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Weekly Subjects and Related Preparation Studies

1
The concept of engineering surveying, 

general principles, application areas
Lecture Notes

2

Processing of engineering measurement 

data, error calculation and accuracy 

criterion in engineering measurements

Lecture Notes

3
Measurement, mapping and projecting 

studies for engineering projects
Lecture Notes

4
Geodetic measurements in engineering 

constructions
Lecture Notes

5
Stake out, relievo and control 

measurements
Lecture Notes

6 Line-route survey and calculations Lecture Notes

7
Line and route stake out ve relievo

measurements
Lecture Notes

8 Survey for cadastral and zoning activities Lecture Notes

9 Midterm 1

10 Technical infrastructure surveys Lecture Notes

11
Underground (mine, tunnel, subway vb) 

surveys
Lecture Notes

12 Midterm Exam 2, Hydrographic survey Lecture Notes

13 Control and deformation surveys Lecture Notes

14 Industrial survey Lecture Notes

15 Final
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Course Objectives

The evaluation of measurements for basic

engineering applications in various fields, the

identification of surveying engineering in

structures and roads, the teaching of

calculations and operations related to design,

surveying and stake-out applications

3



The concept of engineering surveying, general 
principles, application areas Week_1
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• It is the description of such surface shapes and features
(especially their depiction in maps).

• The topography of an area could also mean the surface
shape and features themselves.

Topographic Map
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What is Engineering Surveying?
Engineering surveying involves:

 Investigating land, using measurement tools and geographic knowledge, to work out
the best position to build bridges, tunnels and roads etc.

 Producing up-to-date plans which form the basis for the design of a project

 Setting out a site, so the structure is built in the correct location to the specified
parameters

 Monitoring the construction process to make sure that the structure remains in the
right position and recording the final built position

 Providing control points by which the future movement of structures such as bridges
and dams can be monitored
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…

Today, surveying expands beyond traditional surveying and uses many different methods for
collecting spatial data about the Earth and its environment. This data is processed in various
formats and are also presented in an assortment of media. Contemporary surveying is now a
part of Geomatics or Geoinformatics.
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Engineering Survey: 

To collect requisite data for planning, design and execution of engineering projects. 

Three broad steps are;

1. Reconnaissance survey: To explore site conditions and availability of infrastructures.

2. Preliminary survey: To collect adequate data to prepare plan/ map of area to be used for
planning and design.

3. Location survey: To set out work on the ground for actual construction /execution of the
project.
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Route survey: 

To plan, design, and laying out of route such as highways, railways, canals, 
pipelines, and other linear projects.
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Construction surveys: 

Surveys which are required for establishment of points, lines, grades, and 
for staking out engineering works (after the plans have been prepared and 

the structural design has been done).
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Astronomic Surveys: 

To determine the latitude, longitude (of the observation station) and 
azimuth (of a line through observation station) from astronomical 

observation.
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Mine surveys: 

To carry out surveying specific for opencast and underground mining purposes.
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Photogrammetric Surveys

Made to utilize the principle of aerial photogrammetry, in which 

measurements made on photographs are used to determine the 

positions of photographed objects.
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Hydrographic Surveys

The surveys of bodies of water made for the purpose of navigation, 

water supply, or subaqueous  construction.
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Satellite Surveys

They include the determination of ground locations from measurements 

made to satellites using GPS receivers, or the use of satellite images for 

mapping and monitoring large region of the earth.
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UNITS of LENGTH
The basic unit of length is meter and represented as m.
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UNITS of AREA

SI-unit of AREA is equal to 1 squaremeter and represented as m2.
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UNITS of VOLUME
The unit of volume is cubic meter and represented as m3.

Conversion 

1 m3 1000 dm3

1 dm3 1000 cm3

1 cm3 1000 mm3

1 lt=1 dm3 1000 cm3
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Units of Angular Measures

What is an angle: An angle is a combination of two rays (half-lines) with 
a common endpoint. The latter is known as the vertex of the angle and 
the rays as the sides, sometimes as the legs and sometimes the arms of 
the angle.
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UNITS of ANGULAR MEASUREMENTS

1 Degree 10 60 minutes 3600 second

1 Minute 1 ' 1/60 degree 60 seconds

1 Second 1 " 1/360 degree 1/60 minute

1- Degree: A degree usually denoted by ° (the degree symbol), is a 

measurement of plane angle, representing 1⁄360 of a full rotation.

1° = 60'= 3600" 1' = 60" 
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UNITS of ANGLE

2-Gradian (Grad/ Gon): The gradian is a unit of plane angle, 
equivalent to 1⁄400 of a turn. 

A grad is defined as 1/400 of a circle. 

A grad is dividing into 100 centigrad, centigrad into 100 centicentigrad.

Grad  is represented by  the symbol (g) , centigrad by (c) , centicentigrad
by (cc)

1 g Grad 100 centigrad 100 c

1 c Centigrad 100 centicentigrad 100 cc

1 cc Centicentigrad 0.0001 grad

58 g 62 c 73 cc = 58g 62,73 c = 58,6273 g
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3-Radian: The radian is the standard unit of angular measure, used in
many areas of mathematics. An angle's measurement in radians is
numerically equal to the length of a corresponding arc of a unit circle,
one radian is just under 57.3 degrees (when the arc length is equal to
the radius).

UNITS OF ANGLE
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CONVERSION BETWEEN ANGULAR 
UNITS

Conversion of units is the conversion between different units of 
measurement for the same quantity, typically through 
multiplicative conversion factors.
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Engineering Surveying

Processing of engineering measurement data, error 
calculation and accuracy criterion in engineering 

measurements – Week_2

Deformation Measurements on Dams Engineering Measurements on Highways Deformation Measurements on Tunnels
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GEOMETRIC PARAMETERS

Engineering Surveying

Distances
– Slope (SD)
– Horizontal (HD)
– Vertical (VD)

Directions & angles
– Horizontal (HA)
– Vertical (VA)
– Zenital (ZA)

Positions
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MEASUREMENT INSTRUMENTS

Engineering Surveying 32



MULTI SENSOR SYSTEMS

Engineering Surveying 33



PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

G3RS A

RSB

Dh1

Dh2

G2
Dh3

Dhi

DH

G1

SA
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

Geodetic Fundamental Computations

Easting, Northing, Elevation
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

Uses measurements from 4+ satellites
Distance = travel time x speed of light
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

Determining the Position
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

GPS errors include:
◦ Satellite errors

◦ Receiver errors

◦ Signal propagation errors

Various schemes can be employed to reduce or even
eliminate these errors
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

Accuracy ~ 10 mAbsolute Positioning
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

BA

Relative Positioning

The position of Rover ‘B’ can be determine 
in relation to Reference ‘A’ provided

Coordinates of ‘A’ is known

Simultaneous GPS observations
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PROCESSING THE ENGINEERING MEASUREMENT DATA

Engineering Surveying

TUSAGA-ACTIVE
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MEASUREMENT ERRORS

Engineering Surveying

Any measurement made with a measuring device is approximate.
If you measure the same object two different times, the two measurements may not be
exactly the same. The difference between two measurements is called a variation in the
measurements.

Another word for this variation - or uncertainty in measurement - is "error." This "error" is
not the same as a "mistake." It does not mean that you got the wrong answer.

The error in measurement is a mathematical way to show the uncertainty in the
measurement. It is the difference between the result of the measurement and the true value
of what you were measuring.

Errors in Measurement
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MEASUREMENT ERRORS

Engineering Surveying

MEASUREMENT ERROR

Difference between the actual value of a quantity and the value obtained by 
a measurement.

εi = yi – μ
εi = the error an observation
yi = the observed value
μ = the true value

True value: a quantity’s theoretically correct or exact value.
(True value can never be determined!)
True value is the simply the population’s arithmetic mean if all repeated
measurements have equal precision.

• no observation is exact
• every observation contain error
• the true value of an observation is never known
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MEASUREMENT ERRORS

Engineering Surveying

Sources of Error

Instrumental
Errors

Personal Errors Natural Errors

Sources of Error
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MEASUREMENT ERRORS

Engineering Surveying

Instrumental Errors

Instrument error refers to the combined accuracy and precision of a measuring 
instrument, or the difference between the actual value and the value indicated by 
the instrument.
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MEASUREMENT ERRORS

Engineering Surveying

Personal Errors

Personal errors arise principally from limitation of the human senses. As an 

example; a small error occurs in the observed value of a horizontal angle if 
the vertical crosshair in a theodolite is not aligned perfectly on the target. 
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MEASUREMENT ERRORS

Engineering Surveying

Natural Errors

Natural errors are caused by variations in wind, temperature, humidity, 

atmospheric pressure, atmospheric refraction, etc. 

An example is a steel tape whose length varies with the changes in 
temperature..
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MEASUREMENT ERRORS

Engineering Surveying

Types of Error

Systematic Error Random Error Mistake (Blunder)

Types of Error
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MEASUREMENT ERRORS

Engineering Surveying

Systematic Error

Systematic error is a type of error that deviates by a 
fixed amount from the true value of measurement.

Systematic errors in experimental observations usually come from 
the measuring instruments. They may occur because:
- there is something wrong with the instrument or its data 
handling system, or
- because the instrument is wrongly used by the experimenter.

Two types of systematic error can occur with instruments having a linear response:
1. Offset or zero setting error.
2. Multiplier or scale factor error
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MEASUREMENT ERRORS

Engineering Surveying

Correcting Systematic Errors

Because systematic errors are caused by the physics of the measurement system, they can 
be mathematically modeled and corrections computed to offset these
errors. 

For example temperature correction for a steel tape:

Where k is a constant:, (6.45x10-6 for degrees Fahrenheit) ; Tm is the temperature of the 
tape; Ts is the standard temperature; and L is the uncorrected length measured. If the 
temperature is above standard, then the tape is too long, and a measured distance will 
be too short.
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MEASUREMENT ERRORS

Engineering Surveying

Correcting Systematic Errors

Total Station EDM Corrections for Systematic Errors

• The EDM (Electronic Distance Measurement) part of a total station 
measures distances using light waves. The velocity of light in air 
varies according to the air density. If the operator enters air 
temperature and pressure, the systematic error caused by this 
variation is corrected by most total stations. 

• If the survey not at sea level, using sea level pressure introduces a 
systematic error. This error, of course, increases with elevation. 
Ignoring the correction at an elevation of 900 feet causes a distance 
error of about 10 ppm (parts per million).
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MEASUREMENT ERRORS

Engineering Surveying

Random Error

Random errors in experimental measurements are caused by unknown and 
unpredictable changes in the experiment. These changes may occur in the 
measuring instruments or in the environmental conditions.

Examples of causes of random errors are:
- electronic noise in the circuit of an electrical instrument,
- irregular changes in the heat loss rate from a solar collector due to changes 
in the wind.

Random errors often have a Gaussian normal distribution. In such cases 
statistical methods may be used to analyze the data. 

The mean m of a number of measurements of the same quantity is the 
best estimate of that quantity, and the standard deviation s of the 
measurements shows the accuracy of the estimate. 

There is no absolute way to compute or eliminate them, but they can be 
estimated using adjustment procedures.
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MEASUREMENT ERRORS

Engineering Surveying

Mistake (Blunder)

A blunder is an observation that is in error by more than the typical 
systematic or random error normally encountered. 

It’s a BIG error that happened because two numbers were transposed or the 
wrong back sight point was sighted.

Blunders are generally ‘one time’ errors that don’t appear elsewhere in the 
survey.

Comparing several observations of the same quantity is one of
the best ways to identify mistakes.

Assume that five observations of a line are recorded as; 67.91,
76.95, 67.89, 67.90, 67.89. The second value disagrees with the
others, apparently because of a transposition of figures in reading
or recording.
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MEASUREMENT ERRORS

Engineering Surveying

Most Probable Value (Expected Value) (x)

The true of any quantity is never known. However, its most probable value can be
calculated if redundant observations have been made. Redundant observations are
measurements in excess of minimum required to determine a quantity.

Most probably value is derived from a sample set of data rather than the population,
and simply the mean if the repeated measurements have the same precision.

For a single unknown such as a line length that has been directly and independently
observed a number of times using the same equipments and procedures, the most
probable value in this case simply the arithmetic mean;

x = (Σl / n)
Σl = the sum of the individual measurements y,
n = the total number of observations
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MEASUREMENT ERRORS

Engineering Surveying

Residuals

It is the differences between any individual measured quantity and the most probable
value for that quantity.
The mathematical expression for a residual is;
Vi = x – li
Where Vi is the residual in any observation li and x is the most probable value for the
quantity.

Σ Vi = 0 [V] = 0 ;

Absolute error:

When the true value of a observation is known it is possible to calculate absolute error
with following formula:

 = x – l

Where x is the real value and l is the observation.
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MEASUREMENT ERRORS

Engineering Surveying

Example-1

Internal angels of a triangle were measured as following values:

 = 75g.4525

 = 67 g.2237

 =  57 g.3251 

Please determine the type of the error and its quantity.

Total value of internal angels of a triangle is 1800 (200g). 

So that x = 200g. 

Absolute error:  = x – l

 = 200 – ( +  +  )= -0.0013g = -13cc
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MEASUREMENT ERRORS

Engineering Surveying

Average Error

BASIC DEFINITIONS

1. Average error (Average of absolute error)(t):

ε = errors

n = number of observation

V = residuals
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MEASUREMENT ERRORS

Engineering Surveying

Root Mean Square Error

2. Root Mean Square Error (m):

ε = errors

n = number of observations

V = residuals

n-1 = redundant observations

If two or more unknowns are exists,

u = number of unknowns n= number of
observations

(n-u) = redundant observations

RMSE of most probable value

RMSE of the mean n

m
M 
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MEASUREMENT ERRORS

Engineering Surveying

Example - 3

A distance is measured 7 times and following measurements are 
obtained. 

Observations (m):

l1=  125.165 l4 = 125.160

l2 = 125.162 l5 = 125.161 l7= 125.164

l3 = 125.166 l6 = 125.163

Depending on above stated measurement values, please calculate:

a) Most probable value (x)

b) Average error (t)

b) Root Mean Square Error (m)

c) RMSE of most probable value (M)
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MEASUREMENT ERRORS

Engineering Surveying

Example - 3

Obs. Num Measurements

(l)

Probable Val.

(x).

Residual

(v)

v*v

1 125.165 125.163 -2 4

2 125.162 1 1

3 125.166 -3 9

4 125.160 3 9

5 125.161 2 4

6 125.163 0 0

7 125.164 -1 1

Total 0 28

a) Most probable value (x)

x= ln =125.163
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MEASUREMENT ERRORS

Engineering Surveying

Example - 3

b) Average error (t)
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MEASUREMENT ERRORS

Engineering Surveying

Example - 3

c) Root Mean Square Error (m)
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MEASUREMENT ERRORS

Engineering Surveying

Example - 3

d) RMSE of most probable value (M)
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Engineering Surveying

Measurement, mapping and projecting 
studies for engineering projects-Week_3
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying 65



MEASUREMENT INSTRUMENTS

Engineering Surveying 66



MULTI SENSOR SYSTEMS

Engineering Surveying 67



ACCURACY AND PRECISION

Engineering Surveying 68



CONTROL NETWORKS

Engineering Surveying

• Surveying and Geodesy relies on a set of 
permanently marked points, which is called the 
Geodetic Control Network.

• The positions (co-ordinates) of these points are 
detemined using geodetic and gravimetric 
observations in an appropriate frame.

• Geodesy relies on triangulations, trilaterations, 
levellings, satellite geodetic observations and 
gravimetric observations

• The networks belong to the 
national/international infrastructure and serve as 
a basis for not only surveying, but geoinformation 
services, land registry and many other location 
based service.
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CONTROL NETWORKS

Engineering Surveying

A set of control points covering a large region.

Please recall: The control points are 
necessary for the definition of a 

coordinate system.
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CONTROL NETWORKS

Engineering Surveying

The Control Network provide us with control points given in the 
same refence system (coordinate system).

Thus measuring the relative positions of unknown points using 
these control points, the coordinates of the new points can be 
computed in the same reference system.
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CONTROL NETWORKS

Engineering Surveying

Static vs Dynamic Networks

Static view (up to the early 20th Century)

The Earth is a rigid body, the coordinates and the gravity 
field do not change. 

The contradictions between remeasured GCNs were 
explained by the higher errors of previous observations.

Dynamic view

The Earth is not rigid, plate tectonics exist, therefore the 
control points may change their coordinates.

Repeated observation and computation of the networks 
enable us to split the coordinate error in two parts:

• determined by the deformation of crust;
• caused by observation error.
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CONTROL NETWORKS

Engineering Surveying

Dynamic Networks

In order to assess the deformations of the crust:

• the location of points should be chosen using the 
results of other disciplines (geophysics, geology, etc.);

• the points should be marked in a suitable manner;

• displacement rates of approx. 1mm/yr should be 
exceeded.

New Geodetic Control Networks should be 
planned and established so, that it provides a 

basis for surveying and geodesy as well as 
enables the determination of recent crust 

deformations.
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HORIZONTAL CONTROL NETWORK

Engineering Surveying 74



HORIZONTAL CONTROL NETWORK

Engineering Surveying 75



HORIZONTAL CONTROL NETWORK

Engineering Surveying 76



HORIZONTAL CONTROL NETWORK

Engineering Surveying 77



HORIZONTAL CONTROL NETWORK

Engineering Surveying 78



HORIZONTAL CONTROL NETWORK

Engineering Surveying 79



VERTICAL CONTROL NETWORK

Engineering Surveying

1970
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VERTICAL CONTROL NETWORK

Engineering Surveying

TUDKA-92
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VERTICAL CONTROL NETWORK

Engineering Surveying

TUDKA-99
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VERTICAL CONTROL NETWORK

Engineering Surveying

Büyük Ölçekli Harita ve Harita Bilgileri Üretim Yönetmeliği 
Madde-8

Türkiye Ulusal Düşey Kontrol (Nivelman) Ağı  ve bu ağa dayalı olarak oluşturulan düşey kontrol ağlarının 
derecelendirilmesi:

1- I. Derece Nivelman Ağı ve Noktaları: Ülke Nivelman Ağı ve Noktaları

2- II. Derece Nivelman Ağı ve Noktaları: Ülke Nivelman Ağı ve Noktaları

3- III. Derece Nivelman Ağı ve Noktaları: En çok 40 km uzunluğundaki luplarla üst dereceli ağlara dayalı 
sıklaştırma ağı ve noktaları. Ana Nivelman Ağı

4- IV. Derece Nivelman Ağı ve Noktaları: En çok 10 km uzunluğundaki luplarla üst dereceli ağlara dayalı 
sıklaştırma ağı ve noktaları. Ara Nivelman Ağı

5- V. Derece Nivelman Ağı ve Noktaları: Poligon ve tamamlayıcı nivelman ağı ve noktaları
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VERTICAL CONTROL NETWORK

Engineering Surveying 84



VERTICAL CONTROL NETWORK

Engineering Surveying

Nivelman Gidiş – Dönüş Kapanma Değerleri

BÖHHBÜY, Madde 37 - Gidiş – dönüş nivelmanında bulunan kapanma değeri (w),

olmalıdır. Burada S, km biriminde nivelman yolunun uzunluğu, ΔH iki nokta arasındaki yükseklik farkıdır. 
Nivelman yolu üzerindeki ardışık noktalar arasında bu kontrol yapılır.

Nivelman Lup Kapanma Değerleri

BÖHHBÜY, Madde 38 - Gidiş–dönüş yükseklik farklarının ortalamalarından hesaplanan lup
kapanmaları (wL),
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VERTICAL CONTROL NETWORK

Engineering Surveying 86



VERTICAL CONTROL NETWORK

Engineering Surveying 87



VERTICAL CONTROL NETWORK

Engineering Surveying

DHAB
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VERTICAL CONTROL NETWORK

Engineering Surveying 89



VERTICAL CONTROL NETWORK

Engineering Surveying 90



Measurement, mapping and projecting studies for engineering projects
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Measurement, mapping and projecting studies for engineering projects
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Measurement, mapping and projecting studies for engineering projects
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Measurement, mapping and projecting studies for engineering projects
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Measurement, mapping and projecting studies for engineering projects
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying 96



Geodetic measurements in engineering constructions

Engineering Surveying

Geodetic measurements in engineering constructions – Week_4
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Geodetic measurements in engineering constructions

Engineering Surveying 98



Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

1. Survey system design. Although accuracy and

sensitivity criteria may differ considerably between

various monitoring applications, the basic principles of

the design of monitoring schemes and their geometrical

analysis remain the same. For example, a study on the

stability of magnets in a nuclear accelerator may require

determination of relative displacements with an

accuracy of +0.05 mm while a settlement study of a rock-

fill dam may require only +10 mm accuracy. Although in

both cases, the monitoring techniques and

instrumentation may differ, the same basic methodology

applies to the design and analysis of the deformation

measurements.

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions

(a) Instrumentation plan (design). The instrumentation plan is mainly concerned
with building or installing the physical network of surface movement points for
a monitoring project. Contained in the instrumentation plan are specifications,
procedures, and descriptions for:

· Required equipment, supplies, and materials,
· Monument types, function, and operating principles,
· Procedures for the installation and protection of monuments,
· Location and coverage of monitoring points on the project,
· Maintenance and inspection of the monitoring network.
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions

(b) Measurement scheme (design). The design of the survey measurement scheme
should include analysis and specifications for:
· Predicted performance of the structure,
· Measurement accuracy requirements,
· Positioning accuracy requirements,
· Number and types of measurements,
· Selection of instrument type and precision,
· Data collection and field procedures,
· Data reduction and processing procedures,
· Data analysis and modeling procedures,
· Reporting standards and formats,
· Project management and data archiving.
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions

(2) Data collection.
The data collection required on a project survey is specifically prescribed by theresults of
network preanalysis. The data collection scheme must provide built-in levels of both accuracy
and reliability to ensure acceptance of the raw data.

(a) Accuracy. Achieving the required accuracy for monitoring surveys is based on instrument
performance and observing procedures. Minimum instrument resolution, data collection
options, and proper operating instructions are determined from manufacturer
specifications. The actual data collection is executed according to the results of network
preanalysis so that the quality of the results can be verified during data processing and
post-analysis of the network adjustment.

(b) Reliability. Reliability in the raw measurements requires a system of redundant
measurements, sufficient geometric closure, and strength in the network configuration.
Geodetic surveying methods can yield high redundancy in the design of the data collection
scheme.
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions

(3) Data processing. Raw survey data must be converted into meaningful
engineering values during the data processing stage. Several major categories of
data reductions are:
· Applying pre-determined calibration values to the raw measurements,
· Finding mean values for repeated measurements of the same observable,
· Data quality assessment and statistical testing during least squares adjustment,
· Measurement outlier detection and data cleaning prior to the final adjustment.
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions TBM
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions
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Measurement, mapping and projecting studies for engineering projects

Engineering Surveying

Geodetic measurements in engineering constructions

5
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• Construction plans, maps, facility plans, and CAD/GIS databases are created by a variety of terrestrial,

satellite, acoustic, or aerial mapping techniques that acquire planimetric, topographic, hydrographic, or

feature attribute data.

• Specifications for obtaining these data should be "performance-based" and not overly prescriptive or process

oriented.

• They should be derived from the functional project requirements and use recognized industry accuracy

standards where available.

Stake out, relievo and control measurements – Week_5

Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Stake out, relievo and control measurements
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Line-route Survey and Calculations – Week_6-7

Route Surveying
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History of route networks in TURKEY

• BC The Babil-Thapsakus road, which was an extension of the road network built by Assyrians and
Babylonians in Mesopotamia and Syria, was built in 2000. Between 1700-1200 Hatuşaş Hittites capitals;
In the 6th century, the King King of the 2165 km-long King Road, built by Darius of the Persian king,
Sardes and Sus. Alexander had the Sart-Milet-Finike coastal road in 34, and later this road combined with
King's Road.
• During the Byzantine Empire, the Istanbul-Izmit-Konya road was built and connected to the old Roman
roads. This road was called the Pilgrimage Road in the time of the Ottomans.
• During the Seljuk period, a road network was established around Antalya-Alanya-Konya-Aksaray-Sivas-
Erzurum-Erzincan. In these roads, the inn, caravanserai and fountain, such as accommodation facilities
throughout the road.
• Road works stopped during World War I and Independence Wars and existing roads disappeared from
maintenance. 13885 km damaged surface metalled road from the Ottoman Empire, 4450 km dirt road,
including 18335 km of roads and 94 bridges on these roads has remained the heritage of the Republic of
Turkey.
• In a real sense, Turkey, planned and entered into force on March 1, 1950's modern road construction
5539 No. established by law in the Ministry of Public Works General Directorate of Highways (KGM) has
established that all kinds begin with take the road construction is considered
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Any data about the infrastructure of the highway may affect the design directly or indirectly.

According to the nature of the work to be done, according to the characteristics of the region where the route is passed,
different data groups should be brought together and accurate and current data should be used to design the optimum
route.
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Data can be used for route design;

• Land Data (3D Data) 
• Water Collection Lines, Basin Areas 
• Climatic Conditions of the Region, Precipitation Data  
• Reconstruction-Cadastral Status Maps 
• Existing Drainage Lines
• Vegetation Map 
• Geology Map 
• Infrastructure Data 

• Drinking Water / Wastewater / Drainage Lines 
• Electricity, Energy Transmission Lines 
• Stationary Stations 
• Energy and Electric Networks
• Cemeteries 
• Planned projects 

• Environmental Data 
• Tree inventory, green areas, parks 
• Pedestrian Road Planning 
• Noise Map
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Australia's 50th percentile annual rainfall
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Route Surveying- Tectonic Maps
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Route Surveying_ Electricity, Energy Transmission Lines
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Noise Map of Netherlands

The Landscape Hydrology Model 
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TRANSITION AND PLAN

As a general definition, the projection of the axis lines is called the route. Combining the two points taken on
the land depending on the appropriate slope value is the transition/route research.

• The preliminary examination is a step of determining the options that are first seen by making a general
examination of the region where the line will pass. In the preliminary examination stage, the zero polygon
study is performed by taking the topographic condition of the area belonging to the transition over the
isohips map.

• In the study stage, a more detailed examination of the passages that provide the standards for the design of
the line and which are approved at the end of the preliminary examination are made.

• In the last stage, an economic comparison is made between the options.
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GEOMETRIC FACTORS FOR DESIGNING THE HIGHWAYS AND MOTORWAYS

In a road project, the horizontal and vertical axis design should be done by taking into account the factors
such as driver, land, climate, environment, etc., to achieve the predefined standards.

Horizontal and vertical axes should be designed and combined together to allow safe, comfortable, fast and
economical transportation depending on the road geometric standards.
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The environmental and social issues to be considered in this design can be listed as follows.

• The natural structure of the area, vegetation, climate, geological structure should be considered. 

• The intersections that intersect the designed road with the existing roads should be planned as a 
whole and should be planned as a whole in terms of their geometric and physical standards. 

• Ensure safe and efficient access by reducing travel time. 

• The routes and standards of transit traffic should not disturb urban traffic, should be passed outside 
the urban areas as possible and provide inter-regional transport by ring roads. 

• For the safety of the pedestrians, special zones should be established and the locations of the 
underpass and overpasses should be stated in the plan. 

• It should be ensured that other public buildings are least affected by motor vehicle traffic. 

• The roads used by motor vehicles should be made short in order not to cause pollution.
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HORIZONTAL CURVES

• Simple Circular Curves

• Transition Curves
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• Combined Circular Curves• Simple Circular Curves • Reverse Circular Curves
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Stability Of The Vehicles on Curves

A vehicle that enters the horizontal curve from the forehead is exposed to a centrifugal force outside the
route. This force acting on the vehicle is called the centrifugal force and the vehicle is also subjected to
friction force in its opposite direction depending on the vehicle weight and road surface friction coefficient.
Under the influence of these forces, the vehicle can be skid or tip over.
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TRANSITION CURVES

A sudden centrifugal force arises at the entrance of a moving vehicle with V velocity at the entrance to the victim
or at the entrance of a different curve to a different curve from the radius of curvature. A transition curve
between the alignment and the curve is placed next to the cant application at the entrance to the victim in order
to balance the force that is tossing and tilting the stone out of the victim.
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Inner Line Outer LineAxis
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In the plan, the values taken in the digital environment or the pre-measured values are caled as
‘APPLICATION’.

The application can also be defined as the inverse of the measure job. It can also be considered as a
marking in the general sense.
The application is handled in two part:

1. Horizontal Application

2. Vertical Application
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1. Horizontal Application

Position elements in the horizontal plane are used to mark the points on the ground. Application elements are

usually taken from the plan. Polygon points are used for application of points. The polygon edges are taken from

the process line and the application values are taken from the plan and the points are marked on the floor. If

necessary, new polygon points can be installed for the application. According to the sensitivity of the work,

building and prominent parcel corners, telephone and electric poles can be used as application points.
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Bathymetric Surveying

- Definition & Importance 
- The history of bathymetry (ocean depths) and ocean floor topography. 
- Echo sounding 
- satellites bathymetry. 
- Optical 
- RADAR 
- GNSS-R
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Hydrographic Bathymetric Surveying

Definition:

Bathymetry is the measurement of water depth: height from
water bed to water surface. (Sounding)

- Measures the vertical distance from the ocean surface to
mountains, valleys, plains, and other sea floor features - 70.8%
of Earth is covered by oceans
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Importance of Bathymetry

• Navigation Safety: Nautical charts
• Water volume computation
• Pollution control
• Mineral & Fish industries
• Under water engineering construction
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Hydrographic Bathymetric Surveying Tsunami Early Warning System
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Hydrographic Bathymetric Surveying_Sea_level_measurements
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Hydrographic Bathymetric Surveying_Methods_Basic

Accuracy approximately ± 10 cm for under 30 meter depth.
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Errors Caused by Water Environment

• Speed and direction of the water flow
• Speed of the boat
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Hydrostatic Sounding

The determination of depth by the hydrostatic pressure measured in the underwater floor constitutes the
basic principle of the method. Hydrostatic pressure gauges are used as a sounding instrument. The
instrument is reduced to the underwater base with a rope or wire at the point to be measured and the
hydrostatic pressure is measured as a function of the water depth at that point. Hydrostatic sounding is an
indirect method. The hydrostatic sounding instrument is used at depths up to 100 - 200 meters and the
average fineness is ± 3-5 meters. As the depth increases, the fineness is reduced, so it is not suitable for
deep water or for precise measurements. Since it does not allow continuous and fast measurement, it is
not practical.
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Acoustic Sounding

The measurement of depth by using the diffusion and reflection characteristics of
the sound waves is the basic principle of the method. The sound impulses
supplied from a sound generator in the water and directed in the vertical
direction reach the underwater floor by spreading in waves and are reflected in
the water surface again. Since the propagation speed V of the sound waves is
known, the travel time of the pulses is measured by measuring the time t and the
water depth.
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V =  1 / k 

k: density of water, Li: is the permeability of water.

The k values change as the depth reaches the depth, the speed to be found according to the above
correlation is not appropriate to the regional conditions.

Therefore, normal conditions (t = 0 0C water temperature, s = 035% salinity and h = 0m or p = 760 mm
Hg pressure) are corrected according to the conditions of sound velocity environment.
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Hydrographic Bathymetric Surveying-GNSS-R
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Hydrographic Bathymetric Surveying-GNSS-R
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Stake Out And Deformatıon Measurements For Tunnel Borıng Methods

Due to the intensive urbanization and intensive construction in the living areas, more
effective evaluation of the underground has become necessary and in parallel to this, tunnel
construction techniques have been developed for different topography and ground
conditions.

• Tunneling navigation techniques, orientation of excavation machinery, monitoring of
tunnel stability and measuring instruments used in tunneling Works are given in this part
of the lecture.

Tunnel Boring Method: TBM
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ESTABLISHING THE GEODETIC NETWORK FOR TUNNEL APPLICATIONS

• Establishment of a triangulation network covering the tunnel construction area

• Polygon network between triangulation points

• Creation of a leveling network

• Measurement of topography and preparation of maps

• Tunnel design

• Measurements for Tunnel (Shaft, Portal, Approach Tunnel) construction.

• Stake out measurements of the project and other necessary measurements.
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Today, tunnel applications are divided into three groups in terms of measurement techniques.

1-) New Austrian Tunneling Method (NATM)
2-) TBM tunneling method
3-) Immersed Tube method
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NATM 
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TBM

Tunneling machine which contains the necessary technology
for tunnel boring and construction. The model of the TBM is
determined by the type of tunnel interior covering floor and
project conditions.



214

Stake Out And Deformatıon Measurements For Tunnel Borıng Methods

IMMERSED TUBE

• The excavation and preparation of the tube settlement at
the bottom of the sea and the location of the tubes
immersed are monitored simultaneously via acoustic
positioning systems (APS).

• Necessary corrections are made through hydraulic pistons.
• For this purpose, sound detecting devices are placed on the

tubes in order to detect the sound waves sent by the
Echosounder.

• When the acoustic sensor receives the signal sent by the
Echosounder, it recognizes it and indicates its position.

• Corrections are made by considering the location
information from other acoustic sensors.

• The necessary corrections are made by divers or specially
designed remote controlled submarines.

• The position of the Echosounder is determined by RTK-GPS
measurements.
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MODERN MEASURING INSTRUMENTS USED IN UNDERGROUND MEASUREMENTS

Angle - Distance Measuring Instruments

Motorized Total Station

ATR (Automatic Target Recognition) System Total Station

Machine Orientation Systems

Automatic Cross Section

Optical Plumbing

Laser Plumbing

Gyroscope
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ANGLE AND LENGTH MEASURING INSTRUMENTS

Electronic theodolites used in classical applications for horizontal and vertical angle measurements

Total stations capable of measuring angle and length

ATR system, motorized total stations can be used for measuring the reflectorless length beside the classical total staion.

MOTORİZE TOTAL STATION

With the development of the ATR system, it can automatically monitor the reflector and measure the angle-length at the 
desired points.

These devices can be used as a machine orientation system in tunnel applications, automatic sectioning and surface 
scanning features and they provide great advantages in underground measurements.
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CONSTRUCTION OF PERMANENT STATIONS IN TUNNELS

• Polygon Points
• Deformation Points

Polygon Points: The cantilever walls are installed as polygons. 
The consoles on which the polygons are located consist of 
three parts as stated below.

Consistently stable wall base on the wall
Console elevation placed in the fixed part
Pin screw for mounting on

Deformation Points: These points are mounted on the ceiling 
and side walls. The bulbs are placed on the ceiling and the side 
walls.
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LASER DEVICES AND TUNNEL EXCAVATIONS

It is to give horizontal and vertical distance differences (dx, dh) of a certain km from the laser beam that is 
closest to a point to be known in the tunnel mirror.

Stake Out And Deformatıon Measurements For Tunnel Borıng Methods



220

Stake Out And Deformatıon Measurements For Tunnel Borıng Methods

ORIENTATION OF TUNNEL BORING MACHINE

The starting position of the TBM on the theoretical axis is determined based on the network connected to the measurement network carried in the 

tunnel.

In the TBM, measurement routing software is installed, tunnel axis and type section parameters to be constructed are loaded.

A total station is installed behind the TBM and connected to the measuring network.

The total station is routed to the sensor screen on the front of the TBM.

The angles and distances measured by the total station are automatically transferred to the control computer for evaluation and the position of the 

TBM at the moment of measurement is determined.

The horizontal and vertical correction values are determined by comparing the position of the measurement with the design path.

Again, by creating an independent measurement network, the position of the TBM is checked and the necessary corrections are made on time.

The cross-sectional measurements are taken from the completed tunnel inner surface and the current situation is evaluated.

With the completion of the tunnel drilling operation, if the deviation is present, the tunnel polygon network is re-measured and is connected to the 

above-ground openings through two openings and used for other applications.
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Underground network to control the structure and control of the tunneling machine

FigurE shows the different underground network options.
Because of the narrow tunnel width, it is used with long-edged
and narrow nets or polygon gradients. Length and direction are
measured electronically.
There is no possibility of connection at the front during
opening of the tunnel.

Thickness, reliability, and cost increases from option 1 to option
3.
Option 1, There is no guarantee of encounter point in the
option.
Option 2, Using a gyroscope at every two points increases the
precision significantly


