIC NETWORK CH.2: Shape of the earth

Figure (2.9) illustrates the concept involved and shows the plane tangentia to the
ellipsoid at local origin O .
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Fig 2.9 Plan Rectangular Coordinates"

2.5 Heights
The heights on earth’s surface include two types:
1) - Orthometric Height.
2) - Ellipsoidal Height.

2.5.1 Orthometric Height (H)

Orthometric height is the height of a point on the physical surface of the earth
above or below the geoid, measured along a line that passes through both the point

! Ref. no.1, page 216
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on the earth and the point on the geoid and is normal to the surface of the WGS-84
ellipsoid. Thisisthe height usually found on geographic maps for ground elevation.

Momal | &, Verhical (gravity vector)

£ - f
Geold (MSL)

Ellipsoid = -

Fig 2.10 Height in geoid and ellipsoid®

2.5.2 Ellipsoidal Height (h)

After using satellite positioning in X Y Z system which for use in Local systems
arefirst transformed to ®g, Ac and h.

The vaue of histhe ellipsoidal height if his not related to gravity it is useless (in
practical).

h=N + H cosé

¢ isawayslessthan 607, and it can be ignored.

h=N + H with an error less than 0.4 mm.

Theterm N isreferred as the "geoid-€llipsoid separation” or "geoid height".

! Ref. no.1, page 217
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2.6 Local System

In local system we have reference ellipsoids which most closdly fit the geoid of
that area and are defined by the following 8 parameters.

1- The size and shape of the ellipsoid defined by the semi-major axis a and one other
chosen from the semi-minor axis b or the flattening f or the eccentricity e ( 2
parameters).

2- The minor axis of the ellipsoid is orientated parallel to the mean spin axes of the earth
as defined by IERS (2 parameters)

3- The center of the ellipsoid isimplicitly. Defined with respect to the mass center of the
earth by choice of geodetic latitude, longitude and ellipsoidal height at the origin of
the system (3 parameters).

4- The zero meridian or X-axis of the system is chosen to be paradlel to the mean
(Greewhich) meridian as defined by IERS (1 parameters)

It follows that all properly defined geodetic systems will have their axes parallel
and can be related to each other by simple trandationsin X, Y and Z.

2.7 Reduction to mean sea level

Triangulation networks extending over large areas must be reduced to a
common mean sea-level datum. In Fig. 2.11 distance d is measured from F’ to 0" at
elevation h above mean sea level. If R is the radius of curvature for the earth’s
surface at that section, then by proportion

b: R or b=d R
d R+h R+h

R = mean radius of the earth in the region.

In which b is the mean sea-level distance. For most mean sea-level reductions,
an average radius of the earth 6 378 137.0 m.
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Fig 2.11 Reduction to mean sealevel®

2.8 GRID DISTANCE

The coordinates of control pointsin geodesy network be calculated reliance grid

bearing and grid distance which be calculated using following law:

G=SxF
Where: G=grid distance.
S=Ellipsoidal Distance at MSL (mean sealevel).
F=Scale Factor is Used in Palestine =1.000067.

! Ref. no.3, page 409.
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CHAPTER THREE

ERRORS

3.1 Introduction

All surveying operations are subject to three sources of error. The first source is,
Natural errors. caused by variation in or adverse weather conditions, refraction,
gravity effects, etc. the second source Instrumental errors. caused by imperfect
construction and adjustment of the surveying instruments used, Personal errors:
caused by the inability of the individua to make exact observations due to the

limitations of human sight, touch and hearing.

In fact, no surveying measurement is exact, and the true value of the parameters
being measured is never known. Therefore, a surveyor must thoroughly understand
the sources of errorsin the various methods of surveying, as well as, the methodology
for evaluating the achievable accuracy of surveying methods.

3.2 Measurement Errors

The true error in a measurement is the difference between the measured value of a
parameter and its true value.

Let e = trueerror.

X, = measured value.
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X, = true value.

=€ =X —X, (3.1)
But since the true value (x,) is never known, e can never be exactly determined.
Therefore, the error in a measurement must be estimated by comparing it with another

more accurately determined value of the same parameter. Let (X) represent such as a

value. Then, an estimate (v, ) of thetrue error ( € ) is:

V. =x —X (32)

3.3 Classification of Errors

Error in surveying measurements can be classified into following three groups:
(1) Blundersor mistakes.
(2) Systematic errors.

(3) Random errors.

3.3.1 Blundersor Mistakes

These are simply mistakes caused by human carel essness, fatigue and haste.
A blunder can be of any sign (- or +) and any magnitude and its occurrence is
unpredictable. Some examples of blunders are: transposition of digitsin recording an
observation (such as recording 3.18 instead of 3.81) and sighting a wrong target when

measuring an angle.

Blunders must be eliminated by careful work and by using field procedures that

provides checks for blunders.
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3.3.2 Systematic Errors

These are mostly caused by the maladjustment of the surveying instruments and
by the uncontrollable nature of the environment. Both the signs and magnitudes of
systematic errors behave according to some specific pattern or physical law of nature,
which may or may not be known. When the law of occurrence is known, systematic

errors can be eliminated.

A specia type of systematic error is an error that always occurs with the same sign
and magnitude and it's therefore often referred to as constant error. The most common
source of constant error is the measuring instruments. For example a 30-m tape may
in fact be missing the first 0.10 m (i.e.,, 10 cm) due to the deterioration of the tape
after the repeated use. Then, if not noticed, every time the tape is used would contain
a constant error of +0.10 m. Constant errors of this type can be detected by careful

attention and calibration of the instruments.

3.3.3Random Errors

These are caused by imperfections of the measuring instruments, imperfections
of the human operator to make an exact measurement, and uncontrollable variations
in the natural environment. These errors can be minimized by using better
instruments and properly designed field procedure and by making repeated

measurements.
3.3.3.1 Characteristics of Random Errors
Random errors have the following characteristics:

Q) Positive and negative errors of the same magnitude occur with the same

frequency.
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(2 Small errors occur more frequently than large ones.
3 Very large errors seldom occur.
4) The mean of an infinite number of observations is the true value.

For example, suppose that a distance is measured using the same instruments and
the same degree of care, a large number of times, say 1000 times, the mean or
average of the 1000 repeated measurements is computed, and the estimated error in
each individual length measurement computed by subtracting the mean value from
the measured value (equation 3.2). The estimated error computed in this manner is
called the deviation from the mean.

Plotting the magnitude of the estimated errors against the frequency of
occurrence may result in a histogram similar to that shown in Figure 3.1.

Frequency

'

U +
0 + Deviations from the mean

Figure3.1: A histogram which shows the distribution of random errors.

For an infinite number of repetitions of the measurements, this histogram
approximates to a continuous normal curve with the following probability density
function (p.d.f):
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1S
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This curveis shown in Figure 3.2.
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Figure 3.2: Normal curve of error.

Where v = random error.
o = standard error or deviation of the measurements.

The normal curveis symmetrical about v = 0. The probability that the random

Error in a measurement takes on a value between a and b, is equal to the area under

the curve and bounded by the values of aand b as shown in Figure 3.3.
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Figure 3.3: Probability of random errors.

In mathematical terms, if P(a< v < b) represents that probability, then

Plasv< b)=f 1 .e*%[sxj -dv (3.4)

sv2p.

The curve is normalized so that the area under5 the entire curveis equal to 1.
Since this integral is so complicated, probability values can be taken from already
prepared tables which can be found in any statistics book.

Table3.1 Multipliersfor various percent probable errors.

Symbol Error Range Probability (%)
Eso 0.6745c 50
Eso 1.6449 90
Eos 1.960 & 9
Eos 25766 9
Eg9.7 2065c 99.7
E99.9 3290 99.9
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3.4 Mean, Standard Deviation and Standard Error OF The Mean

Let X,,X,,X,;,..., X, ben repeated measurements of the same quantity, and let it be

assumed that all n measurements were made with the same instrument and same
degree of care. Then:

(1) The mean denoted by X , of then n measurements is computed as follows:

(3.5)

(2) An estimate of the standard error s, of one measurement of the quantity is:

(3.6)

3.7)

(4) An estimate of the standard error of the mean of the n measurements, to be

denoted bys' ., can be computed as follows:
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(3.8)

§_ =X (3.9)

S . iscaled the RMS error of the mean.

Where:

S, = standard deviation which is defined the square root of the sample variance.
S = standard error which is defined the square root of the population variance.

X = most probable value, that value for a measured quantity which, based upon the
observations, has the highest probability. It is derived from a sample set of data rather
than the population, and is simply the mean if the repeated measurements have the
same precision.

m=true value which is a quantity's theoretically correct or exact value, it can never
be determined.

(n-1)= degrees of freedom which is defined the number of observations that are in

excess of the number necessary to solve for unknowns.

3.5 Probable Error and Maximum Error

The probable error of a measurement is defined to be equal to 0.6745c. Thereisa
50 % probability that the actual error exceeds the probable error, as well as, a 50%
probability that it is less than the probable error.

The maximum error in a measurement is most commonly defined as being equal
to 3o, and only a 0.3% probability that the actual error exceeds 3c.
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Example: if the standard error of an angle measurement is + 1.5 seconds, then,
The probable error = + (0.6745 x1.5) = +1.0 seconds

The maximum error = + (3 x1.5) = + 4.5 seconds

The maximum error is often used as the criterion for separating mistakes or
blunders from random errors. For example, after the mean and standard deviation of n
repeated measurements have mean computed, the deviation (v;) of each
measurements from the mean can be computed (v, = x, —X). If any measurement
deviates from the mean by more than 3o, the measurement is considered to contain a

blunder. It is regjected, and a new mean and standard deviation are computed without

this particular measurement.

3.6 Precision and Accuracy

Precision: A measurement is said to have high precision if it has a small standard
deviation. For example, assume that team A measured a distance with s , = +0.05,
and team B measured the same distance with this s ; =+ 0.10. The measurement of

team A is said to be more precise than the of team B. Figure 3.4 shows that a large
standard deviation means aflatter distribution curve for the random errors.



GEODETIC NETWORK

CH.3: Errors

//j’f

1
I
a8

-
(=]

s

‘.
i
1
!
|

I
1
1
[
[
I
i

N05 N

A,

| ——  MHoomal onve of soror
i e 05 —F 008
1
|
|
} Y Hu wal curve of emor
i e i
1 fon op =010
I
1
H | \
1 i e
T
-H-\-\' —
e
no1 o.io
A 2R

Pandom measurefient error (v)

Figure 3.4: Standard error and the distribution of random errors.

Accuracy: A measurement is said to have high accuracy if it is close to the true

value. High precision does not necessarily mean high accuracy. A measurement that

ishighly preciseis aso highly accurate if it contains little or no systematic errors with

al blunders removed.

To obtain high precision and accuracy in surveying, the following strategies must

be followed:
(1) Eliminate all blunders

(2) Eliminate or correct al systematic errors by frequent calibration and adjustment of

the instruments.

(3) Minimize the random errors by using good instruments and field procedures.
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CHAPTER FOUR

GEODETIC NETWORKS

4.1 Introduction

Geodetic Control Networks provide us with atool to relate features to one
another using a common reference system. The positions and elevations of the points
that make up a control network have been accurately determined and are marked by
markers (often called 'monuments) placed permanently in the ground.

The monuments of these control networks are spaced at various intervals
depending on how and why they were established. As aresult of the methods used to
determine the positions and elevations of monuments in older control networks, they

may or may not be in convenient places for future use.

4.2 Types of Geodetic Control Networ k

There are different types or levels of control networks depending on where
and why they are established. A control network may have very accurate positions
but no elevations (called a Horizontal Control Network) or very accurate elevations
but no positions (called a Vertical Control Network). Some points in a control
networks have both accurate positions and elevations (called a Full Control
Network).
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4.3 Methods of Establishing Geodetic Control Network

1- Triangulation.
2- Trilateration.
3-Triangul ataration.

4.3.1 Triangulation

A triangulation system consists of a series of joined or overlapping triangles in
which an occasional line is measured and the balance of the sides are calculated from
angles measured at the vertices of the triangles. The lines of a triangulation system
from a network that ties together all the triangulation stations at the vertices of the
triangles. Figure 4.1 shows the triangulation network and Figure 4.2 shows the

shapes of thetriangle.

4.3.1.1 Triangulation procedure

The work of triangulation consists of the following steps:

1. Reconnaissance, to select the location of stations.

2. Evauation of the strength of figure for the proposed network.

3. Erection of signals and, in some cases, tripods or towers for elevating the signals
and /or instruments.

4. Observations of directions or angles.

5. Measurement of the base lines.

6. Observation at one or more stations in order to determine the true meridian to

which azimuths are referred.

\]

. Computations including: reduction to sea level, reduction to center (which
necessary), calculation of spherical excess (when necessary), calculation of all
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lengths of triangle sides and coordinates for all triangulation stations, and
adjustment of the triangulation network to provide the best estimates of

coordinates for al points.

4.3.2 Trilateration

A trilateration system also consists of a series of joined or overlapping triangles.
However, for trilateration al of the lengths of the triangle's sides are measured and
the few directions or angles observed are only those required to establish azimuth.
Trilateration has become feasible with development of EDM equipment which
makes practical the measurement of all lengths with a high order of accuracy under
amost all field conditions.
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! Ref. no. 1 page 272.
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Fig. 4.2 Shape of the triangle *
a Chain of smpletriangles. b- braced quadrilaterals. c- Polygons with central point.

4.3.3Triangulateration

A combined triangulation and trilateration system consists of a network of
triangles in which al the angles and all distances are observed. Such as a combined
system represents the strongest network for creating horizontal control that can be

! Ref. no. 1 Page 273
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established by conventional terrestrial methods.
The improvement in the redundancy checks for a braced quadrilateral is shown
inthetable 4.1.

Table 4.1 Comparing between types of network®

Triangulation Trilateration  Triangul ateration

Quadrilateral
No. of directions 12 0 12
No. of sides
No. of checks 4 1 9

Because triangulateration is more accurate than the previously mentioned
systems, and include triangulation and trilateration methods we will use it, especialy

quadrilaterals shapes in our project.

4.4 The Orders of Geodetic Networks

The geodetic networks are classified to four order, first, second, third and
fourth order. Every one of these orders has some specifications make it different to
other orders.

First-Order: isasingle chain; average length 20 km; all angles and sides measured.
Second, Third and Fourth-Order: are asingle chain; average lengths 15 km, 10 km
and 5 km respectively; all angles measured; 1 side measured every fourth triangle.

The following table shows the specifications of orders of geodetic network.

! Ref. no.1, page 289
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Table 4.2 Specifications of orders’.

ALLOWABLLE ERROR
ALLOWABLLE ALLOWABLE
INLENGTH
AVERAGE ERROR IN
NO. OF ORDER LENGTH OF SIDE | triangulation | trilateration ANGLES
First-order 20 km 4 ppm 3 ppm 0.7"
Second-order 15km 10 ppm 5 ppm 2"
Third-order 10 km 20 ppm 10 ppm 4"
Fourth-order 5 km 40 ppm 20 ppm 8"

4.5 Angle and side conditionsin triangulation:

The computations for triangulation involve calculation of the lengths of sidesin
successive triangles, polygons, or quadrilaterals using the initial measured base line
and the observed directions or angles. To ensure homogeneous results from these
computations, the network must have adequate geometric strength. One important
factor that affects geometric strength of a network is the magnitude of the angles
observed. Another factor that influences the geometric strength of a configuration is

the number of angle and side conditionsin the network.

4.5.1 Angle conditions:

The angle-condition equations in afigure express the following:

(1) The sum of theinterior anglesin a polygon must equal some multiple of 180=.

(2) If one or more directly observed angle al a a station can be expressed as a
function of other angles Bj also observed at that station, there is a station

equation.

! Ref. no. 5
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(3) If al angles about a point are observed (i.e., the horizontal is closed), then a
center-point equation which states that the sum of these angles is equal to 360~

isrequired. First consider the number of angle conditionsin a polygon.

Start with one line a as illustrated in (fig. 4.3d), where there are no angles. Add

oneline b to yield one angle a1(fig.4.3b), so that there are two lines and one angle.

Next, add athird line c (fig.4.3c) to yield a2, so that there are three lines and
two angles. This process continues until line n is added, yielding angle (n-1), so that
in general, n lines result in (n-1) angles to produce a determinant figure. Any angles
measured in excess of those required for the determinant case are redundant and need
a condition equation. For example, in a plane triangle, if three angles are measured,
there is one redundancy, for which the angle condition is

olto2+a3 =180~
It is necessary to be able to evaluate the number of angle conditionsin agiven figure.
Let

C,.= total number of angle conditions (including center-point equations) in a polygon

L = number of linesin the polygon

A = number of angles measured in the polygon

C.=A-(L-1) =A-L+1 (4.2)
. b = &
N e eyt
\\ g N
"\.I\F' H{\J \\\i__ =N -.___f "
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Fig 4.3 Angle conditionsin a polygon®

! Ref. no.3, page 393.
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Fig 4.4 Center-point triangle*

In which ¢ is the total number of angle conditions, including a center-point

equation and a station equation. The angle-condition equation equations that can be

written for the figure are

ol+o2+a3 =180~ @
od+o5+a6 =180~ (b)
a7+a8+a9 =180~ (c)
al+a3+od+ab6+a7+09 = 180~ (d)
o2+as5+o8 =360~ (e
o6+a7-al0 =0 ()]

In which Egs. (&), (b), (c), (), and (f); (b), (c), (d), (€), and (f); or (a), (b), (d), (e),
and (f) are permissible sets of independent angle-condition equations for the

example.

! Ref. no.3, page 394.
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4.5.2 Side conditions

The angle conditions in a figure can be satisfied without having consistent
lengths in the sides. Equation (4-2) gives the number of angle conditions necessary
for adjusting a triangulation figure. The total number conditions will aways be larger

than C, except for a simple triangle in which cases ¢, will be the total number of

conditions. Now, let n be the total number of measured angle and be the minimum
number of angle necessary to construct the designated figure. Then the total number
of conditionsis

C=n-no 4.3

Figure 4.5 shoes a braced quadrilateral with n = 8 observed internal angles. It
can be seen that a minimum of no = 4 measured angles are necessary for fixing the
shape of the figure. Consequently, the total number of a condition equations
accordingtoeq. (4.3)isC=8-4=4.

If these four conditions are all angle conditions, it will not be possible to
guarantee having a consist quadrilateral. For instance, let line CB be rotated a small
amount do about station B. angle as will then become as - da. However, since o
become o + da., the angle conditions involving az and as will still check in spite of
the fact that CB now has a different length. To avoid inconsistencies of this type, a

side condition is required.
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Side conditions are needed when lengths of a side in a triangle can be computed
by more than one route using the law of sines. For example, in fig 4.6aone triangleis
formed by three points and three sides. Since there is only one route, no side
condition is required. In fig. 4.6b, two lines are added, the intersection of which
creates point D. there still only one route for calculating lengths, so no side condition
is necessary. Next, add a line passing through point A and D as shown in fig.4.6c.
Now there are two routes by which side DA can be calculated using (1) triangles
ABC and ACD or (2) triangles BDC and ACD. Thus, line AD is an extra or
redundant line. For every one of these extra lines in a triangulation network, a side
condition isrequired. Let

Cs = number of side conditions

! Ref. no.3, page 394.
% Ref. no.3, page 395.
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n'= number of sidesin figure

s = number of stationsin the figure

Note that three lines are needed to fix the location of the first point C and two lines
are required for each additiona point such as D. therefore, the number of extra lines

or number of side conditionsis

C=n-3-2(s-3)=n"-2s+3 (4.4)

For the quadrilateral in fig.4.5, the number of angle conditions according to eq.
(4.2) isCa=8-6+ 1 =3, and the number of side conditions according to eq. 4.4 is
Cs=6-2(4) + 3= 1. Thus, the total number of conditionsis 4, which is the same as
obtained fromeq. (4.3),or C=8-4=4.

4.6 Strength of Figurein Triangulation:

When atriangulation project is being evaluated in the preliminary stages of the
work, it is necessary to determine the strength of figure for the network. This step is
required in order to ensure uniform accuracy throughout the network. The strength of
figureisafunction of:

1. The geometric strength of the triangles that make up the network. The triangles
should be equilateral.

2. The number of stations occupied for angle or direction measurements. Lines
occupied at only one end should be avoided whenever possible.

3. The number of angle and side conditions used in adjusting the network. This

number should be large in proportion to the number of observations.

Caculating or finding strength of figure using following equation.
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R-2E5(dh+dudy+d) @9

Where R = strength of figure
D = total number of directionsin the network
C = total number of angle and side conditions

d , = Differencein sixth decimal place of thelog sine of the angle (Iabeled A)

Opposite the side to be calculated in the triangle.
d, = Difference in sixth decimal place of the log sine of the angle (labeled B)

Opposite the known side in the triangle.

The number of directions D refers to the directions observed with a theodolite.
Thus, a line occupied at both ends would have two directions. The starting line in a
network is assumed to be known direction, so that the directions observed along this
line are not included in figuring the value of D.

The total number of conditions C is
C=C,+Ci=(A-L+)+(n"-2s+3 (4.9

Where C,andC_are defined in egs. (4.2) and (4.4).

Angles A and Bi are designated distance angles in triangle i. these angles may be
scaled from a preliminary sketch of the triangulation on an existing map or maybe
unadjusted field measurements. Values to the nearest degree are adequate. In fig 4.7
angles A1 , B1 are the distances angles in triangle RST; angles A2 , B2 are distance
angles in triangle TSU; etc. note that these angles A1 opposite the side to be
computed and Bi1i opposite the known side, correspond to angles Aand Bto

propagate the variance in the calculated side, using the law of sines.
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In eq. (4.8), the two factors (D-C)/D and (d %, +d . d , +d ;) @€ related only to the

number of conditions and observations and the geometry of the triangles. Thus, the

value for R isindependent of the precision of the measurements.

Fig 4.7 Strength of figure, single chain of triangles®

4.7 Figural Adjustment by Equal Shifts

Whilst least squares methods permit the adjustment of the network as a whole,
the simpler ‘equal shifts’ approach treats each figure in the network separately. The
final values for the angles must, however, satisfy the conditions of adjustment of
each figure.

(1) Simple triangle. The condition of adjustment of a plane triangle is that the sum
of the angles should equal 180°. It is due to this minimum number of conditions that
other figures, such as braced quadrilaterals, are favoured rather than triangles.

For large triangles on an ellipsoid of reference, with sides greater than 10 km. the
angles should sum to 180° + E. E is the spherical excess of the triangle and may be

computed from

! Ref. no.3, page 399.
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_ Area_Trianglex 206265
R

EIV

(4.11)

where R =local radius of the Earth

After adjusting the angles to equal (180° + E), Legendre’s theorem stipulates that if
one-third of the spherical excess is deducted from each angle, the triangle may be
treated as a plane triangle for the computation of its side lengths. Error analysis
shows that the computation of the area of the triangle is not critical and may even be
scaled from amap. An exampleisillustrated in Table 4.2

Table 4-3 Spherical correction*

Angle Observed Correction Ellipsoidal E"/3 Plane
Vaue Angles Angle

A 52 12 4815 +1.11 92 12 4926 |-229| 52 12 46.97
B 76 09 10.27 +1.11 76 09 11.38 |-229| 76 09 09.09
C 51 38 05.12 +1.11 51 38 06.23 |-229| 51 38 03.94

Sum 180 00 13.54 +3.33 180 00 6.87 |-6.87|180 00 00.00

(8) The spherical excess was computed as E” = 6.87"; therefore the observed angles
are balanced by + 1.1 1" per angle so that the sum equals 180° + E"= 180°
00°06.87".

(b) The elipsoidal angles are then reduced to plane by deducting E/3 from each.

(c) The unknown sides of the triangle can now be computed using the sine rule in
plane trigonometry.

(d) The azimuths of the sides are obtained from coordinates of two points (first and
second pointsin the first quadrilateral).

(e) Thelocal coordinate system(X, Y) can now be computed using following laws:

! Ref. no.1, page 276.
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Xj: Xi+ DijSinAZij
Yj :Yi + Dij COSAZij

and (Z) can be compute using triangles laws.

(2) In a braced quadrilateral (Figure 4.8), the final balanced angles should fulfill
the following conditions of adjustment, if the figure is to be geometrically correct.
Conditions of adjustment (Figure 4.8):
Angles1l+2+3+4+5+6+7+8=2360

1+2+3+4=180

3+4+5+6=180

5+6+7+8=180°

7+8+1+2=180°

1+2=5+6
3+4=7+8
B8
A e
R 2 |
ll',_;?\ S
| 8 S - I|
II H"H ./f |
| P |
! o S, |
I|I 5 /_,.—’.-' \\‘\-,__ |I
Bt e
)

o

Fig. 4.8 Condition of adjustment’

Side condition:

Ylog sins of the odd angles = Xlog sins of the even angles

! Ref. no.1, page 276
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As many of the above conditions are dependent upon each other, only four are used
in the actual adjustment. The ‘method of adjustment’ is: (a) adjust angles (1-8) to
equal 360°, (b) adjust angles (1 + 2) to equa (5 + 6); () adjust angles (3 + 4) to
equal (7 + 8); (d) side condition.

Proof of side condition:

From Figure 4.8 it is required to calculate length CD from base AB. This may be
doneviaroute BC or AD asfollows:

AB/sin4=BC/sinl. BC=ABsinl/sn4

Now BC/sin6=DC/sn3. DC=BCsin3/sn6=ABsin1sin3/(sin4sn6)
Similarly viaAD DC=ABsin2sn8/(sin7sinb)

As there can only be one length for DC, then canceling AB gives
sin1lsin3/(sn4sin6)=sn2sin8/(sin7sinb5)

Cross-multiplying and taking logs:

logsinl+logsin3+logsin5+logsin7=logsin2+logsin4+logsin6+logsin8

This method of adjustment will now be illustrated using the following mean

observed angles in Figure 4.8:

(@ Thefirst step in the method of adjustment is clearly seen.

(b) The second step shows that the difference between angles (1 + 2) and (5 + 6) is
4 i.e. 1" per angle, which is added to the smaller sum and subtracted from the

larger.

(c) The third step is identical to the above: the corrections of 2” and 1" have been

arbitrarily made to prevent the introduction of decimals of a second (correction
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per angle = 1.57).

Three steps have produced corrected angles which satisfy the first seven
conditions of adjustment. It is now necessary to find the log sin of these angles
and to compare their sums. This can be done very quickly on a pocket calculator.
(Table 4.4)

Adjustment = (15/217) x 10" = 0.7" =~ 1"

(d) Column 5 represents the change in the log sin of the angles for a change of 10" in
the angle. These values are easily obtained by increasing the value of the angle
by 10" and then finding its log sin on the pocket calculator. The difference of the
two log sin values is the difference for 10" change in the angle.

Normally the difference for 1" of arc is used, but in this case 10" differences are
used in order to. Facilitate understanding of the principles.

(e) Summing columns 3 and 4 shows a difference of 15 (0.000 015) which must be
adjusted. The necessary angular correction (0.7”) is obtained by dividing 15 by
the sum of columns 5, i.e. 217 (0.000 217), as shown. This may be explained as
follows: if one atered al the angles by 107, the total change in the log sins would
be 0.000 217. However, the change required is only 0.000 015, which by
proportion represents an angular change of 15/2 17 x 10" = 0.7".

(g) If any angle is greater than 90°, then a positive correction to the angle would
require a negative correction to its log sin. Thus the difference value in column 5
should have a negative sign which is applied in the summing of this column and

throughout.

(h) It is worth noting that the accuracy of a triangulation figure is expressed by the
magnitude of the difference in the sum of log sins, i.e. 0.000 015. Compensating
errors can occur in angles, tending to indicate excellent closure; such errors
would, however, substantially unbalance the side equation.
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Table 4.4 Example*
No | Observed angle 1% correction 2" correction
1 50 42 27 |-1|50 42 26 1|50 42 27
117 30 19
2 66 47 54| -1| 66 47 532 1|66 47 54
3 41 24 32| -1|41 24 31 2|41 24 33
62 29 36
4 21 05 06|-1|21 05 O5 1121 05 06
5 74 13 36 |-1| 74 13 35 1174 13 34
117 30 23
6 43 16 49| -1 | 43 16 48 -1 43 16 47
7 18 36 14 |-1]18 36 13 -1 18 36 12
62 29 42
8 43 53 30| -1)|43 53 29 -2 | 43 53 27
360 00 08| -8|360 00 00 0 |360 00 OO0

! Ref. no.1, page 277
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Table 4.5 Example*
2 3 4 5 7
! Angle Logsin Logsin Difference ° Final Values
(odd) (even) for 10" arc
1|50 42 27| 1888698 0.000 017 1/ 50 42 28
2166 47 54 1.963 374 9 -1| 66 47 53
341 24 33| 1820485 24 1| 41 24 34
4121 05 06 1.556 004 55 -1 21 05 05
574 13 34| 1983329 6 11 74 13 35
6 (43 16 47 1.836 046 22 -1 43 16 46
718 36 12| 1503810 62 1/ 18 36 13
8 |43 53 27 1.840913 22 -1| 43 53 26
1.196 322 | 1.196 337
1196 302 0.000 217 360 00 00
0.000 015

Although the above method can be done easily on a pocket calculator, the

following approach (Smith, 1982) has been produced specifically for a pocket

calculator.

The method precludes the use of logarithms and differences for 1” or 107, and is

asfollows: in the side condition assume V isthe correction per angle; then

sn(1+v)sin(3+v)sin(5+v) sin(7+v) =sin(2+v) sin(4+v) sin (6 +Vv) sin (8 + v)

Now sin (1 +v) =sin 1 cosv + cosl sinv, which, asv isvery small, =sin 1 + cos 1v

(sin1+coslv) (sin3+cos3v) (SN5+cos5v) (Sin7+cos7v) =1

(sn2+cos2v) (sin4+ cos4v) (sin 6+ cos6v) (sin 8+ cos 8v)

! Ref. no.1, page 278
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Expanding to the first order only:

(Snl1lsin3+sinlcos3v+coslsin3v)(sin5sn7+sn5cos7v+cos5sn7v)
(sn2sin4+sin2cos4v +cos2sin4v) (Sn6sin 8+ sin 6 cos 8v + cos 6 sin 8v)

=_sSnlsin3sin5sin7+sinl1sin3sin5sin7v (cot1+ cot3+cot5+ cot7)
sn2sin4sn6sin8+sin2sin4sin6sin8v (cot 2 + cot 4 + cot 6 + cot 8)

Let snl sn3sn5sn7=A cotl cot3cot5cot7=B
sin2sn4sin6sn8=C cot2cotdcot6cot8=D

Then the above expression can be rearranged and expressed thus:

v 206265(A-C)
AB+CD

If v*is positive then A > C and v” is subtracted from the odd angles and added to the

even.

All the digits as displayed on the pocket calculator are significant and should be

carried through the computation.

The previous example is now re-worked using this method for the side condition,
anditisshownin Table4.5.
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CHAPTER FIVE

MEASUREMENTSAND CALCULATIONS

5.1 INTRODUCTIONS

In this chapter we will show the measurements or data which we get it in field
surveying. It includes horizontal and vertical angles, and two horizontal distance
called (base and check line). By base line and vertical angles and horizontals angles
which are corrected by equal shifts methods, we determine the horizontal and slope

distances for all quadrilateralsin our geodesy network using sinerule.

Then, we calculate strength of figure for first quadrilateral after correction of
all horizontal angles in our network using equal shift method, but other quadrilaterals
we can be determine the strength of figure for it by program which we built.

Finally, we calculate local coordinate for all points using horizontal s distances
and azimuth which is calculated from full control points (A) and (B).

5.2 CONDITION OF WORKING

Thetable 5.1 shows days and date of working and the weather and
temperature and other things:
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Table 5.1 Work Conditions
Day & Period of | Name of .
Weather | Temp. Reflector Holding
Date Obs. Observer
Thursday 8:00- Mohammad | Ibrahim Abu-Iram
Cloudy | 16°
25\3\2004 04.00 Abdelaziz | Mohammad Ghanim
Wednesday 8:00- Ibrahim | Mohammad Ghanim
Cloudy | 15° )
31\3\2004 04:00 Abu-lIram | Mohammad Abdelaziz
Thursday 8:00- Mohammad | Mohammad Abdelaziz
Sunny 23° . .
01\4\2004 04.00 Ghanim | Ibrahim Abu-Iram
Monday 8:00- Mohammad | Mohammad Ghanim
Sunny 27° _ _
5\4\2004 04:00 Abdelaziz | Ibrahim Abu-Iram
Thursday 8:00- Ibrahim | Mohammad Abdelaziz
Sunny 26° .
22\4\2004 04.00 Abu-lIram | Mohammad Ghanim
Monday 8:00- Mohammad | Mohammad Abdelaziz
Sunny 28° . .
26\4\2004 04.00 Ghanim | Ibrahim Abu-Iram

5.3DATA AND CALCULATIONS.

5.3.1 Datafor the First Quadrilateral (A, B, C, D).

Figure 5.1 Quadrilatera (A,B,C,D)
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Table 5.2 The mean of reading for first Quadrilateral *

Horizontal Vertical
Station Point angle. angle
> A 1046057 | L5802
D (B: 4252 34.5 gi’ gi gg
A CD: 4925124 2313 ég gi
A (B: 36 3245.6 g? ig gg
B = 5159361 S
B o mmw | 222
c A crs57s | BN 02
C g 1711432 gg ;A[(g) gg

5.3.2 Calculationsfor Quadrilateral (A, B, C, D):

* First step, we calculate mean and standard deviation for horizontal angle and mean

for vertical angles and mean for base line in quadrilateral using following law:

n

D Xi
X — i=1
n
. 57" . "

*The mean of horizontal angle (A D B) = 0 1946' 05.7" ........ #1
The mean of horizontal angle (C D B) =4252' 34.5" .................. #8
The mean of horizontal angle (CA D) =4925' 124" ................. #2
The mean of horizontal angle (B A C) =36 32'45.6" ................... #3
The mean of horizontal angle (C B D) =51 59" 36.1" .........cccn..... #5

! See appendix C1
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The mean of horizontal angle (D B A) = 7415 54" .......ccooeveenenne #4
The mean of horizontal angle (A CD) = 6755 57.2" ......ccccoveueeee. #7
The mean of horizontal angle (A CB) =17 11'43.2" .......ccccen...... #6

280"

*The mean of vertical angle (DC) = T 93°49'49"

The mean of vertical angle (DB) = 91°54'39"
The mean of vertical angle (DA) = 91°53'02"
The mean of vertical angle (AD) = 88°06'54"
The mean of vertical angle (AB) = 90°10'39"
The mean of vertical angle (AC) = 91°19'58"
The mean of vertical angle (BA) = 89°49'22"
The mean of vertical angle (BD) = 88°05'21"
The mean of vertical angle (BC) = 91°40'50"
The mean of vertical angle (CD) = 86°10'11"
The mean of vertical angle (CA) = 88°40'02"
The mean of vertical angle (CB) = 88°19'10"

=417.2178m

*The mean of horizontal distance AB (base line) = @

*The mean of slope distance AB= %0198 =417.2198m

*Then we determine the standard deviation for horizontal angles at 99.7% level

confidence using the following law:

Standard deviation of angle (A D B) =+ ‘/% =41.6" , E9.7=2.756*1.6= t4. 4”

Standard deviation of angle(B D C) =+ ‘/% =41.5", E99.7=2.756*1.5= +4.13”
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Standard deviation of angle(D A C) =+ 1/10?4 =+1", E997=2.756* 1= +2.756"
Standard deviation of angle (B AC) =+ 1/% =+1.56" , Eo9.7=2.756* 1.56= +4.3”
. - 253 " ”
Standard deviation of angle(CB D) =+ ‘/T +1.67" , E99.7=2.756* 1.67= +4.6
Standard deviation of angle(D B A) =+ ‘/% +1.63", E99.7=2.756*1.63= +4.5”
. - 21.6 ” ”
Standard deviation of angle (A CD) =+ ‘/T +1.55" , E99.7=2.756* 1.55= +4.3

Standard deviation of angle (A CB) =+ 1/? +1.79" , E99.7=2.756*1.79= +4.9”

*No blundersin all readings for any angle.

*Second step, we correct al horizontal angles using equal shift method.

No| Observed angle 1% correction 2" correction

1 19 46 57 | +141| 19 46 711 +0.3| 19 46 741
69 11 20.92

2 49 25 124 | +141| 49 25 1381 +0.31| 49 25 14.12

3 36 32 456 | +141| 36 32 47.01 -1.95| 36 32 45.06
110 48 424

4 74 15 54 | +1.41| 74 15 5541 -2 74 15 5341

5 51 59 36.1| +141 51 59 3751 -031| 51 59 37.2
69 11 2213

6 17 11 432 | +141| 17 11 4462 -03 | 17 11 44.32

7 67 55 572 | +141| 67 55 58.61 +2 67 56 0.61
110 48 345

8 42 52 345 | +141| 42 52 3591 +1.95| 42 52 37.86

359 59 487 | +11.3) 360 00 00 0 360 00 00
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1 2 3 4 5 6 7
Angle Logsin | Logsin | Difference| ** | Final Values
° ” (odd) (even) |for 10"arc| ~ °
1|19 46 7.41| 1529205 0.000058| -1.67| 19 46 6.75
2 |49 25 14.12 1.880 531 18| 1.67| 49 25 14.79
3 |36 32 45.06| 1.774 857 28| -1.67| 36 32 43.39
4 |74 15 5341 1.983412 6| 1.67| 74 15 55.08
5 |51 59 37.2| 1.896 495 16| -1.67| 51 59 35.53
6 |17 11 44.32 1.470 757 66| 1.67| 17 11 45.99
7 |67 56 0.61 | 1.966 962 1/ -1.67| 67 55 58.94
8 |42 52 37.86 1.832 783 23| 1.67| 42 52 3953
1.167 519 1167483 0.000 216 360 00 00
1.167519
-0.000 036
** Angular Change = — 000003610 _ _, g7r
0.000216

* Third step, we calculate all distances in this quadrilateral using sine rule.

The distance which is known in (A, B, C, D) quadrilateral is AB distance or (base
line) = 417.2178m.
417.2178 x sin(74°15'55.08")

Horizontal AD = - =1187.340m
sin(19°46'6.75")
Slope AD = _ 1187.340 =1187.988m
cog(1°53'33")
Horizontal AC = 317:2178xSin(126°15'30") _ 1) 57 g0

sin(17°11'45.99")
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Slope AC = (1187948 _ 1138.256 m

cos(1°19'58")

417.2178 x Sin(85°57'58.2")
sin(19°46'6.75")

Slope DB = 1230509 =1231.194m

cos(1°54'39")

Horizonta DB = =1230.509 m

417.2178x sin(36°32'43.39")
sin(17°11'45.99")

Slope CB = _ 840325 =840.687 m

c0s(1°40'50")

Horizonta CB = =840.325m

1187.340x sin(49°25'14.79")
sin(67°55'58.94" )

Slope DC = _ 93076 _ 975.254 m

c03(3°49'49")

Horizonta DC = =973.076 m

*Fourth step, we calculate the heights of point (C, D) using the following law.

Height of point = height of any point +instruments height+ D* tan0-prism height.
* Instruments height=1.66 m.

* Prism height= 1.10 m.

*D= Horizontal Distance, 6 = vertical angle.

* Height of point B=916.42 m

* Height of point A=918.24 m

*height of point C = 918.24+1.66-1137.948*tan1°19'58"-1.10 =892.325 m.
*height of point D =918.24+1.66+1187.340 *tan1°53'33"'-1.10= 958.033 m.

*for check.
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*height of point C = 916.42+1.66-840.325*tan1°40'50"-1.10 =892.325 m.
*height of point D =916.42+1.66+1230.509 *tan1°54'39"'-1.10= 958.033 m.

Fifth step, we reduced the distances in this quadrilateral to mean sealevel using

following law:

R
R+h

*Where, b: is the mean sea-level distance.

b=d

d: is distance measured at any elevation.
h: elevation above mean sealevel.

R: average radius of the earth.

* Average Height for Distance AB = 918'24; 916.42 =917.33m
*Distance AB at mean sealevel = 417.2178x 6378137 =417.158m
6378137 + 917.33
* Average Height for Distance AD = 918.24 2958'033 =038.137m
* Distance AD at mean sealevel = 1187.340 6378137 =1187.165m
6378137 + 938.137
* Average Height for Distance AC = 22024 2892'325 — 905.283m
* Distance AC at mean sealevel = oo/ 48X 6378137 _ )47 207,
6378137 + 905.283
* Average Height for Distance DB = 916.42 2958'033 =937.227m
* Distance BC at mean sealevel= 840.325x 6378137 =840.202m
6378137 + 937.227
958.033 + 892.325

* Average Height for Distance DC= 5 =925.179m
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* Digtance DC at mean sea level= 2 2:076x 6378137 _ o0) gae

6378137 + 925.179

* Average Height for Distance DB= 916.42 2958'033 =937.227m

* Distance DB at mean sea level= 22o0-209x 6378137 _ 1 a0 oo,

6378137 + 937.227

Sixth step, we determine grid distance for al distancesin the quadrilateral, to use it
in coordinates calculations by following law:
G=SxF
Where: G = grid distance.
S=Ellipsoidal Distance at MSL (mean sealevel).
F = Scale Factor is Used in Palestine =1.000067.
*Grid distance AB=417.158 x 1.000067 = 417.186m
*Grid distance AC=1137.787 x 1.000067 =1137.863m
*Grid distance AD=1187.165 x 1.000067 = 1187.245m
*Grid distance DB=1230.028 x 1.000067 = 1230.110m
*Grid distance DC=972.935x1.000067 = 973m
*Grid distance CB=840.202 x 1.000067 = 840.258m

* Seventh step, we determine the strength of figure for the quadrilateral using the
following law:

R =22 @+ udotd -

*the values of (R) are taken from special table in appendix (B).
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C

Figure 5.2 first Quadrilateral (A,B,C,D)

* the route is chosen are triangles (BAD), (ADC).
*(D) =10, (C)=4.

D-C 10-4

0.6
* D 10

*the first routeistriangle (ABD), known sideis AB and the side to be calculated is
AD.

A=74°
B=20°

A=74°—70°= R=38
A=T74° - 75°= R=37
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75°—-70° — 37 -38
74°-70°—> R -38

55 -1
4° > R — 38

5R -38)=-4= R =37.2

* the second routeistriangle (ADC), known side is AD and the side to be calculated
isCD.

A=49°

B =68°

B=65°—> A=45°=R=7
B=65°—> A=50°= R=6

50°—45° — 67
49° - 45° — R/ 7

5°—-1
4 —(R-7)

5R-7)=-4=R =62

B=70°—> A=45°=R=7
B=70°—> A=50°= R=5

50°—45° —»5-7
49° -45° - (R'-7)

5°— -2
4 (R-7)=>R =54
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A=49° >B=65°=R'=6.2
A=49° >B=70°=R' =52

70° - 65° —>5.4—-6.2
68° - 65° — (R" - 6.2)

5—>-0.8
35(R"-6.2)

5R"-6.2)=-24=R"=5.72

R" =0.6x (5.72+37.2) = 25.75

*The strength of figure (A, B, C, D) or R" = % x (5.72+37.2) =25.75

* This quadrilateral is strong because the value of (R) issmall.

+ Calculations Coordinates for Points (C, D).

POINTS Y-COORDINATE X-COORDINATE
Building (A) 158826.720 101832.460
Building (B) 158567.950 101505.170
1 Ys " Ya _ .. -1158567.95-158826.72 _ 1—258.77

AL s=1an Xo- X t 10150517 -101832.46 A1 35759

AZ . = 38°19'53.26" + 180° = 218°19'53.26"
AZ .= 218°19'53.26" - 180° = 38°19'53.26"
AZ oo = AZ..— £(D B A) =38°19'53.26" — 74°15'55.08" = 324°03'58.18"

AZ .= AZ .- 2(DBA) - Z(CBD) = 324°0358.18" - 51°50'35.53" = 272°04'22.65"



GEODETIC NETWORK CHe: Measurement and calculation

Yc =YB+ DCBXS. n AZBC
=158567.95 + 840.258 x sin 272°04'22.65" =157728.242

Xc=XetDe*COSAZ s
=101505.17 + 840.258 x c0s272°04'22.65" =101535.564

YD :YB+ DBD XS. n AZBD
=158567.95+1230.110 x sin 324°03'58.18" =157846.059

Xo=Xs*t Dos*COSAZ
=101505.17 +1230.110x c0os324°03'58.18" =102501.184

5.3.3 Datafor the Second Quadrilateral (C, D, E, F)

F D

Figure 5.3 Quadrilatera (C,D,E,F)



GEODETIC NETWORK

CHe: Measurement and calculation

Table 5.3 The mean of reading for second Quadrilateral *

Horizontal Vertical
Station Point angle. angle
> C wor1s2 | 24949
: = | wen | £33
: > wmw | 30U
: © | wne | BOS
. C 1026 | 04958
E 2 67559.6 Haos
s E c62641a | 00141
: C | wen | 2=

5.3.4 Calculationsfor Quadrilateral (C, D, E, F)

*We calculate mean and standard deviation for horizontal angle and mean for vertical angles

in quadrilateral using following law:

D Xi
X — i=1
n
: 504" , .
*The mean of horizontal angle(CD E) = 0 =18°01'16.2"-------- #1
The mean of horizontal angle (E D F) = 67° 32" 17" ---------===nnnmnn- #8
The mean of horizontal angle (DC F) = 56° 20" 12" -----------=--=--=---- #2

! See appendix C2




GEODETIC NETWORK CHe: Measurement and calculation

The mean of horizontal angle (F C E) = 28° 27" 44" -----—----—-- --—--—-- #3

The mean of horizontal angle (JE D) = 77° 10' 22.6"-------------------- #4

The mean of horizontal angle (D EF) =67° 55' 9.6" -------------------- #5

The mean of horizontal angle (E F C) = 06° 26' 41.4"-------------------- #6

The mean of horizontal angle (C F D) =38° 06" 12"-----------------=---- #7
490"

— 93°49'49"

*The mean of vertical angle (DC) = m

The mean of vertical angle (DE) = 93°31'31"
The mean of vertical angle (DF) = 92°37'05"
The mean of vertical angle (EF) = 89°58'19"
The mean of vertical angle (ED) = 86°28'29"
The mean of vertical angle (EC) = 90°49'53"
The mean of vertical angle (FE) = 90°01'41"
The mean of vertical angle (FC) = 90°12'25"
The mean of vertical angle (FD) = 87°22'55"
The mean of vertical angle (CE) = 89°10'07"
The mean of vertical angle (CF) = 89°47'35"
The mean of vertical angle (CD) = 86°10'11"

* Deter mination the standard deviation for horizontal anglesat 99.7% level

confidence using the following law:




GEODETIC NETWORK CHe: Measurement and calculation

Standard deviation of angle (CD E) =+ 1/% =+42.32", E99.7=2.756* 2.32= +6.39”
Standard deviation of angle(ED F) =+ 1/%2 =+42.16", E99.7=2.756*2.16= +5.95”
Standard deviation of angle (DCF) =+ ‘/% =41.63", E99.7=2.756* 1.63= +4.49”
Standard deviation of angle (FCE) =+ ‘/% =41.63", Eg9.7=2.756* 1.63= +4.49”

. - 244 ”
Standard deviation of angle(CED) =+ ‘/T +1.65, E09.7=2.756* 1.65= +4.55

. - 224 " ”
Standard deviation of angle(D EF) =+ ‘/T +1.58" , E99.7=2.756* 1.58= +4.35

_— — 244 y ”
Standard deviation of angle(EF C) == ‘/T +1.65", E99.7=2.756* 1.65= +4.55

Standard deviation of angle (CF D) =+ 1/% +1.63, E99.7=2.756* 1.63= +4.49”

*No blundersin al readings for any angle.



GEODETIC NETWORK

CHe: Measurement and calculation

*Correction all horizontal angles using equal shift method.

No | Observed angle 1% correction 2" correction
1 |18 01 162 | +0.65|18 01 16.85 +57]18 01 2255
74 21 295
2 |56 20 12 |[+065|5 20 12.65 +57 |56 20 18.35
3 |28 27 44 |+065|28 27 4465 +5.6 |28 27 50.25
105 38 7.9
4 |77 10 226 |+065|77 10 2325 +56 |77 10 28.85
5 |67 55 96 |+0.65|67 55 10.25 -5.7 |67 55 455
74 21 52.3
6 |06 26 414 |+065|06 26 42.05 -5.7 |06 26 36.35
7 |38 06 12 |[+065|38 06 12.65 -56 |38 06 7.05
105 38 30.3
8 |67 32 17 |+065|67 32 17.65 -56 |67 32 12.05
359 59 548 |52 360 00 00 0 360 00 00
1 2 3 4 5 6 7
Angle Logsin Logsin | Difference | ** Final Values
° (odd) (even) | for 10" arc °
1118 01 2255|1.490517 0.0000646 | -7.8 | 18 01 14.75
256 20 1835 1.920294 | 0.0000135 | +7.8| 56 20 26.15
3128 27 50.25|1.678159 0.0000392 | -7.8 | 28 27 42.45
4|77 10 28.85 1.989027 | 0.0000053 | +7.8| 77 10 36.65
5[67 55 455 |1.966914 0.0000085 | -7.8 | 67 54 56.75
6|06 26 36.35 1.050079 | 0.0001861 | +7.8 | 06 26 44.15
7138 06 7.05 |1.790329 0.0000272 | -7.8 | 38 05 59.25
8|67 32 12.05 1.965730 | 0.0000091 | +7.8 | 67 32 19.85
0.925130
360 00 00 | 0.925919 0.001011 360 00 00
0.9249340
-0.000789




GEODETIC NETWORK CHe: Measurement and calculation

~0.000789x10 g
0.001011 '

** Angular Change =

*Calculation thelength of sidesin quadrilateral (C, D, E, F).

973.076 x sin(18°01' 14.75")

Horizontal CE = - =308.732m
sin(77°10'36.65")
Slope CE = 308732 =308.764m
cos(49'53")
Horizontal DE = 73:076xSin(84°4886") _ o0 oo

sin(77°10'36.65")

Slope DE = M: 995.746 m

cos(3°31'31")
973.076 x sin(56°20'26.15")
sin(38°05'59.25")

Slope DF = _1slabsl 1314.003 m

c0s(2°37'05")

973.076 x sin(85°33'34.6")
sin(38°05'59.25")

Horizonta DF = =1312.631m

Horizonta CF = =1572.290 m

Slope CF = 1572.290 =1572.300 m

cos(12'25")
1312.631x sin(67°32'19.85")
sin(67°54'56.75")

Slope EF :M: 1309.099 m

cos(01'41")

Horizonta EF = = 1309.099 m

* Calculations Heights of Points (E, F).

*Height of Point E= 892.325+1.66+308.732* tan 0°49'53"-1.1=897.365m
*Height of Point F= 892.325+1.66+1572.290* tan 0°12'25"-1.1=898.564m



GEODETIC NETWORK CHe: Measurement and calculation

*For Check
* Height of Point E=958.033+1.66-993.862* tan 3°31'31"-1.1= 897.366m
* Height of Point F=958.033+1.66-1312.631*tan 2°37'05"'-1.1=898.572m

* Average Height of Point E= 027502 ; 897.366 _ g97.366m

* Average Height of Point F= 220204 ; 898.572 _ g98.568m

*Reduction Distancesin Quadrilateral (C, D, E, F) to Mean Sea L evel.

* Average Height for Distance CF = 892.325 ; 898.568 =895.447m

*Distance CF at mean sealevel= 1572290 6378137 =1572.069m
6378137 + 895.447

* Average Height for Distance CE= 897.366 ; 892.325 =894.846m

* Distance CE at mean sealevel= 308.732 < 6378137 =308.689m
6378137 + 894.846

* Average Height for Distance EF= 898.568 ; 897.366 =897.967m

* Distance EF at mean sealevel= 1309.099> 6378137 =1308.915m
6378137 + 897.967

* Average Height for Distance ED= 897'366; 958033 _ 927.6995m

* Distance ED at mean sealevel= 993.862 x 6378137 =993.717m
6378137 + 927.6995

* Average Height for Distance FD= 958'033; 898.568 _ 928.301m

* Distance FD at mean sealevel= 1312.631x 6378137 =1312.440m

6378137 + 928.301



GEODETIC NETWORK CHe: Measurement and calculation

* Deter mination the Grid Distance.

*Grid distance CE=308.689 x 1.000067 = 308.710m
*Grid distance CF=1572.069 x 1.000067 =1572.174m
*Grid distance FE=1308.915 x 1.000067 =1309.003m
*Grid distance FD=1312.440 x 1.000067 =1312.528m
*Grid distance DE=993.717 x 1.000067 = 993.784m

» Determination the strength of figure.

E
¢
Figure 5.4 Second Quadrilateral (C,D,E,F)
*the route is chosen are triangles (ECD), (EFD).

*(D) =10, (C)=4.

D-C 10-4
* D 10

0.6




GEODETIC NETWORK CHe: Measurement and calculation

*Thefirst routeistriangle (ECD), known side is CD and the side to be calculated
iSED.

A=56° + 28° = 84°
B=77°

B=75°—> A=80°= R=1
B=75°—> A=85°= R=0

85°-80° —>0-1
84° -80° - (R' - 1)

5—>-1
4—(R-1)=5R -1)=-4=R'=0.2

B=80°—> A=80°= R=0
B=80°—> A=85°=R=0

85°-80° > 0-0
84°-80° »(R'-0)= R =0

A=84°>B=75°=R =0.2
A=84° > B=80°=R'=0

80° - 75° —0-0.2
77° - 75° - (R"-0.2)

5-—>-0.2
2—>(R"-02)=R"=0.12



GEODETIC NETWORK CHe: Measurement and calculation

*The second route is triangle (EFD), known side is ED and the side to be calculated
isFD.

A=68°

B=44°

B=40°—> A=65°= R=10
B=40°—> A=70°= R=9

70° - 65° —»9-10
68° - 65° — (R’ —9)

5-5-1
35 (R -9)= R =84

B=45°—> A=65°= R=7
B=45°—> A=70°= R=7

70°-65° > 7-7
68°—65°— (R - 7)

50
35(R-7)=>R=7

A=68°—>B=40°=R'=84
A=68°—>B=45=R'=7

45° — 40° —> 7 -84
44° — 40° — (R" - 8.4)

5-5-14
4—(R"-84)=R"=7.28



GEODETIC NETWORK CHe: Measurement and calculation

*The strength of figure (C, D, E, F)or R" = 101—64 x(0.12+7.28) =4.44

* Thisquadrilateral is very strong because the value of (R) isvery small.

+ Calculations Coordinates for Points (E, F).

-1157846.059 - 157728.242 1117.817

-1 YD _Yc _
=tan tan 965.62

Al =tan X0 X 102501.184 - 101535.564
AZ ., = 06°57'22.95"

AZ.. = AZ ., - Z(DCF)=06°57'22.95" - 56°20'26.15" = 310°36'56.8"
AZ = AZ., - Z(DCF) - Z(F CE) =310°36/56.8" — 26°27'42.45' = 282°09'14.35"

Y:=Yc+ DexSin AZc:
=157728.242 +1572.174 x in 310°36'56.8" = 156534.817

Xe=Xc+ D *COSAZ
=101535.564 + 1572.174 x cos310°36'56.8" =102559.023

YE =Yc + DEC XSi n AZCE
=157728.242 + 308.710 x Sin 282°09'14.35" =157426.452

Xe=Xct Dee*xCOS AZ
=101535.564 + 308.710 x c0s282°09'14.35" =101600.560



GEODETIC NETWORK CHe: Measurement and calculation

5.3.5 Datafor the Third Quadrilateral (F, D, H, G).

G,

Figure 5.5 Third Quadrilateral (F,D,G,H)

Table 5.4 The mean of reading for third Quadrilateral *

Horizontal Vertical
Station Point angle. angle

H g 3345234 gé gg ig
H g 60 04 20.0 g? 22 g;
D ﬁ 4041 24.6 gg ég ﬂ
D E 8223214 gg g éé
T
F f' 25 19 46 2; ‘z’g ‘213
G g 49 06 39.4 gé gg’ 411;
G g 45 28 49.0 38 gg ig

! See appendix C3



GEODETIC NETWORK CHe: Measurement and calculation

5.3.6 Calculationsfor Quadrilateral (F, G, D, H):

* Calculation mean and standard deviation for horizontal angle and mean for vertical

anglesin quadrilateral using following law:

D Xi
X _ =1
n
: 196" o
*The mean of horizontal angle (FHD) = =33° 45 23.4"--------- #1
The mean of horizontal angle (G H F) = 60° 04' 20" -------------------- #3
The mean of horizontal angle (GDH) = 40° 41' 24.6"-----------=------- H2
The mean of horizontal angle (GDF) = 82° 23' 21.4"-------------------- #3
The mean of horizontal angle (HFD) = 23° 09' 25" -----------=---------- #A
The mean of horizontal angle (GFH) = 25° 19' 46" ------------=----=---- #5
The mean of horizontal angle (FGD) = 49° 06' 39.4"-------------------- 46
The mean of horizontal angle (HGD) = 45° 28' 49"------------=---=----- #7
: 410" o
*The mean of vertical angle (DH) = 0 =89°52'41"*

The mean of vertical angle (DG) = 89°27'11"
The mean of vertical angle (DF) = 92°37'05"
The mean of vertical angle (FG) = 87°36'43"
The mean of vertical angle (FH) = 88°1327"
The mean of vertical angle (FD) = 87°22'55"
The mean of vertical angle (HD) = 90°07'19"
The mean of vertical angle (HF) = 91°46'33"
The mean of vertical angle (HG) = 89°50'07"
The mean of vertical angle (GH) = 90°09'53"



GEODETIC NETWORK CHe: Measurement and calculation

The mean of vertical angle (GD) = 90°32'49"
The mean of vertical angle (GF) = 92°23'17"

* Deter mination standard deviation for horizontal anglesat 99.7% level

confidence using the following law:

Standard deviation of angle (DHF) =+ % =+1.65", E99.7=2.756* 1.65= +4.55”

Standard deviation of angle (G HF) =+ ‘/% =41.63", E99.7=2.756* 1.63= +4.5”

- _ /24.4 y ”
Standard deviation of angle (HDG) =+ o +1.65" , E99.7=2.756* 1.65= +4.55

- _ (244 y ”
Standard deviation of angle (FDG) =+ 5 - +1.65" , E99.7=2.756* 1.65= +4.55

. . — 42 " 11
Standard deviation of angle (HFD) =+ 1/3 =42.2", E997=2.756*2.2= 16

. _ |24 y ”
Standard deviation of angle (HFG) =+ ry =+1.63" , E99.7=2.756*1.63= +4.5

. . — 42 " 11
Standard deviation of angle (HGD) ==+ 1/? =12.2" , E997=2.756*2.2= 16

Standard deviation of angle (FGD) =+ ‘/% =+1.65" , E99.7=2.756* 1.65= +4.55”

*No blundersin al readings for any angle.



GEODETIC NETWORK CHe: Measurement and calculation

« Correction all horizontal angles using equal shift method.

No| Observed angle 1% correction 2" correction
1 |33 45 234 |+64 |33 45 298 -5.65 |33 45 24.15
74 27 08
2 |40 41 246 +64 |40 41 31 -5.65|40 41 25.35
3 82 23 214 |+64 |82 23 278 +5.65| 82 23 33.45
105 32 59.2
4 123 09 25 |+64 |23 09 314 +5.65| 23 09 37.05
5 (25 19 46 |+64 |25 19 524 +5.65| 25 19 58.05
74 26 382
6 |49 06 394 |+64 |49 06 458 +5.65/ 49 06 51.45
7 |45 28 49 | +64 |45 28 55.4 -5.65| 45 28 49.75
105 33 21.8
8 |60 04 20 |+64 |60 04 264 -5.65|60 04 20.75
359 59 08.8 | +51.2| 360 00 00 0 360 00 00
1 2 3 4 5 6 7
Angle Logsin | Logsin | Difference| ** | Final Values
° ” (odd) (even) |for 107arc| ~ | °
1 | 33 45 24.15| 1.744815 0.0000316 | -2.7| 33 45 21.45
2 140 41 25.35 1.814228 | 0.0000248 | +2.7| 40 41 28.05
3 |82 23 33.45| 1.996161 0.0000025| -2.7| 82 23 30.75
4 123 09 37.05 1.594729 | 0.0000495 | +2.7| 23 09 39.75
5 |25 19 58.05| 1.631317 0.0000446 | -2.7| 25 19 55.35
6 |49 06 51.45 1.878531 | 0.0000187 | +2.7| 49 06 54.15
7 |45 28 49.75| 1.853097 0.0000204 | -2.7| 45 28 47.05
8 |60 04 20.75 1.937847 | 0.0000123 | +2.7| 60 04 23.45
1.225335
1.225390 0.000204 360 00 00
1.225401
-0.000055 -




GEODETIC NETWORK CHe: Measurement and calculation

—0.000055x10 _ 07"

** Angular Change= 0.000204

*Calculation thelength of sidesin quadrilateral (H, D, F, G).
The length of side DF = 1312.631 m

1312.631x sin(23°09'39.75")
sin(33°45'21.45")

_ 929.135
cos(07'19")

1312.631x sin(123°04'58.8")
sin(33°45'21.45")

Slope HF :M: 1980.281 m

cos(1°46'33")
1312.631x sin(82°23'30.75")
sin(49°06'54.15" )
Slope GF = 1720942 1722.438 m
cos(2°23'17")
1312.631x sin(48°29'35.1")
sin(49°06'54.15")

Slope DG = (1300218 _ 1300.277 m

cos(32'49")

1721.038 x sin(25°19'55.35")
sin(60°04'23.45")

Horizontal HD = =029.135m

Slope HD =929.137 m

Horizontal HF = =1979.330 m

Horizontal GF = =1720.942 m

Horizonta DG = =1300.218 m

Horizonta HG = =849.660 m

Slope HG = 29560 _ /9 664 m
cos(09'53")



GEODETIC NETWORK CHe: Measurement and calculation

*Calculations Heights of Points (H, G).

*Height of Point H= 898.586+1.66+1979.330*tan 1°46'17"-1.1=960.513 m
*Height of Point G= 898.586+1.66+1720.942*tan 2°23'17"-1.1= 970.915m
*For Check

*Height of Point H=958.033+1.66+929.135*tan 0°07'19"'-1.1= 960.571 m
*Height of Point G=958.033+1.66+1300.218*tan 0°32'49"-1.1= 971.005 m

* Average Height of Point H= 960'513; 960.571 =960.542m

* Average Height of Point G= 970'915; 971005 _ 970.960m

*Reductions of Distancesin Quadrilateral (H, G, D, F) to Mean Sea L evel.

* Average Height for Distance DH = 958'033; 960.513 =959.273m

*Distance DH at mean sea level= 929.135x 6378137 =028.995m
6378137 + 959.273

* Average Height for Distance FH= 960'513; 898.568 =929.541m

* Distance FH at mean sealevel= 1979.330 6378137 =1979.042m
6378137 + 929.541

* Average Height for Distance GF= 898.568 ; 970.960 =934.764m

* Distance GF at mean sealevel= 1720942 x 6378137 =1720.690m
6378137 + 934.764

* Average Height for Distance GD= 970.960 er 958.033 =964.497m

* Distance GD at mean sealevel= —o00-218x 0378137 _ )3 po1m

6378137 + 964.497



GEODETIC NETWORK CHe: Measurement and calculation

* Average Height for Distance HG= 960'513; 970.960 =965.737m
* Distance HG at mean sealevel= 849.660 x 6378137 _ 849.531m
6378137 + 965.737

* Determination the Grid Distance.

*Grid distance DH=928.995 x 1.000067 = 929.057m
*Grid distance DG=1300.021x 1.000067 =1300.108m
*Grid distance HF=1979.042 x 1.000067 =1979.175m
*Grid distance HG=849.531x 1.000067 = 849.588m
*Grid distance GF=1720.690 x 1.000067 = 1720.805m

* Determination the strength of figure.

Quadrilateral

Figure 5.5 Third Quadrilateral (F,D,G,H)



GEODETIC NETWORK CHe: Measurement and calculation

*the route is chosen are triangles (FGD), (HFG).
*(D) =10, (C)=4.

D-C 10-4
* D 10

0.6

*Thefirst routeistriangle (FGD), known sideis FD and the side to be calculated is FG.

A=82°
B=49°

B=45°—> A=80°= R=5
B=45°—> A=85°= R=5

85°-80° >5-5
82° - 80° > (R - 5)

5-0
2> (R-5=R=5

B=50°—> A=80°= R=4
B=50°—> A=85°= R=3

85° - 80° >3-4
82°-80° - (R - 4)

5-5-1
2-(R-4)=R =36



GEODETIC NETWORK CHe: Measurement and calculation

A=82°>B=45°=R'=5
A=82°—>B=50°=R'=3.6

50° - 45° 3.6 5
49° — 45° > (R" - 5)

5-5-14
4—(R"-5)= R"=3.88

*The second route is triangle (HFG), known sideis FG and the side to be
caculated isHG.

A=25°
B =60°

B=60°—> A=24°= R=30
B=60°—> A=26°= R=25

26° — 24° —3 25— 30
25° — 24° —5 (R’ - 30)

2—>-5
1-(R-300=>R' =275

* The strength of figure (F, D, H, G) or R" = % x (3.88+ 27.5) =18.828

* This quadrilateral is strong because the value of (R) issmall.



GEODETIC NETWORK CHe: Measurement and calculation

+ Calculations Coordinates for Points (H, G).

2 Ys-Y _1157846.059 — 156534.817 11311.242
AZ=tan v =tan — =tan — 5 g
X,- X, 102501.184 — 102559.023 57.839

AZ ., =92°31'32.46"

AZ .= AZ . - Z(H F D) =92°31'32.46" — 23°09'39.75" = 69°21'52.71"
AZ .= AZ .. - Z(HF D)= Z(H F G) = 69°21'52.71" — 25°19'55.35" = 44°01'57.36"

Yu=Yet Daxsin AZs,
=156534.817 +1979.175x Sin 69°21' 52.71" = 158387.013

XH = XF + DFH ><C()SAZFH
=102559.023 +1979.175x c0s69°21'52.71" = 103256.522

Yo=Y+ DesxSiN AZe
=156534.817 + 1720.805x sin44°01'57.36" = 157730.893

Xe=X:+ D XCOSAZ s
=102559.023 +1720.805 x cos44°01'57.36" =103796.186



GEODETIC NETWORK CHe: Measurement and calculation

5.3.7 Datafor the Fourth Quadrilateral (G, H, I, J).

J

H

Figure 5.7 Fourth Quadrilateral (G,H,l,J)

Table 5.5 The mean of reading for fourth Quadrilateral *

Horizontal Vertical
Station Point angle. angle

J (Hs 7555174 gg j; i%
J 'I_I 454522.0 38 % ig
G 3 351755.0 38 ﬁ IALS
G ! 2659 13.0 Do
’ J narmo | B2
: T
I g 36 56 10.6 gg ‘212 (233
I (‘J; 2301321 gg jg gg

! See appendix C4



GEODETIC NETWORK CHe: Measurement and calculation

5.3.8 Calculationsfor Quadrilateral (G, H, I, J)

*We calculate mean and standard deviation for horizontal angle and mean for vertical angles

in quadrilateral using following law:

n

X =2
n

*The mean of horizontal angle (HJG) = % =75°55'17.4"------- #1
The mean of horizontal angle (H J 1) = 45° 45' 22" —-—-mmemmmemmeemme- #8
The mean of horizontal angle (I G J) = 35° 17" 55" ---------mm-meemmmn H2
The mean of horizontal angle (I G H) = 26° 59' 13"------------- ------ #3
The mean of horizontal angle (JH G) = 41° 47" 30"-------------=------ H#4
The mean of horizontal angle (JH 1) = 74° 16' 54.8" ------------------ #5
The mean of horizontal angle (H | G) = 36° 56' 10.6"------------------ #6
The mean of horizontal angle (J1 G) = 23° 01' 32.2"-----------=------- H7
70

*The mean of vertical angle (HG) = o =89°50'07"

The mean of vertical angle (HJ) = 89°22'39"
The mean of vertical angle (HI) = 89°31'37"
The mean of vertical angle (GJ) = 90°11'43"
The mean of vertical angle (GI) = 90°13'51"
The mean of vertical angle (GH) =90°09'53"
The mean of vertical angle (JH) = 90°37'21"
The mean of vertical angle (JG) = 89°48'17"
The mean of vertical angle (JI) = 90°10'13"

The mean of vertical angle (1J) = 89°49'47"
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The mean of vertical angle (IG) = 89°46'09"
The mean of vertical angle (IH) = 90°28'23"

* Deter mination standard deviation for horizontal angles at 99.7% level

confidence using the following law:

Standard deviation of angle(HJG) =+ 1/16?4 =41.35", Eg9.7=2.756* 1.35= +3.7”

Standard deviation of angle(H JI) =+ 1/% =41.63", E99.7=2.756*1.63= +4.5”

Standard deviation of angle (1 G J) =+ %2 =42.2" , E997=2.756*2.2= +6”

Standard deviation of angle (| GH) =+ ‘/% =42.2" , E97=2.756*2.2= 16"

Standard deviation of angle (JH G) =+ ‘/% =41.63", E99.7=2.756* 1.63= +4.5”
. — . |17.6 " ”»

Standard deviation of angle(JH 1) =+ ‘/T =+14" | E99.7=2.756*1.4= +3.86

Standard deviation of angle (H1 G) =+ % =+1.65", E99.7=2.756* 1.65= +4.55”

Standard deviation of angle (J1 G) =+ % =11.48" , E99.7=2.756*1.48=14.1"

*No blundersin al readings for any angle.
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« Correction all horizontal angles using equal shift method.

No | Observed angle 1% correction 2" correction
1 (75 55 174 |+0625|75 55 18.025 -1.75 |75 55 16.275
111 13 13.65
2 |3 17 55 |+0.625|35 17 55.625 -1.75 |35 17 53.875
3 |26 59 13 |+0625|26 59 13.625 +2.80 |26 59 16.425
68 46 44.25
4 |41 47 30 |+0.625|41 47 30.625 +2.80 | 41 47 33.425
5 |74 16 548 | +0.625| 74 16 55.425 +1.75|74 16 57.175
111 13 06.65
6 |36 56 106 |+0.625|36 56 11.225 +1.75136 56 12975
7 |23 01 322 |+0.625|23 01 32725 -280 [ 23 01 29.925
68 46 55.45
8 |45 45 22 |+0.625|45 45 22725 -2.80 |45 45 19.925
359 59 55 360 00 00 0 360 00 00
1 2 3 4 5 6 7
Angle Logsin Logsin Differene | ** Final Values
° ' (odd) (even) | for 10" arc °
1 |75 55 16.275 | 1.986755 0.000005 | +65 | 75 55 22775
2 |35 17 53875 1.761803 | 0.000029 | -65 | 35 17 47.375
3 |26 59 16.425 | 1.656867 0.000041 | +65 | 26 59 22925
4 |41 47 33425 1.823759 | 0.000023 | -6.5 | 41 47 26.925
5 |74 16 57.175 | 1.983450 0.000006 | +6.5 | 74 17 03.675
6 |36 56 12975 1.778828 | 0.000028 | -6.5 | 36 56 06.475
7 |23 01 29925 | 1.592324 0.000049 | +65 | 23 01 36.425
8 |45 45 19.925 1.855137 | 0.000020 | -6.5 | 45 45 13.425
1.219527
1.219396 0.000201 360 00 00
1.214787
0.000131
«* Angular Change = 0.000131x10 _ 65"

0.000201
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*Calculation thelength of sidesin quadrilateral (G, H, I, J).

The length of side HG = 849.660 m

849,660 x sin(26°59'22.925")
sin(36°56'06.475")
Slope 1H =409 g4y 797-
cos(28'23")
849.660 x sin(116°04'30.6")
sin(36°56'6.475")

Slope IG= 1270040 _ 1270.050 m

cos(13'51")
849.660 x sin(41°47'26.925")
sin(75°55'22.775")
Slope JG = 983755 =583.758 m
cog(11'43")
849.660 x sin(62°17'10.3")
sin(75°55'22.775")

Slope HJ =L476 =775.522m

cos(37'21")

583.755x sin(35°17'47.375")
sin(23°01'36.425")

Slope 1] = 862.299
cos(10'13")

Horizonta IH = =641.695m

Horizontal 1G = =1270.040 m

Horizonta JG = =583.755 m

Horizontal HJ = =775476 m

Horizonta 1J = =862.299 m

= 862.303m
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*Calculations Heights of Points (I, J).

*Height of Point |= 960.542+1.66+641.695* tan 28'23"-1.1=966.400m
*Height of Point J= 960.542+1.66+775.476*tan 37'21"-1.1= 969.528 m
*For Check

*Height of Point 1I=970.960+1.66-1270.040*tan 13'51"-1.1= 966.403m
*Height of Point J=970.960+1.66-583.755*tan 11'43"'-1.1= 969.531m

* Average Height of Point I= 966.400 er 966.403 =966.402m
* Average Height of Point J= 969'528; 969531 _ 969 530m

*Reduction Distancesin Quadrilateral (G, H, I, J) to Mean Sea L evel.

* Average Height for Distance IH = 966.402 ; 960.542 =963.472m

*Distance IH at mean sealevel= 641.695x 6378137 =641.598m
6378137 + 963.472

* Average Height for Distance 1G= 200402 ; 970.980 _ 968 681m

* Distance IG at mean sea level= 12/ 0-040x 6378137 _ 1500 oa7m
6378137 + 968.681

* Average Height for Distance JG= 969.530 er 970.960 =970.245m

* Distance JG at mean sealevel= S83.755x 6378137 =583.666m
6378137 + 970.245

* Average Height for Distance Hi= 200242 *2’ 969.530 _ 965.036m

* Distance HJ at mean sea level= 775476 % 6378137 =775.359m

6378137 + 965.036
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* Average Height for Distance 1J= 966.402 ; 969.530 =967.966m
* Distance |1J at mean sealevel= 862.299 x 6378137 _ 862.168m

6378137 + 967.966
* Determination the Grid Distance.
*Grid distance IH=641.598 x 1.000067 = 641.641m
*Grid distance 1G=1269.847 x 1.000067 =1269.932m
*Grid distance JG=583.666 x 1.000067 = 583.705m

*Grid distance HJ=775.359 x 1.000067 = 775.411m
*Grid distance 1J=862.168 x 1.000067 = 862.226m

» Determination the strength of figure.

J

H

Figure 5.8 Fourth Quadrilateral (G,H,l,J)
*the route is chosen aretriangles (H G J), (J1 G).

*(D)=10, (O)=4.
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D-C 10-4
* D 10

0.6

*Thefirst routeistriangle (H G J), known side is HG and the side to be calculated
1sJG.

A=42°
B=76°

B=75°—> A=40°= R=8
B=75°—> A=45°= R=6

45° — 40° —> 68
42° - 40° - (R' - 8)

5—>-2
2—(R-8)

~4=5R-8)=>R'=72

B=80°—> A=40°= R=7
B=80°—> A=45°= R=5

45° - 40° > 5-7
42° - 40° - (R - 7)

55 -2
2-5(R-7=>R=6.2)
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A=42°—>5B=75°=R'=7.2
A=42°—>5B=80°= R =6.2

80° - 75°—>6.2-7.2
76° - 75° > (R"-7.2)

5-5>-1
1-(R'-72)=R"=7

*The second routeistriangle (I J G), known side is JG and the side to be calcul ated
is1d.

A=35°
B=23°

A=35°—> B=22°= R=52
A=35°—>B=24°= R=46

24° — 22° — 46— 52
23° - 22° (R - 52)

2—> -6
1- (R -52)

-6=2(R'-52)= R' =49

* The strength of figure (G, H, I, J) or R" = 101—;)4 x (7 + 49)=33.6

* This quadrilateral is medium strong because the value of (R) is not small.
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« Calculations Coordinates for Points (I, J).

o 1Ys"Ye , . 1158387.013-157730.893 . 1 656.12
Alen=taN ~- —=1aN 1035652 103706186 L) 530,664

AZ ., =129°26'15.2"

AZ. = AZo. — Z(H G 1) =129°26'15.2" - 26°59'22.925 = 102°26'52.3"
AZ = AZo — Z(HG1) = £(1 GJ) =102°26/52.3" — 35°17'47.375" = 67°09'4.96"

Y| ZYG+ DGI XSin AZGI
=157730.893 + 1269.932 x sin102°26'52.3" =158970.972

X,=Xet+Dg*COSAZ,
=103796.186 + 1269.932 x c0s102°26'52.3" =103522.451

YJ :YG+ DGJ ><Sin AZGJ
=157730.893 + 583.705x sin 67°09'4.96" =158268.797

X;=Xs+Dea*C0SAZ;
=103796.186 + 583.705 x c0s67°09'4.96" =104022.837



GEODETIC NETWORK CHe: Measurement and calculation

5.3.9 Datafor the Fifth Quadrilateral (J, 1, K, L)

I

Figure 5.9 Fifth Quadrilateral (J,1,K,L)

Table 5.6 The mean of reading for fifth Quadrilateral *

Horizontal Vertical
Station Point angle. angle

L lJ 4039398 gg i’g g;
L T 9251 24.0 gg flsg gg
J E 16 46 56.0 32 ég gg
J ° 6232150 38 = ‘112
| : 50 01 55.0 gg jg o
| E 26 14 55.8 88 4112 g
K 3 311057 gg 1‘2 ;‘3
K '3 20 42 56.4 g; 22 i;

! See appendix C5
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5.3.10 Calculationsfor Quadrilateral (J,1, K, L)

* We calculate mean and standard deviation for horizontal angle and mean for

vertical angles in quadrilateral using following law:

D Xi
X — i=1
n
, 504" , .

*The mean of horizontal angle (JL 1) = 0" 40° 39' 39.8"-------- #1
The mean of horizontal angle (K L 1) =92° 51' 24" ---------=---=----- #3
The mean of horizontal angle (K JL) = 16° 46' 56" -------------------- #2
The mean of horizontal angle (K JI) = 62° 32' 15"------------= --=--—- #3
The mean of horizontal angle (J1 L) =59° 01' 55" -----------=---=----- #4
The mean of horizontal angle (K | L) = 26° 14' 55.8" ----------------- #5
The mean of horizontal angle (1 K J) = 31° 10" 57" ------------=--=----- #6
The mean of horizontal angle (L K J) = 29° 42' 56.4"------------------ H#7
* The average of measured length KL (check line) = % = 659.7695m

, 430" -
* The mean of vertical angle (KI) = 0 =89°49'43

The mean of vertical angle (KL) = 91°05'37"
The mean of vertical angle (KJ) = 89°44'17"
The mean of vertical angle (L1) =89°13'33"
The mean of vertical angle (LK) = 88°54'23"
The mean of vertical angle (LJ) = 88°57'07"
The mean of vertical angle (IK) =90°10'17"
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The mean of vertical angle (IL) = 90°46'27"
The mean of vertical angle (1J) = 89°49'47"
The mean of vertical angle (JI) = 90°10'13"
The mean of vertical angle (JK) =90°15'43"
The mean of vertical angle (JL) = 91°02'53"

* Determination the standard deviation for horizontal anglesat 99.7% level

confidence using the following law:

Standard deviation of angle (JL 1) =+ ‘/% =11.48", Eg9.7=2.756* 1.48= +4”
Standard deviation of angle(K L ) =+ ‘/% =41.63", E99.7=2.756* 1.63= +4.49”
. _ /24 y ”
Standard deviation of angle(K JL) =+ ) =11.63", E00.7=2.756*1.63= +4.49
. _ [a2 y ”
Standard deviation of angle (K J1) =+ ry =12.16" , E99.7=2.756*2.16= £5.95

Standard deviation of angle (J1 L) =+ \/% +1.05", E99.7=2.756* 1.05= +2.89”

Standard deviation of angle (K | L) =+ ‘/% +1.48", Eg9.7=2.756* 1.48= +4”
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Standard deviation of angle (I K J) =+ \/% +1.05", E99.7=2.756*1.05= +2.89”

Standard deviation of angle (L K J) =+ 1/% +1.58, E99.7=2.756* 1.58= +4.35”

* No blundersin all readings for any angle.

* Thefollowing step, we correct all horizontal angles using equal shift method

No | Observed angle 1% correction 10.4 2" correction
1] 40 39 398 |-1| 40 39 388 +2 | 40 39 40.8
57 25 428
2 16 46 56 |-1| 16 46 04 +2 | 16 46 06
3162 32 15 |1, 62 32 14 +26| 63 32 16.6
122 34 8
4 | 59 1 5 -1 59 1 4 +26| 59 1 56.6
5126 14 558 |-1| 26 14 548 -2 26 14 528
57 25 50.8
6| 31 10 57 |-1| 31 10 56 -2 31 10 54
7129 42 564 |-1| 29 42 554 -26 | 29 42 528
122 34 184
8| 92 5651 24 |-1|] 92 51 23 26| 92 51 204
360 00 08 |-8/360 00 00 0O 360 00 00
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1 2 3 4 5 6 7
Angle Logsin Logsin Differene | ** | Final Values
° ” (odd) (even) |for 10arc| “ | °

1 |40 39 40.8|1.813972 0.000025 | +7 | 40 39 47.8
2 |16 46 06 1.460 150 70| -7 16 45 59
3 |63 32 16.6|1.951935 10| +7| 63 32 236
4 |59 01 56.6 1.933 213 13| -7 59 01 49.6
5 |26 14 528 1645675 43| +7| 26 14 59.8
6 |31 10 54 1.714 123 35| -7 31 10 47
7 |29 42 52.8| 1.695 202 37| +7| 29 42 59.8
8 |92 51 204 1.999 460 1|-7| 92 51 134
1.106 782 1106946 0.000 234 360 00 00

1.106 782

+0.000 164

0.000164x10 __,

** Angular Change = 0.000234

eCalculation thelength of sidesin quadrilateral (J, 1, K, L).
Thelength of side |J = 862.299 m

862.299 x sin(63°32'23.6")

Horizontal IK = , =1491.081 m
sin(31°10'47")
Slope IK = _1491.081 =1491.088=m
cos(10'17")
Horizontal KJ — 862:299x Sin(@5°16'49.4") _ o0 g0g 1

sin(31°10'47")
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_ 1659.909
cos(15'43")

862.299 x sin(59°01'49.6")
sin(40°39'47.8")

Slope KJ =1659.926 m

Horizontal JL = =1134.678 m

Slope JL = 1134678 =1134.868 m

cos(1°02'53")
862.299 x sin(80°18'22.6")
sin(40°39'47.8")

Slope LI = (1304437 _ 1304.556 m

cos(46'27")

1134.678 x Sin(16°45'59")
sin(29°42'59.8")

Horizonta LI = =1304.437m

Horizonta KL = =660.306 m

*The average of measured length KL (check line) = %0695 = 659.7695m
Slope KL = _ 660306 = 660.426m
cog(1°5'37")

* Calculations Heights of Points (L, K).

* Height of Point L= 966.402+1.66-1304.437*tan 46'27""-1.1=949.336m

* Height of Point K= 966.402+1.66-1491.081*tan 10'17"-1.1= 962.502 m
For Check

* Height of Point L=969.530+1.66-1134.678*tan 1°02'53"'-1.1= 949.332m

* Height of Point K=969.530+1.66-1659.909* tan 15'43"'-1.1= 962.501m

* Average Height of Point L= 949'336*2’ 949-332 _ 949.334m

* Average Height of Point K= 962'502; 962.501 =962.502m
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*Reduction Distancesin Quadrilateral (G, H, I, J) to Mean Sea L evel.

966.402 + 962.502

* Average Height for Distance IK = > =964.452m
*Distance IK at mean sealevel = 1491 081 6378137 =1490.856m
6378137 + 964.452
* Average Height for Distance KJ = 969'530*2’ %62.502 _ 966.016m
* Distance KJ at mean sealevel = S000009x 6378137 _ 0 aram
6378137 + 966.016
* Average Height for Distance JL = 969'530; 949.334 =959.432m
* Distance JL at mean sealevel = 1134.678 < 6378137 =1134.507m
6378137 + 959.432
* Average Height for Distance LI = 949'334; 966.402 =957.868m
* Distance LI at mean sealevel = —oodaSrx 6378137 0 oaim
6378137 + 957.868
* Average Height for Distance LK = 949'334; 962.502 =955.918m
* Distance LK at mean sealevel = 660.306 x 6378137 =660.207m
6378137 + 955.918

* Determination the Grid Distance.

*Grid distance IK=1490.856 x 1.000067 =1490.956m
*Grid distance KJ=1659.658 x 1.000067 =1659.769m
*Grid distance JL=1134.507 x 1.000067 =1134.583m
*Grid distance L1=1304.241x 1.000067 = 1304.328m

*Grid distance LK=660.207 x 1.000067 = 660.251m



GEODETIC NETWORK CHe: Measurement and calculation

* Deter mination the strength of figure

I

Figure 5.10 Fifth Quadrilateral (J,1,K,L)

* Theroute is chosen are triangles (JI K), (I K L).
*(D)=10, (0)=4

D-C 10-4
* D 10

0.6

*Thefirst routeistriangle (JI L), known sideis JI and the side to be calculated isLI.

A=46°+17°=63°
B=41°

B=40°—> A=60°= R=11
B=40°—> A=65°= R=10
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65° — 60° 1110
63° - 60° — (R’ - 10)

5-5-1
3— (R -10)

-3=5R -10)= (R'-10)=-0.6
=R =94

B=45°— A=60°= R=9
B=45°—> A=65°= R=7

65° — 60° —> 7 -9
63° - 60° - (R - 9)

5-5>-2
3> (R-99=R' =78

A=63*—>B=40°=R'=94
A=63°*—>B=45=R'=7.8

45° — 40° —>7.8-9.4
41° - 40° — (R’ - 9.4)

5-5-16
1->(R"-9.4)= R"=9.08

*The second routeistriangle (IKL), known sideis IL and the side to be calculated is
KL.

A=26°
B=61°
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A=26°—>B=60°= R=25
A=26°—>B=65"=R=24

65° — 60° —> 24— 25
61° — 60° — (R’ — 25)

5-5-1
1> (R -25)

~1=5(R - 25)=> R'=24.8

* The strength of figure(l, J, L, K) or R" = x (9.08 + 24.8) = 20.33

10-4
1
* This quadrilatera is strong because the value of (R) ismiddle.

+ Calculations Coordinatesfor Points (L, K).

w2 Y. "Y, ,_1158970.972-158268.797 , 1 702.175
ALy =tan <=1 05525451 104022837 1A 500386

AZ , =125°28'28.3'
AZ ., = AZ, -2 IK) =125°28'28.3" ~63°32'23.6" = 61°56'4.76"
AZ, = AZ,-2(1 IK)= Z(K I L) = 61°56/4.76" ~16°45'59" = 45°10'5.76"

YK :YJ + DJK XSi n AZJK
=158268797 + 1659.769x sin61°56'4.76" =159733396

Xk=X,;*+*Dx*xCOSAZ x
=104022.837 + 1659.769 x c0s61°56'4.76" =104803.722

YL :YJ + DJL XS. n AZJL
=158268.797 + 1134.583x sin45°10'5.76" =159073.421

X =Xt De*COSAZ,
=104022.837 +1134.583 x cos45°10'5.76" =104822.749
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CHAPTER SIX

RECOMMENDATIONS AND CONCLUSIONS

6.1 Introduction

After our project had been completed, we have some conclusions and
recommendations through working and problem that have been faced us in the
project.

6.2 Conclusions

Our conclusions are summarized in the following proposals.

1- The control points had been applied on map of Hebron city using (Geographic
Information System) GIS program and the results were very encouraged.

2- The equal shift method that used in calculation was easy and could be
programmed on the computer easily.

3- Themgor figure and strength of figure for the network was found to be good.

4- We had good ideas about establishing geodesy networks using triangulation
method.

5- The fruitful cooperation by the establishments and people had a big role in
locating the control points.
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6.3 Recommendations

Our recommendations are summarized in the following eight proposals.

1- To establish geodetic network points extends to Abu Ktelah region where
Polytechnic buildings.

2- Tointensify geodetic control pointsto include all parts of Hebron city.

3- To establish general geodetic network for Hebron governorate include all towns
and villages, then to establish it for other governorate.

4- Providing the workers in such project many modern and precise types of
equipments like total station, and using means of photogrammetry such as
orthophoto.

5- Increasing number of the workers in geodesy project.

6- To make check on the geodesy network by using developed (Global Positioning
System) GPS devices and other methods of calculations such as least square
solution method.

7- Using Trilateration and Triangulataration methods to establish other control
points.

8- To cooperate with the Palestine Geographic Center and other governmental

establishment to make such control points.
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GEODETIC NETWORK Appendix C
C-1 Datafor theFirst Quadrilateral (A, B, C, D)
A
Figure C-1 Quadrilatera (A,B,C,D)
Stationl: Mosque (D)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
A 00 00 00 9153 32 B 00 0000 9154 38
B 19 46 08 91 54 38 A 3401354 915334
A 00 00 00 915334 B 00 0000 91 54 40
B 19 46 04 91 54 40 A 340 13 52 9153 32
A 00 00 00 9153 32 B 00 0000 9154 38
B 19 46 06 91 54 38 A 340 13 56 915334
A 00 00 00 915334 B 00 0000 91 54 40
B 19 46 04 91 54 40 A 3401354 9153 32
A 00 00 00 9153 32 B 00 0000 9154 38
B 19 46 06 91 54 38 A 340 1355 915334
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle

B 0000 00 91 54 40 C 00 0000 93 49 50
C 4252 34 934948 B 317 07 26 9154 38
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B 0000 00 9154 38 C 00 0000 0349 48
C 42 52 32 93 49 50 B 31707 24 9154 40
B 0000 00 91 54 40 C 00 0000 93 49 50
C 4252 34 934948 B 317 07 22 91 54 38
B 00 00 00 9154 38 S 00 0000 934948
C 4252 36 934950 B 31707 25 91 54 40
B 00 00 00 91 54 40 S 00 00 00 93 49 50
C 4252 34 934948 B 317 07 24 91 54 38
Station2: Building A (A).
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle

C 00 00 00 91 1959 D 00 00 00 88 06 28
D 492512 88 06 26 C 310 34 48 911957
C 0000 00 911957 D 0000 00 88 06 26
D 492514 88 06 28 C 310 34 46 911959
C 0000 00 91 1959 D 0000 00 88 06 28
D 492512 88 06 26 C 310 34 47 911957
C 0000 00 911957 D 0000 00 88 06 26
D 492513 88 06 28 C 310 34 48 911959
C 00 00 00 91 1959 D 00 00 00 88 06 28
D 492511 88 06 26 C 31034 49 91 06 57

Horizontal Vertica Horizontal Vertica

Station angle. angle Station angle. angle

B 00 00 00 901038 C 00 00 00 911959
C 36 32 46 911957 B 32327 14 901038
B 00 00 00 90 10 40 C 00 00 00 911957
C 36 32 48 91 1959 B 32327 16 901040
B 0000 00 90 10 38 C 0000 00 911959
C 36 32 45 911957 B 3232712 9010 40
B 0000 00 90 10 40 C 0000 00 911957
C 36 32 47 911959 B 32327 16 9010 38
B 0000 00 90 10 38 C 0000 00 911959
C 363244 911957 B 32327 14 901040
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Station3: Building B (B)

Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
C 00 00 00 91 40 49 D 00 00 00 88 05 20
D 51 59 36 88 05 22 C 308 00 24 914051
C 0000 00 914051 D 0000 00 88 05 22
D 51 59 38 88 05 20 C 308 00 22 9140 49
C 0000 00 91 40 49 D 0000 00 88 05 20
D 5159 34 88 05 22 C 308 00 26 914051
C 0000 00 914051 D 0000 00 88 05 22
D 5159 34 88 05 20 C 308 00 23 9140 49
C 00 00 00 91 40 49 D 00 00 00 88 05 20
D 51 59 38 88 05 22 C 308 00 24 91 40 51
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
D 00 00 00 88 05 22 A 00 00 00 894921
A 741554 894921 D 285 44 06 88 05 22
D 00 00 00 88 05 20 A 00 00 00 8949 23
A 741552 8949 23 D 285 44 08 88 05 20
D 0000 00 88 05 22 A 0000 00 8949 21
A 741554 894921 D 285 44 04 88 05 22
D 0000 00 88 05 20 A 0000 00 89 49 23
A 741553 8949 23 D 285 44 07 88 05 20
D 0000 00 88 05 22 A 0000 00 8949 21
A 741557 894921 D 285 44 05 88 05 22
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Station4: Shareiah School (C)
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle

D 00 00 00 86 10 10 A 00 00 00 88 40 01
A 67 55 58 88 40 01 D 292 04 02 8610 12
D 0000 00 861012 A 0000 00 88 40 03
A 67 55 56 88 40 03 D 292 04 01 8610 10
D 0000 00 86 10 10 A 0000 00 88 40 03
A 67 55 54 88 40 01 D 292 04 03 8610 12
D 0000 00 861012 A 0000 00 88 40 01
A 67 5559 88 40 03 D 292 04 04 8610 10
D 00 00 00 86 10 10 A 00 00 00 88 40 03
A 67 55 57 88 40 01 D 292 04 02 861012

Horizontal Vertica Horizontal Vertica

Station angle. angle Station angle. angle

A 00 00 00 88 40 03 B 00 00 00 881911
B 171142 88 19 09 A 342 48 18 88 40 01
A 00 00 00 88 40 01 B 00 00 00 88 19 09
B 171141 881911 A 342 48 16 88 40 03
A 0000 00 88 40 03 B 0000 00 881911
B 171143 881909 A 342 4815 884001
A 0000 00 88 40 01 B 0000 00 88 19 09
B 171144 881911 A 342 48 19 88 40 03
A 0000 00 88 40 03 B 0000 00 881911
B 171142 881909 A 342 48 20 884001
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C-2 Data for the Second Quadrilateral (C, D, E, F)

Figure C-2 Quadrilateral (C,D,E,F)
Stationl1: the Mosgue (D).

Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
C 00 00 00 934948 E 00 00 00 933132
E 1801 18 933130 C 34158 42 934950
C 00 00 00 93 49 50 E 00 00 00 933130
E 1801 16 933132 C 34158 46 934948
C 0000 00 034948 E 0000 00 933132
E 1801 14 933130 C 34158 44 934950
C 0000 00 93 49 50 E 0000 00 933130
E 180118 933132 C 341 58 42 934948
C 0000 00 0349 48 E 0000 00 933130
E 1801 16 933130 C 341 58 46 934950
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
E 00 00 00 933130 F 00 00 00 92 37 06
F 673214 92 3704 E 292 27 44 933132
E 0000 00 933132 F 0000 00 923704
F 67 32 16 92 37 06 E 292 27 42 933130
E 0000 00 933130 F 0000 00 92 37 06
F 67 32 18 92 3704 E 292 27 40 933132
E 0000 00 933132 F 0000 00 923704
F 67 32 20 92 37 06 E 292 27 44 933130
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E 0000 00 933130 F 0000 00 92 37 06
F 673214 92 3704 E 292 27 42 933132
Station2: Abu-Znad's Building (E)
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
F 000000 89 58 19 D 000000 86 28 30
D 67 55 08 86 28 28 F 292 0452 89 58 19
F 0000 00 89 58 19 D 0000 00 86 28 28
D 67 55 10 86 28 30 F 292 0450 89 58 19
F 0000 00 89 58 19 D 0000 00 86 28 30
D 67 5512 86 28 28 F 292 04 48 89 58 19
F 0000 00 89 58 19 D 000000 86 28 28
D 67 55 08 86 28 30 F 292 04 52 89 58 19
F 000000 89 58 19 D 000000 86 28 30
D 67 55 10 86 28 28 F 292 04 50 89 58 19
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
D 0000 00 86 28 28 C 000000 9049 54
C 771024 9049 52 D 282 49 36 86 28 30
D 0000 00 86 28 30 C 000000 90 49 52
C 771022 90 49 54 D 282 49 38 86 28 28
D 000000 86 28 28 C 000000 9049 54
C 771024 9049 52 D 282 49 40 86 28 30
D 000000 86 28 30 C 000000 90 49 52
C 77 10 20 904954 D 282 49 36 86 28 28
D 000000 86 28 28 C 000000 9049 54
C 771024 90 49 52 D 282 49 38 86 28 30
Station3: Hospital of Handicapped (F).
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
E 0000 00 9001 41 C 0000 00 9012 25
C 06 26 40 9012 25 E 3533320 | 900141
E 0000 00 9001 41 C 0000 00 9012 25
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C 06 26 42 90 12 25 E 3533318 | 900141
E 00 00 00 9001 41 C 00 00 00 90 12 25
C 06 26 40 90 12 25 E 3533316 | 900141
E 0000 00 9001 41 C 0000 00 9012 25
C 06 26 44 9012 25 E 3533320 | 900141
E 0000 00 9001 41 C 0000 00 9012 25
C 06 26 40 901225 E 3533318 | 900141
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
D 0000 00 872254 C 0000 00 9012 25
C 3806 10 9012 25 D 3215346 | 872256
D 00 00 00 87 22 56 C 00 00 00 90 12 25
C 3806 12 90 12 25 D 3215348 | 872254
D 00 00 00 872254 C 00 00 00 90 12 25
C 3806 14 90 12 25 D 3215350 | 872256
D 00 00 00 87 22 56 C 00 00 00 90 12 25
C 3806 10 90 12 25 D 3215346 | 872254
D 00 00 00 872254 C 00 00 00 90 12 25
C 3806 12 9012 25 D 3215348 | 872256
Station4: Shareiah School (C).
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
E 0000 00 89 10 06 F 0000 00 8947 35
F 28 27 44 89 47 35 E 3313218 891008
E 0000 00 89 10 08 F 0000 00 8947 35
F 28 27 46 89 47 35 E 3313216 8910 06
E 0000 00 89 10 06 F 0000 00 8947 35
F 28 27 42 89 47 35 E 3313214 891008
E 00 00 00 89 10 08 F 00 00 00 8947 35
F 28 27 44 89 47 35 E 3313218 8910 06
E 00 00 00 89 10 06 F 00 00 00 8947 35
F 28 27 46 89 47 35
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Horizontal Vertica Horizontal Vertical
Station angle. angle Station angle. angle
F 0000 00 89 47 35 F 0000 00 8947 35
D 56 20 12 86 10 10 D 303 39 46 861012
F 00 00 00 89 47 35 F 00 00 00 8947 35
D 56 20 10 861012 D 303 3948 861010
F 00 00 00 89 47 35 F 00 00 00 8947 35
D 56 20 14 86 10 10 D 3033950 861012
F 00 00 00 89 47 35 F 00 00 00 8947 35
D 56 20 12 861012 D 303 39 46 861010
F 0000 00 89 47 35 F 0000 00 8947 35
D 56 20 10 86 10 10 D 303 39 48 86 10 12
C-3 Datafor the Third Quadrilateral (F, D, H, G)
Figure C-3 Quadrilatera (F,D,G,H)
Stationl: The Mosque (D).
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
H 00 00 00 89 52 40 G 00 00 00 892710
G 40 41 26 892710 H 31918 34 8952 42
H 0000 00 89 52 42 G 0000 00 892712
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G 404124 892712 H 31918 38 89 52 40

H 00 00 00 89 52 40 G 00 00 00 892710

G 4041 22 89 27 10 H 3191834 89 52 42

H 0000 00 89 52 42 G 0000 00 892712

G 404124 892712 H 319 18 36 89 52 40

H 0000 00 89 52 40 G 0000 00 892710

G 40 41 26 892710 H 31918 34 895242

Horizontal Vertica Horizontal Vertica

Station angle. angle Station angle. angle

F 0000 00 923704 G 0000 00 892710

G 822320 892712 F 277 36 40 92 37 06

F 00 00 00 92 37 06 G 00 00 00 892712

G 822322 89 27 10 F 277 36 36 923704

F 00 00 00 923704 G 00 00 00 8927 10

G 822324 892712 F 277 36 40 92 37 06

F 00 00 00 92 37 06 G 00 00 00 892712

G 822322 89 27 10 F 277 36 38 923704

F 00 00 00 923704 G 00 00 00 8927 10

G 822320 892712 F 277 36 40 92 37 06

Station2: Hospital of Handicaps (F)
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle

G 0000 00 87 36 42 H 0000 00 8813 28

H 251944 8813 26 G 3344012 87 36 42
G 0000 00 87 36 44 H 0000 00 8813 26
H 2519 46 881328 G 33440 14 87 36 44
G 0000 00 87 36 42 H 0000 00 8813 28

H 251948 88 13 26 G 33440 16 87 36 42
G 00 00 00 8736 44 H 00 00 00 88 13 26
H 251944 88 13 28 G 3344012 87 36 44
G 00 00 00 8736 44 H 00 00 00 8813 28

H 2519 46 88 13 26 G 33440 12 87 36 42
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Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
H 00 00 00 88 13 26 D 00 00 00 872254
D 2309 22 872254 H 336 50 36 88 13 28
H 00 00 00 88 13 28 D 00 00 00 87 22 56
D 230924 87 22 56 H 336 50 34 88 13 26
H 00 00 00 88 13 26 D 00 00 00 872254
D 2309 26 872254 H 336 50 32 88 13 28
H 00 00 00 88 13 28 D 00 00 00 87 22 56
D 2309 28 87 22 56 H 336 50 36 88 13 26
H 00 00 00 88 13 26 D 00 00 00 872254
D 2309 22 87 2254 H 336 50 34 88 13 28
Station3: AL-Tamimi Complex (H)
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
D 00 00 00 9007 18 F 00 00 00 9146 34
F 334522 91 46 32 D 326 14 38 90 07 20
D 00 00 00 9007 20 F 00 00 00 91 46 32
F 334524 91 46 34 D 326 14 34 9007 18
D 00 00 00 9007 18 F 00 00 00 914634
F 3345 26 91 46 32 D 326 14 38 90 07 20
D 00 00 00 9007 20 F 00 00 00 91 46 32
F 334522 9146 34 D 326 14 36 9007 18
D 00 00 00 9007 18 F 00 00 00 914634
F 334524 91 46 32 D 326 14 38 90 07 20
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
F 00 00 00 9146 32 G 00 00 00 89 50 08
G 60 04 20 89 50 06 F 299 55 38 91 46 34
F 00 00 00 9146 34 G 00 00 00 89 50 06
G 60 04 18 89 50 08 F 299 55 40 91 46 32
F 00 00 00 91 46 32 G 00 00 00 89 50 08
G 60 04 22 89 50 06 F 299 55 42 91 46 34
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F 00 00 00 9146 34 G 00 00 00 89 50 06
G 60 04 20 8950 08 F 299 55 38 91 46 32
F 00 00 00 91 46 32 G 00 00 00 89 50 08
G 60 04 18 89 50 06 F 299 55 40 91 46 34
Station4: Natsheh's Building (G)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
H 00 00 00 90 09 52 D 00 00 00 903250
D 45 28 48 90 3248 H 314 31 08 90 09 54
H 00 00 00 9009 54 D 00 00 00 90 3248
D 45 28 50 903250 H 3143110 90 09 52
H 00 00 00 90 09 52 D 00 00 00 903250
D 45 28 46 90 32 48 H 3143114 90 09 54
H 00 00 00 90 09 54 D 00 00 00 90 3248
D 45 28 48 903250 H 3143112 90 09 52
H 00 00 00 90 09 52 D 00 00 00 90 32 50
D 45 28 50 90 3248 H 314 3108 9009 54
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
F 00 00 00 922316 D 00 00 00 90 32 50
D 49 06 38 90 32 48 F 310 53 22 922318
F 00 00 00 922318 D 00 00 00 90 3248
D 49 06 40 903250 F 31053 20 92 23 16
F 00 00 00 922316 D 00 00 00 903250
D 49 06 38 90 3248 F 31053 18 922318
F 00 00 00 922318 D 00 00 00 90 3248
D 49 06 42 903250 F 310 53 22 92 23 16
F 00 00 00 922316 D 00 00 00 90 32 50
D 49 06 38 90 32 48 F 31053 20 922318
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C-4 Datafor the Fourth Quadrilateral (G, H, 1, J)

J

H

Figure C-4 Quadrilateral (G,H,1,J)

Station1: AL-Sharbate' sBuilding (1)

Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
H 0000 00 90 28 22 G 0000 00 8946 10
G 3656 12 89 46 08 H 32303 48 90 28 24
H 0000 00 9028 24 G 0000 00 89 46 08
G 36 56 10 89 46 10 H 3230350 90 28 22
H 00 00 00 90 28 22 G 00 00 00 89 46 10
G 36 56 12 89 46 08 H 3230352 902824
H 00 00 00 90 28 24 G 00 00 00 89 46 08
G 36 56 08 89 46 10 H 3230348 90 28 22
H 00 00 00 90 28 22 G 00 00 00 89 46 10
G 3656 12 89 46 08 H 3230350 9028 24
Horizontal Vertical Horizonta Vertical
Station angle. angle Station angle. angle
G 00 00 00 89 46 08 J 00 00 00 8949 48
J 2301 32 89 49 46 G 336 58 26 8946 10
G 00 00 00 89 46 10 J 00 00 00 89 49 46
J 230134 89 49 48 G 336 58 28 89 46 08
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G 0000 00 89 46 08 J 0000 00 89 49 48
J 2301 32 89 49 46 G 336 58 30 8946 10
G 0000 00 89 46 10 J 0000 00 89 49 46
J 2301 30 89 49 48 G 336 58 26 89 46 08
G 00 00 00 89 46 08 J 00 00 00 8949 48
J 2301 32 89 49 46 G 336 58 28 8946 10
Station2: Building of Essa Region (J)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
H 00 00 00 90 37 20 G 00 00 00 894818
G 7555 18 89 48 16 H 28404 42 9037 22
H 00 00 00 90 37 22 G 0000 00 8948 16
G 755516 894818 H 284 04 44 90 37 20
H 0000 00 90 37 20 G 0000 00 894818
G 755520 8948 16 H 284 04 42 90 37 22
H 0000 00 90 37 22 G 0000 00 8948 16
G 755518 894818 H 284 04 44 90 37 20
H 0000 00 90 37 20 G 0000 00 894818
G 755516 8948 16 H 284 04 42 90 37 22
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
H 00 00 00 903720 [ 00 00 00 9010 14
I 4545 22 901012 H 314 14 36 9037 22
H 00 00 00 90 37 22 [ 00 00 00 901012
I 454520 901014 H 314 14 40 9037 20
H 00 00 00 903720 [ 00 00 00 9010 14
I 4545 22 901012 H 314 14 38 9037 22
H 0000 00 90 37 22 [ 0000 00 901012
I 45 45 24 9010 14 H 314 14 36 90 37 20
H 0000 00 90 37 20 [ 0000 00 901014
I 45 45 22 901012 H 314 14 40 90 37 22
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Station3: AL-Tamimi Complex (H)

Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
J 00 00 00 89 22 38 G 00 00 00 89 50 08
G 41 47 30 89 50 06 J 318 12 28 89 22 40
J 00 00 00 8922 40 G 00 00 00 89 50 06
G 41 47 28 8950 08 J 31812 32 89 22 38
J 00 00 00 89 22 38 G 00 00 00 89 50 08
G 41 47 30 89 50 06 J 31812 30 89 22 40
J 00 00 00 892240 G 00 00 00 89 50 06
G 4147 32 8950 08 J 318 12 28 89 22 38
J 00 00 00 89 22 38 G 00 00 00 89 50 08
G 4147 30 89 50 06 J 31812 32 89 22 40
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
J 00 00 00 89 22 38 I 00 00 00 893138
I 7416 56 8931 36 J 2854304 89 22 40
J 00 00 00 89 22 40 I 00 00 00 89 31 36
I 7416 54 8931 38 J 285 43 06 89 22 38
J 00 00 00 89 22 38 I 00 00 00 8931 38
[ 7416 52 8931 36 J 2854304 89 22 40
J 00 00 00 892240 I 00 00 00 89 31 36
[ 7416 54 8931 38 J 285 43 06 89 22 38
J 00 00 00 89 22 38 I 00 00 00 8931 38
[ 7416 56 8931 36 J 2854304 89 22 40
Station4: Natsheh's Building (G)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
J 00 00 00 901142 I 00 00 00 901352
I 351752 90 13 50 J 324 42 04 901144
J 00 00 00 901144 [ 00 00 00 901350
I 351754 901352 J 324 42 06 901142
J 00 00 00 901142 [ 00 00 00 901352
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I 351756 901350 J 324 42 02 901144
J 00 00 00 901144 [ 00 00 00 90 13 50
I 351758 901352 J 324 42 04 901142
J 0000 00 901142 [ 0000 00 90 1352
I 351752 90 13 50 J 324 42 06 901144
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
I 0000 00 901350 H 0000 00 9009 54
H 2659 14 90 09 52 [ 3330048 90 1352
I 0000 00 901352 H 0000 00 90 09 52
H 2659 12 90 09 54 [ 3330050 90 13 50
I 00 00 00 901350 H 00 00 00 9009 54
H 26 59 16 90 09 52 I 3330048 90 1352
I 00 00 00 901352 H 00 00 00 90 09 52
H 2659 10 9009 54 [ 3330044 90 13 50
I 00 00 00 901350 H 00 00 00 9009 54
H 2659 14 90 09 52 [ 3330048 90 1352

C-5 Datafor theFifth Quadrilateral (J, 1, K, L).

Figure C-5 Quadrilateral (J,1,K,L)
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Stationl: AL-Moqgata'a (L)
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
K 000000 88 54 22 I 000000 891334
I 925124 891332 K 265 08 36 88 54 22
K 00 00 00 88 54 24 I 00 00 00 891332
I 9251 26 891334 K 265 08 38 8854 24
K 00 00 00 88 54 22 I 00 00 00 891334
I 925122 891332 K 265 08 34 88 54 22
K 00 00 00 8854 24 I 00 00 00 891332
I 925124 891334 K 265 08 36 8854 24
K 000000 88 54 22 I 000000 891334
I 9251 26 891332 K 265 08 38 88 54 22
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
I 00 00 00 891332 J 00 00 00 88 57 08
J 403940 88 57 06 I 31920 20 891334
I 00 00 00 891334 J 00 00 00 88 57 06
J 40 39 42 88 57 08 I 319 20 22 891332
I 000000 891332 J 00 00 00 88 57 08
J 40 39 40 88 57 06 I 3192018 891334
I 000000 891334 J 00 00 00 88 57 06
J 40 39 38 88 57 08 I 319 20 20 891332
I 000000 891332 J 0000 00 88 57 08
J 40 39 40 88 57 06 I 319 20 22 891334
Station2: Building of Nimra Region (K)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
I 00 00 00 8949 42 J 00 00 00 8944 18
J 31 10 56 8944 16 I 328 49 02 8949 44
I 000000 894944 J 0000 00 894416
J 311058 8944 18 I 3284904 8949 42
I 000000 89 49 42 J 000000 894418
J 31 10 56 8944 16 I 328 49 02 8949 44
I 0000 00 894944 J 00 00 00 8944 16
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J 311058 894418 I 32849 04 8949 42
I 000000 89 49 42 J 000000 894418
J 311056 8944 16 I 328 49 02 894944
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
J 000000 8944 16 L 000000 9105 38
L 29 42 56 91 05 36 J 3301702 8944 18
J 000000 894418 L 0000 00 91 05 36
L 2942 58 91 05 38 J 3301704 8944 16
J 0000 00 8944 16 L 0000 00 9105 38
L 2942 54 91 05 36 J 330 17 06 894418
J 000000 894418 L 000000 9105 36
L 29 42 56 9105 38 J 3301702 8944 16
J 000000 89 44 16 L 000000 9105 38
L 29 42 58 91 05 36 J 33017 06 894418
Station3: AL-Sharbate's Building (1)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle
J 000000 89 49 46 L 000000 90 46 28
L 590154 90 46 26 J 30058 04 89 49 48
J 000000 89 49 48 L 000000 90 46 26
L 5901 56 90 46 28 J 300 58 06 89 49 46
J 0000 00 89 49 46 L 0000 00 90 46 28
L 5901 54 90 46 26 J 30058 04 894948
J 0000 00 8949 48 L 0000 00 90 46 26
L 5901 56 90 46 28 J 300 58 06 89 49 46
J 0000 00 89 49 46 L 0000 00 90 46 28
L 590154 90 46 26 J 30058 04 89 49 48
Horizontal Vertical Horizontal Vertical
Station angle. angle Station angle. angle
L 0000 00 90 46 26 K 000000 901018
K 2614 54 9010 16 L 3334504 90 46 28
L 0000 00 90 46 28 K 000000 901016
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K 26 14 56 901018 L 3334502 90 46 26
L 000000 90 46 26 K 00 00 00 9010 18
K 261458 901016 L 3334506 90 46 28
L 00 00 00 90 46 28 K 00 00 00 9010 16
K 26 14 54 901018 L 3334504 90 46 26
L 00 00 00 90 46 26 K 00 00 00 9010 18
K 26 14 56 901016 L 3334502 90 46 28
Station4: Building of Essa Region (J)
Horizontal Vertica Horizontal Vertica
Station angle. angle Station angle. angle

L 00 00 00 9102 52 K 00 00 00 901544
K 16 46 58 9015 42 L 343 13 06 91 02 54
L 000000 9102 54 K 00 00 00 901542
K 16 46 56 9015 44 L 3431302 91 02 52
L 00 00 00 9102 52 K 00 00 00 901544
K 16 46 56 901542 L 343130 910254
L 000000 91 02 54 K 00 00 00 901542
K 16 46 56 9015 44 L 343130 910252
L 00 00 00 910252 K 00 00 00 901544
K 16 46 54 9015 42 L 343 13 06 91 02 54

Horizontal Vertica Horizontal Vertica

Station angle. angle Station angle. angle

K 00 00 00 9015 42 I 00 00 00 9010 14
I 623114 901012 K 297 27 42 901544
K 000000 90 15 44 I 00 00 00 901012
I 62 31 16 901014 K 297 27 44 901542
K 00 00 00 9015 42 I 00 00 00 9010 14
I 623112 901012 K| 2972742 901544
K 00 00 00 9015 44 I 00 00 00 901012
I 62 31 14 9010 14 K 297 27 46 901542
K 00 00 00 901542 I 00 00 00 9010 14
I 62 31 16 901012 K 297 27 48 901544
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“Skat. Frol Couscten: ecacc Comecion Thec Comscion Srd

Private Sub Commandl_Click()
Dims, sl, s2, s3, 4, S5, 6, s7, s8, e As Double

sl =Va(Textl.Text) + Val(Text2.Text) / 60 + Val(Text3.Text) / 3600
s2 = Val(Text4.Text) + Val(Text5.Text) / 60 + Val(Text6.Text) / 3600
s3=Val(Text7.Text) + Val(Text8.Text) / 60 + Val(Text9.Text) / 3600
A = Val(Text10.Text) + Val (Text11.Text) / 60 + Val (Text12.Text) / 3600
s5 =Val(Text1l3.Text) + Val(Textl4.Text) / 60 + Val (Text15.Text) / 3600
s6 = Val(Text16.Text) + Val (Text17.Text) / 60 + Val (Text18.Text) / 3600
s7 =Va(Text19.Text) + Val(Text20.Text) / 60 + Val (Text21.Text) / 3600
s8 =Va(Text22.Text) + Val(Text23.Text) / 60 + Val (Text24.Text) / 3600

S=81+2+sS3+A+s5+6+S7+58

e=360-s

sl=(sl+(e/8))
2=(s2+ (el 8))
s3=(s3+(e/ 8))
A=(sA+ (el 8))
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s5=(sb + (e/ 8))
6 =(s6 + (e/ 8))
s7=(s7 + (el 8))
s8=(s8+ (e/8))

d1 = Fix(sl)
al = (sl - d1) * 60)
m1 = Fix(al)
sl = ((al - m1) * 60)

sl = Format(sl, "##.00")

d2 = Fix(s2)

a2 = ((s2 - d2) * 60)
m2 = Fix(a2)

2 = ((a2 - m2) * 60)

s2 = Format(s2, "##.00")

d3 = Fix(s3)
a3 = ((s3 - d3) * 60)
m3 = Fix(a3)
$3=((a3 - m3) * 60)

s3 = Format(s3, "##.00")

d4 = Fix(s4)
ad = ((s4-d4) * 60)
m4 = Fix(ad)
A =((ad4 - md) * 60)

4 = Format(s4, "##.00")

d5 = Fix(s5)
a5 = ((s5 - db5) * 60)
m5 = Fix(a5)
s5 = ((a5 - m5) * 60)

S5 = Format(s5, "##.00")

d6 = Fix (s6)
ab = ((s6 - d6) * 60)
m6 = Fix (ab)
s6 = ((a6 - m6) * 60)

s6 = Format(s6, "##.00")

d7 =Fix (s7)
a7 = ((s7 - d7) * 60)
m7 = Fix (a7)
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s7 =((a7 - m7) * 60)
s7 = Format (s7, "##.00")

d8 = Fix (s8)

a8 = ((s8 - d8) * 60)

m8 = Fix(a8)

s8=((a8- m8) * 60)

S8 = Format(s8, "##.00")

Textl. Text=dl
Text2.Text =ml
Text3.Text =sl
Textd.Text = d2
Text5. Text = m2
Texte.Text =s2
Text7.Text =d3
Text8.Text =m3
Text9.Text =s3
Text10.Text = d4
Textll.Text = m4
Textl2.Text=+4
Textl3.Text =d5
Textl4.Text =mb5
Text15.Text =55
Text16.Text = d6
Textl7.Text =m6
Text18.Text =s6
Text19.Text =d7
Text20.Text = m7
Text21.Text =s7
Text22.Text = d8
Text23.Text =m8
Text24.Text = s8

End Sub
Private Sub Command2_Click()
Form2.Visible= True
Forml1.Visible = False

End Sub
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Private Sub Form_Load()

Dim sl, 82, S3, #4, s5, s6, s7, S8, e As Double
Dimr, rl,r2, c, cl, c2 AsDouble
Textl.Text = Forml.Textl. Text
Text2.Text = Forml.Text2. Text
Text3.Text = Forml.Text3.Text
Text4. Text = Forml.Text4. Text
Text5.Text = Forml.Text5. Text
Text6.Text = Form1.Text6.Text
Text7.Text = Forml.Text7.Text
Text8.Text = Form1.Text8.Text
Text9.Text = Forml.Text9.Text
Text10.Text = Form1.Text10.Text
Textll.Text = Forml.Text11l.Text
Text12.Text = Forml.Text12. Text
Text13.Text = Forml.Text13.Text
Textl4. Text = Forml.Text14. Text
Textl15.Text = Form1.Text15.Text
Text16.Text = Form1.Text16.Text
Textl7.Text = Forml.Text17.Text
Text18.Text = Form1.Text18.Text
Text19.Text = Form1.Text19.Text
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Text20.Text = Form1.Text20.Text
Text21.Text = Form1l.Text21.Text
Text22.Text = Forml.Text22. Text
Text23.Text = Form1l.Text23.Text
Text24.Text = Forml.Text24.Text

sl = (Textl.Text) + (Text2.Text / 60) + (Text3.Text / 3600)

s2 = (Text4.Text) + (Text5.Text / 60) + (Text6.Text / 3600)

S3 = (Text7.Text) + (Text8.Text / 60) + (Text9.Text / 3600)

A = (Text10.Text) + (Textl1l.Text / 60) + (Text12.Text / 3600)
sb = (Text13.Text) + (Textl4.Text / 60) + (Text15.Text / 3600)
s6 = (Text16.Text) + (Textl7.Text / 60) + (Text18.Text / 3600)
s7 = ((Text19.Text) + (Text20.Text / 60) + (Text21.Text / 3600))
S8 = (Text22.Text) + (Text23.Text / 60) + (Text24.Text / 3600)

End Sub
Private Sub Commandl_Click()

Dim sl, s2, s3, 4, s5, s6, s7, S8, e As Double
Dimr,rl, r2, c, cl, c2 AsDouble
Textl. Text = Forml.Textl. Text
Text2.Text = Forml.Text2. Text
Text3.Text = Form1l.Text3.Text
Textd. Text = Forml.Text4. Text
Texth. Text = Form1.Textb.Text
Text6.Text = Forml.Text6.Text
Text7.Text = Forml.Text7.Text
Text8.Text = Forml.Text8.Text
Text9.Text = Form1.Text9.Text
Text10.Text = Form1.Text10.Text
Textll. Text = Forml.Textll.Text
Text12.Text = Forml.Text12. Text
Text13.Text = Form1.Text13.Text
Textl4.Text = Forml.Text14.Text
Textl5.Text = Forml.Text15.Text
Text16.Text = Forml.Text16.Text
Textl/. Text = Forml.Textl7.Text
Text18.Text = Forml.Text18.Text
Text19.Text = Form1.Text19.Text
Text20.Text = Form1.Text20.Text
Text21.Text = Form1l.Text21.Text
Text22.Text = Forml.Text22. Text
Text23.Text = Form1.Text23.Text
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Text24. Text = Forml.Text24. Text

sl = (Textl.Text) + (Text2.Text / 60) + (Text3.Text / 3600)

s2 = (Text4.Text) + (Text5.Text / 60) + (Text6.Text / 3600)

S3 = (Text7.Text) + (Text8.Text / 60) + (Text9.Text / 3600)

A = (Text10.Text) + (Textl1l.Text / 60) + (Text12.Text / 3600)
sb = (Text13.Text) + (Textl4.Text / 60) + (Text15.Text / 3600)
s6 = (Text16.Text) + (Text1l7.Text / 60) + (Text18.Text / 3600)
s7 = ((Text19.Text) + (Text20.Text / 60) + (Text21.Text / 3600))
S8 = (Text22.Text) + (Text23.Text / 60) + (Text24.Text / 3600)

rl=sl+s2
r2=s5+s6
r=rl-r2

Ssl=(sl-(r/4))
S2=(s2-(r/4))
s5=(s5+(r/4))
6= (s6+(r/4))

cl=s3+#4
c2=s/+38
c=cl-c2

s3=(s3-(c/4))
A=(s4-(c/ )
s7i=(s7+(c/4+))
s8=(s8+(c/ 4))

dl = Fix(sl)
al=((sl-di)* 60)

ml = Fix(al)

sl =((al - ml) * 60)

sl = Format(sl, "##.00")

d2 = Fix(s2)

a2 =((s2-d2) * 60)

m2 = Fix(a2)

s2 =((a2 - m2) * 60)

s2 = Format(s2, "##.00")

d3 = Fix(s3)
a3 = ((s3 - d3) * 60)
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m3 = Fix(a3)
s3=((a3- m3) * 60)
s3 = Format(s3, "##.00")

d4 = Fix(s4)

ad = ((s4-d4) * 60)

m4 = Fix(ad)

A =((a4 - md) * 60)

4 = Format(s4, "##.00")

d5 = Fix(s5)

ab = ((sb-db) * 60)

m5 = Fix(ab)

s5 = ((ab - m5) * 60)

sb = Format(s5, "##.00")

d6 = Fix(s6)

ab = ((s6 - d6) * 60)

m6 = Fix(ab)

s6 = ((a6 - m6) * 60)

s6 = Format(s6, "##.00")

d7 = Fix(s7)

ar =((s7-d7) * 60)

m7 = Fix(ar)

s7 =((a7 - m7) * 60)

s7 = Format(s7, "##.00")

d8 = Fix(s8)

a8 = ((s8-d8) * 60)

m8 = Fix(a8)

s8 =((a8 - m8) * 60)

s8 = Format(s8, "##.00")

Textl.Text =dl
Text2.Text =ml
Text3.Text =sl
Text4. Text =d2
Texts. Text =m2
Text6. Text = s2
Text7.Text =d3
Text8.Text =m3
Text9.Text =s3
Textl0.Text = d4
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Textll.Text=m4
Textl2.Text=+4

Text1l3.Text =d5
Textl4. Text = mb
Textl5.Text =sb

Textl6.Text = d6

Textl7.Text =mb6
Text18.Text = s6

Text19.Text = d7

Text20.Text = m7
Text21.Text =s7

Text22.Text = d8

Text23.Text =m8
Text24.Text = s8

End Sub

Private Sub Command2_Click()
Form3.Visible= True
Form2.Visible = False

End Sub
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Private Sub Form_Load()
Form3.Textl.Text = Form2.Textl.Text
Form3.Text2. Text = Form2.Text2. Text
Form3.Text3.Text = Form2.Text3.Text
Form3.Text4.Text = Form1.Text4. Text
Form3.Text5.Text = Form2.Text5.Text
Form3.Text6.Text = Form2.Text6.Text
Form3.Text7.Text = Form2.Text7.Text
Form3.Text8.Text = Form2.Text8.Text
Form3.Text9.Text = Form2.Text9.Text
Form3.Text10.Text = Form2.Text10.Text
Form3.Textll.Text = Form2.Text11.Text
Form3.Text12.Text = Form2.Text12. Text
Form3.Text13.Text = Form2.Text13.Text
Form3.Textl4.Text = Form2.Text14. Text
Form3.Text15.Text = Form2.Text15.Text
Form3.Text16.Text = Form2.Text16.Text
Form3.Textl7.Text = Form2.Text17.Text
Form3.Text18.Text = Form2.Text18. Text
Form3.Text19.Text = Form2.Text19.Text
Form3.Text20.Text = Form2.Text20.Text
Form3.Text21.Text = Form2.Text21. Text
Form3.Text22. Text = Form2.Text22. Text
Form3.Text23.Text = Form2.Text23.Text
Form3.Text24. Text = Form2.Text24. Text

sl = Form3.Textl.Text + Form3.Text2.Text / 60 + Form3.Text3.Text / 3600
s2 = Form3.Text4.Text + Form3.Text5.Text / 60 + Form3.Text6.Text / 3600
s3 = Form3.Text7.Text + Form3.Text8.Text / 60 + Form3.Text9.Text / 3600
A4 = Form3.Text10.Text + Form3.Text11.Text / 60 + Form3.Text12.Text / 3600
s5 = Form3.Text13.Text + Form3.Text14.Text / 60 + Form3.Text15.Text / 3600
s6 = Form3.Text16.Text + Form3.Text17.Text / 60 + Form3.Text18.Text / 3600
s7 = Form3.Text19.Text + Form3.Text20.Text / 60 + Form3.Text21.Text / 3600
S8 = Form3.Text22. Text + Form3.Text23.Text / 60 + Form3.Text24.Text / 3600

End Sub

Private Sub Commandl_Click()

Dim s, sl, s2, s3, s4, S5, s6, s7, s8 As Double

DimI1,12,13,14, 15,16, 17,18 As Double

Dim p1, p2, p3, p4, p5, p6, p7, p8 As Double
Dimtl, t2, t3, t4, t5, t6, t7, t8, n, y As Double

Form3.Textl. Text = Form2.Textl. Text



GEODETIC NETWORK

APPENDIX D

Form3.Text2. Text = Form2.Text2. Text
Form3.Text3.Text = Form2.Text3.Text
Form3.Text4.Text = Form1.Text4. Text
Form3.Text5.Text = Form2.Text5.Text
Form3.Text6.Text = Form2.Text6.Text
Form3.Text7.Text = Form2.Text7.Text
Form3.Text8.Text = Form2.Text8.Text
Form3.Text9.Text = Form2.Text9.Text
Form3.Text10.Text = Form2.Text10.Text
Form3.Textll.Text = Form2.Text11.Text
Form3.Text12.Text = Form2.Text12. Text
Form3.Text13.Text = Form2.Text13.Text
Form3.Text14.Text = Form2.Text14. Text
Form3.Text15.Text = Form2.Text15.Text
Form3.Text16.Text = Form2.Text16.Text
Form3.Textl7.Text = Form2.Text17.Text
Form3.Text18.Text = Form2.Text18. Text
Form3.Text19.Text = Form2.Text19.Text
Form3.Text20.Text = Form2.Text20.Text
Form3.Text21.Text = Form2.Text21. Text
Form3.Text22. Text = Form2.Text22. Text
Form3.Text23.Text = Form2.Text23.Text
Form3.Text24. Text = Form2.Text24. Text

sl = Form3.Textl.Text + Form3.Text2.Text / 60 + Form3.Text3.Text / 3600
s2 = Form3.Text4.Text + Form3.Text5.Text / 60 + Form3.Text6.Text / 3600
s3 = Form3.Text7.Text + Form3.Text8.Text / 60 + Form3.Text9.Text / 3600
A4 = Form3.Text10.Text + Form3.Text11.Text / 60 + Form3.Text12.Text / 3600
s5 = Form3.Text13.Text + Form3.Text14.Text / 60 + Form3.Text15.Text / 3600
6 = Form3.Text16.Text + Form3.Text17.Text / 60 + Form3.Text18.Text / 3600
s7 = Form3.Text19.Text + Form3.Text20.Text / 60 + Form3.Text21.Text / 3600
S8 = Form3.Text22. Text + Form3.Text23.Text / 60 + Form3.Text24.Text / 3600

11=((Log(Sin(sL* (22/ (180 * 7))))))
12 = ((Log(Sin(s2 * (22/ (180 * 7))))))
13=((Log(SIN(s3* (22/ (180 * 7))))))
14 = ((Log(Sin(s4 * (22/ (180 * 7))))))
I5=((Log(Sin(s5* (22/ (180 * 7))))))
16 = ((Log(Sin(s6 * (22/ (180 * 7))))))
17 = ((Log(Sin(s7 * (22/ (180 * 7))))))
18 = ((Log(Sin(sB * (22/ (180 * 7))))))

[d=11+I13+I5+17
le=I12+14+16+18
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l=1d-le
| = Format(l, "#.000000")

pl=sl+ (10/ 3600)
p2 = s2 + (10 / 3600)
p3 =s3 + (10 / 3600)
p4 = s4 + (10 / 3600)
p5 = s5 + (10 / 3600)
p6 = s6 + (10 / 3600)
p7 = s7 + (10 / 3600)
p8 = s8 + (10 / 3600)

t1=((Log(Sin(pl* (22/ (180 * 7)))))
t2 = ((Log(Sin(p2 * (22/ (180 * 7))))))
t3=((Log(Sin(p3* (22/ (180 * 7))))))
t4 = ((Log(Sin(p4 * (22/ (180 * 7))))))
t5=((Log(Sin(p5* (22/ (180 * 7))))))
t6 = ((Log(Sin(p6 * (22/ (180 * 7))))))
t7 = ((Log(Sin(p7 * (22/ (180 * 7))))))
t8 = ((Log(Sin(p8 * (22/ (180 * 7))))))

n=(t1-11) + (t2-12) + (t3-13) + (t4-14) + (t5-15) + (t6 - 16) + (t7 - 17) + (18 - II8)
y=(1* 10/ (3600 * n))

y = Format(y, "#.000000")

sl=(sl+y)

2=(s2+Y)

S3=(s3+Y)

A=(sA+y)

5=(s5+Y)

6=(s6+Y)

s’ =(s7 +y)

s8=(sB+Yy)

d1 = Fix(sl)

al =((sl-di) * 60)

m1 = Fix(al)

sl =((al- ml) * 60)

sl = Format(sl, "##.00")
d2 = Fix(s2)

a2 =((s2-d2)* 60)

m2 = Fix(a2)

s2 =((a2 - m2) * 60)

S2 = Format(s2, "##.00")
d3 = Fix(s3)



GEODETIC NETWORK APPENDIX D

a3 =((s3-d3) * 60)

m3 = Fix(a3)

s3=((a3- m3) * 60)

s3 = Format(s3, "##.00")
d4 = Fix(s4)

a4 = ((s4 - d4) * 60(

m4 = Fix(a4)

A = ((a4 - m4) * 60)

A = Format(s4, "##.00")
d5 = Fix(s5)

ab = ((s5 - d5) * 60)

m5 = Fix(a5)

s5 = ((a5 - m5) * 60)

sb = Format(sb, "##.00")
d6 = Fix(s6)

ab = ((s6 - d6) * 60)

m6 = Fix(ab)

s6 = ((a6 - m6) * 60)

s6 = Format(s6, "##.00")

d7 = Fix(s7)

ar = ((s7-d7) * 60)

m7 = Fix(ar)

s7 =((ar - m7) * 60)

s7 = Format(s7, "##.00")
d8 = Fix(s8)

a8 = ((s8- d8) * 60)

m8 = Fix(a8)

s8 = ((a8 - m8) * 60)

S8 = Format(s8, "##.00 ")

Textl. Text =dl
Text2.Text =ml
Text3.Text =sl
Textd.Text = d2
Text5. Text = m2
Texte.Text =s2
Text7.Text =d3
Text8.Text =m3
Text9.Text =s3
Text10.Text = d4
Textll.Text = m4
Textl2.Text=+4
Textl3.Text =d5
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Textl4.Text =mb5
Text15.Text =55
Text16.Text = d6
Textl7.Text =m6
Text18.Text =s6
Text19.Text =d7
Text20.Text = m7
Text21.Text =s7
Text22.Text = d8
Text23.Text =m8
Text24.Text = s8

End Sub

Private Sub Command2_Click()
Forml.Visible = True
Forml.Visible= Fase
Forml.Textl.Text"" =
Forml.Text2.Text"" =
Forml.Text3.Text"" =
Forml.Text4. Text"" =
Forml.Textb. Text"" =
Forml.Text6. Text"" =
Forml.Text7. Text"" =
Forml.Text8. Text"" =
Forml.Text9.Text"" =
Form1.Text10.Text"" =
Forml.Textll.Text"" =
Forml.Textl2. Text"" =
Forml.Textl3.Text"" =
Forml.Textl4.Text"" =
Forml.Textl5.Text"" =
Forml.Textl6. Text"" =
Forml.Textl/. Text"" =
Forml.Text18.Text"" =
Forml.Text19.Text"" =
Forml1.Text20. Text"" =
Forml.Text2l. Text"" =
Forml.Text22. Text"" =
Forml.Text23.Text"" =
Forml.Text24. Text"" =

End Sub
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Private Sub Command3_Click()
End
End Sub
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Angl Observed | 1% 1% corr'd 1+2=5+6 | 2™ | 2" corrd Sin odd Cotodd | Sinevenangles | Cotevenangles | 3 [Fina corr'd angle
e anglw Corr'n angle 3+4=7+8 |Corr'n angle Angles angles sum product sum Corr'n
No product
1|50 42 27| -1 |50 42 26 +1 | 50 42 27| 0.773923 | 0.8182703 +1 50 42 28
117 30 19
2|66 47 54| -1 |66 47 53 +1 |66 47 54 X + 0.919124 0.4286344 -1 66 47 53
3141 24 32| -1 |41 24 31 +2 |41 24 33| 0.661432 | 1.1339115 X + +1 |41 24 34
62 29 36
4121 05 06| -1 |21 05 05 +1 |21 05 06 X + 0.359753 2.593582.9 -1 21 05 05
5|74 13 36| -1 |74 13 35 -1 |74 13 34| 0.962342 | 0.2824794 X + +1 74 13 35
117 30 23
643 16 49| -1 |43 16 48 -1 143 16 47 X + 0.685561 1.061927.3 -1 43 16 46
7118 36 14| -1 |18 36 13 -1 |18 36 12| 0.319014 | 2.9708676 X + +1 18 36 13
62 29 42
843 53 30| -1 |43 53 29 -2 |43 53 27 0.693287 1.039486.9 -1 43 53 26
> |360 00 g -8 (360 00 00 36C 00 00 | 0.1571528 | 5.2055288 0.1571584 5.1236315 360 00 00
A B C D

Table 4.6 Adjustment of braced quadrilateral by equal shift

3rd correction =

206265(A—C)

AB +CD

07 =1"

If A > C then add to even angles and subtract from odd angles and vice versa
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