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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
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The concept of engineering surveying, general
principles, application areas Week 1




* |t 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.
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What is Engineering Surveying?

Engineering surveying involves:

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

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

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

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

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




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.




Engineering Survey:

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

Three broad steps are;

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

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

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




Route survey:

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




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).




Astronomic Surveys:

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

Local

Astronomical
Coordinate
System




Mine surveys:

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




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.




Hydrographic Surveys

The surveys of bodies of water made for the purpose of navigation,
water supply, or subagqueous 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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Equipotential surface, geoid and reference ellipsoid

Topography

oceans Orthometric Ellipsdidal Height Geoid
' % Height from GPS Height

Geoid is an equipotential surface of gravitational field. It coincides in open ocean with
the mean sea level. Deviation of the geoid from a reference ellipsoid (geoid’s height) is
called geoid’s undulation. Determination of the geoid on land requires 1) a precise
gravimetric survey of the entire land, and 2) the knowledge of the mass distribution

in the Earth’s interior.
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UNITS of LENGTH

The basic unit of length is meter and represented as m.

LINEER MEASUREMENT METRIC UNITS

1 Kilometer 1000 meters

1 Hectometer 100 meters

1 Decameter 10 meters

1 Meter 100 centimeters
1 Decimeter 10 centimeters
1 Centimeter 10 milimeters

1 Milimeter 0,001 meter

1 Decimilimeter 0,1 milimeter

1 Centimilimeter 0,01 milimeter
1 Micrometer-micron 0,001 milimeter



UNITS of AREA

Sl-unit of AREA is equal to 1 squaremeter and represented as m?.

1 are 100 m?

1 decare 1000 m?

1 hectare 10000 m?

1 km? ( 100 hectare) 1000000 m?
1 square decimeter 0,01m?

1 square centimeter 0,0001 m?

1 square milimeter 0,000001 m?



UNITS of VOLUME

The unit of volume is cubic meter and represented as m?3.

Conversion

1m3 1000 dm?3
1dm3 1000 cm?3
1cm3 1000 mm3
1It=1 dm3 1000 cm?3



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.



http://www.cut-the-knot.org/WhatIs/WhatIsLine.shtml#ray

UNITS of ANGULAR MEASUREMENTS

1- Degree: A degree usually denoted by ° (the degree symbol), is a
measurement of plane angle, representing 1/360 of a full rotation.

right angle straight angle complete revolution
o=
/1y asor 1° = 60'= 3600" 1' = 60"

1 Degree |1° | 60 minutes 3600 second

.| 1 Minute |1 |1/60 degree 60 seconds

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




UNITS of ANGLE o
/

2-Gradian (Grad/ Gon): The gradian is a unit of plane angle,
equivalent to 17400 of a turn.

A grad is defined as 1/400 of a circle. Pefinition of 1 Grad
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¢8 Grad 100 centigrad 100 ¢
1¢ Centigrad 100 centicentigrad 100 ¢ 1 full rotation= 400 grad

1 ce Centicentigrad 0.0001 grad
58862 ¢ 73 cc =582 62,73 ¢ = 58,6273 ¢




UNITS oF ANGLE

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).
T ¥ 4

The circumference of a circle is twice the radius length times 7,
or C = 2xr. Therefore, 1 circle = 27 radians




CONVERSION BETWEEN ANGULAR
UNITS

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

360° =400° =2.7

b _G _R
180 200 7



https://en.wikipedia.org/wiki/Units_of_measurement
https://en.wikipedia.org/wiki/Quantity

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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GEGIMEIRICPARAMETERS

Zenith A

4

Distances

— Slope (SD)

— Horizontal (HD)
— Vertical (VD)

Directions & angles

— Horizontal (HA)

- Vertical (VA) Horizontal plane
— Zenital (ZA)

Positions
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IMIEASUREMENITFINSTRUMENTS
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PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

NNo Geri(mm) {leri(mm) Ah H(m)
RS1 2.546"1 162.245
Pl 2.780°1 1.056 1.491 163.736
'::B' P2 3.245%1 1.956 0.825 164.561
= P3 2.678°1 0.976 2.270 166.831
=il 2.087 1.876 0.803 | 167.634
=10 P4 3.002 2.045 0.042 167.676
=q RS2 1.879 1.123 168.799
=7
el |
1=5
=i [g] = 16.338 DH = 6.554
= i]=_9.788
= (1]
= [g] - [i] = 6.550
=1

Kapanma hatasi = 6.550 — 6.554 = -0.004 m = -4mm
Hata Smiri= d = 0,002 \I|S | + 0,0003 Ah =0.036 m =36mm

—_————— —_——————
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PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

Zenit

Pq

Geodetic Fundamental Computations

Easting, Northing, Elevation
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PROCESSING THE ENGINEERING/MEASUREMENIT DATA

Uses measurements from 4+ satellites
Distance = travel time x speed of light

Engineering Surveying



PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

Determining the Position

Engineering Surveying



PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

Errors on GPS Signal

D otbit error

GPS errors include:
o Satellite errors

o Receiver errors
o Signal propagation errors

Receiver Noise

B 2 clock error

Tonospheric
 Scintillation

{

Various schemes can be employed to reduce or even T
o onosphere  Tropospheric
Seintillati \
eliminate these errors 5/ IR apd—g8 Trposphere
Tropospheric Delay Masking S SSES
. 2

Jamming

Engineering Surveying




PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

P )
S Cag,
Accuracy ~ 10 m I

Absolute Positioning
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PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA

Relative Positioning E

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

Coordinates of ‘A’ is known

Simultaneous GPS observations

Baseline Vector

Engineering Surveying
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PROCESSING THE'ENGINEERINGIVIEASUREIMENIT DATA
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Errors in Measurement

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.

Engineering Surveying 42




IVIEASUREIMIENTFERRORS

MEASUREMENT ERROR

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

§ =Y —H
g = the error an observation
y, = the observed value

M = 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

Engineering Surveying 43




IVIEASUREIMIENTFERRORS

Sources of Error

Sources of Error

Engineering Surveying a4




IVIEASUREIMIENTFERRORS

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.

Engineering Surveying a5




IVIEASUREIMIENTFERRORS

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.

Engineering Surveying 46




IVIEASUREIMIENTFERRORS

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..

Engineering Surveying 47




IVIEASUREIMIENTFERRORS

Types of Error

Types of Error

Engineering Surveying a8




IVIEASUREIMIENTFERRORS

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.

Systematic Error

Two types of systematic error can occur with instruments having a linear response: et reading

1. Offset or zero setting error. . | _

2. Multiplier or scale factor error . //f::.ﬂ?p'nser
offset — b~ error
error |- . | actual

0 1 2 3 quantity

Engineering Surveying 49




IVIEASUREIMIENTFERRORS

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:

C=k(T, — T)IL

Where k is a constant:, (6.45x107° for degrees Fahrenheit) ; T is the temperature of the
tape; T, 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.

Engineering Surveying 50




IVIEASUREIMIENTFERRORS

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.
lgnoring the correction at an elevation of 900 feet causes a distance
error of about 10 ppm (parts per million).

Engineering Surveying 51




IVIEASUREIMIENTFERRORS

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 Error

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

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. L -
m-3s m m+3s

Measured Yalues

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

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.

Engineering Surveying 53




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 =(2l/n)
2| = the sum of the individual measurements vy,
n = the total number of observations

Engineering Surveying 54




IVIEASUREIMIENTFERRORS

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;

Where V, is the residual in any observation || and x is the most probable value for the
quantity.

>V, =0 [V]=0;
Absolute error:

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

e=x-1

Where x is the real value and | is the observation.

Engineering Surveying 55




IVIEASUREIMIENTFERRORS

Example-1

Internal angels of a triangle were measured as following values:

oL = 758.4525
B=6782237
y= 5783251

Please determine the type of the error and its quantity.

Total value of internal angels of a triangle is 1809 (200g).
So that x = 2008.

Absolute error: ¢ = x =1

£=200-(aa+pB+v)=-0.00138=-13¢c
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Average Error

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

gl|+]| 2| + |e3]| +...+ |en € €
— ILI fenl_ o (el

n

€rrors

n = number of observation

e o [ol|+] 02| + [o3]| +...+ |on | - i [l /]

n

n V = residuals
i
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IVIEASUREIMIENTFERRORS

Root Mean Square Error

2. Root Mean Square Error (m):

3rrors
_ Vle?[+] 27 + 37|+t [en?] _ X [ e€]]
m=t N -z = wumber of observations

V = residuals
Z 2 2 2 .
e PP DR LR e o], ’ﬂ n-1 = redundant observations
n-1 ¢ o |

If two or more unknowns are exists,

| el
m=t u = number of unknowns n= number of

n-u observations

(n-u) = redundant observations

RMSE of most probable value M = L m
RMSE of the mean T Un
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Example - 3

Abdistanocle is measured 7 times and following measurements are
obtained.

Observations (m):

l,= 125.165 ,=125.160
|, =125.162 |.=125.161  |,=125.164
, = 125.166 o = 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)

Engineering Surveying 59




IVIEASUREIMIENTFERRORS

Example - 3
Obs. Num Measurements Probable Val. Residual V*v
(1) (x). (V)

1 125.165 125.163 -2 4
2 125.162 1 1
3 125.166 -3 9
4 125.160 9
) 125.161 4
6 125.163 0
7 125.164 -1 1
Total 0 28

a) Most probable value (x)

x=[1]/n =125.163

Engineering Surveying )




IVIEASUREIMIENTFERRORS

Example - 3

b) Average error (t)

M Jy)e12mm
n
t:iM:Ef_rl.?mm
n {
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IVIEASUREIMIENTFERRORS

Example - 3

c) Root Mean Square Error (m)

m=+ ‘/—[W] = J_r\/2—78 =42.16mm
n-1 6
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IVIEASUREIMIENTFERRORS

Example - 3

d) RMSE of most probable value (M)

|\/|=iﬂ m=+ W]
n n-1
M=+ 2—176 = 40.82mm
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Measurement, mapping and projecting
studies for engineering projects-Week 3

‘
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Vieasurement, mapping and projecting studies for engineering projects

e
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ACCURACY  ANDPRECISION

true value
Precision vs. Accuracy

* Precision describes the
degree of repetability

— internal measure of random
errors and their effects

* Accuracy describes the
degree of closeness

— is a measure of agreement
between the observed and
the true (correct) value

— Systematic & non-random accuracy |
errors in addition to random o
errors precision

range
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CONTROL NETWORKS

« 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.

Engineering Surveying



CONTROL NETWORKS

A set of control points covering a large region.
N/
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CONTROL NETWORKS

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.

Possible consequences of using
inconsistent reference systems

Engineering Surveying 71




CONTROL NETWORKS

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

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. 1Imm/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
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HORIZONTAL CONTROL NETWORK

. 957'de yz ite
1989°da yapilmis harita 1957 de yapilnis harita

WGS-84 NAD-27
155 WC4330 155 WN4430

4

LT 2 S
'M'&gﬁq 7

Engineering Surveying 75




HORIZONTAL CONTROL NETWORK

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
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HORIZONTAL CONTROL NETWORK

UCUNCU BOLUM
Jeodezik Calismalar

Referans cercevesi ve izdiisiim sistemi

MADDE 10- (1) Bu Yonetmelik kapsaminda hesaplanacak koordinatlar, TUREF e dayali
olarak, GRS80 elipsoidi ve Transvers Mercator (TM) izdiistimiinde i¢c derecelik dilim esasina
gore belirlenir.

C1 derece ana GNSS aginm olusturulmasi

MADDE 11- (1) TUTGA/TUSAGA-AKktf ile siklastrma alanmdaki noktalar arasinda
baglantiy1 saglayan C1 derece Ana GNSS ag, siklastira alanina 30 kim’den yakin, her durumda
en az iki TUTGA/TUSAGA-ALtif noktas: ile digerleri énceden tesis edilmis C1 noktalarindan
olmak tizere en az ti¢c noktadan ve en fazla 30 km uzunlugundaki bagimsiz bazlardan olusturulur.
C1 noktalar asagidaki noktalardan olusabilir.

a) L, II. ve dengelenmis III. derece Ulke Yatay Kontrol (Nirengi) Ag1 noktalari.

b) Miilga Biiyiik Olgekli Haritalarin Yapim Yoénetmeliine gére olusturulmug II1. derece
nirengi ag1 noktalari.

c) Yerel aglarn (filke sistemine bagli olmayan) yiiksek dereceli noktalari.

¢) Yeni tesis edilecek noktalar.

C1 noktasi icin yer secimi

MADDE 12- (1) C1 noktasmin ver se¢iminde asagidaki esaslar dikkate alinr.

a) Cevrede uydu sinyallerini yansitacak yiizeyler (duvar, su yiizeyi. ¢af1 ve benzeri yapi-
lar) bulunmamalidir.

Engineering Surveying

C2 derece siklagtirma GNSS aginn olusturulmasi

MADDE 16- (1) TUTGA/TUSAGA-Aktif veya C1 noktalarindan 15 km’yi gegmeyen en
az iki bagimsiz baz ile belirlenen C2 derece aglar, siklastirma alam icindeki agagidaki noktalardan
olusabilir.

a) L, I1. ve dengelenmis I11. derece Ulke Nirengi AZ1 noktalari.

b) Miilga Biiyiik Olgekli Haritalann Yapiun Yonetmeligine gére olusturulmus IIL derece
yiizey ag1 noktalar1.

¢) Yerel yatay kontrol aglarinin yiiksek dereceli noktalart.

¢) Yeni tesis edilecek noktalar.

C2 noktasi i¢in yer secimi

MADDE 17- (1) C2 noktasi i¢in yer seciminde: bu Yonetmeligin 12 nci maddesinde yer
alan esaslara ek olarak, eger C3 dereceden nokta siklagtirmasi aym proje kapsaminda yapilmaya-
cak ise her C2 noktas1 aym veya iist dereceden bir baska ag noktasin gormelidir. Segilen C2
dereceli noktalar bu Yonetmeligin 12 nci maddesinde belirtilen yer se¢im kanavasinda gosterilir.

C2 noktasimn tesisi

MADDE 18- (1) C2 noktasiun tesisinde:

a) Tahrip olmayan eski noktalarin zemin tesisleri aynen korunur.

b) Yeni C2 noktalar: ek-4’te yer aldig1 gibi tesis edilir.

C2 noktalarimmin GNSS teknigiyle dl¢iilmesi

MADDE 19- (1) C2 noktalarinm dl¢timlerinde:

a) Ay anda en az alt1 uydudan kayit yapabilen jeodezik amagli GNSS alicilar kullamlir.

b) Es zamanli oturumlar halinde gerceklestirilecek statik lcmelerde:

1) Uydu sayisi: En az bes adet.

2) Kayit araligt: 15 saniye veya daha az.

3) Uydu yiiksekligi: 10°,

4) Kayit siiresi: Bazlarda tek oturumda 60 dakika (tek frekansl alicilar i¢in 90 dakika),

alir.

¢) TUREF koordinatlar bilinmeyen ve pilye tesisi olmayan noktalarda 30 dakikalik (tek
frekanshi alicilar icin 45 dakika) iki oturumlu &l¢tim yapilir. Her oturumdaki anten yiikseklikleri
arasinda en az 10 cm’lik fark olmalidir.

¢) Anten yiiksekligi 6lgliye baslamadan ¢nce ve sonra iki kez mm duyarhginda élgtliir.

d) Her oturumda, ek-5"te yer alan GNSS Olgme ve Kayit Karnesi diizenlenir.
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HORIZONTAL CONTROL NETWORK
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VERTICAL CONTROL NETWORK
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VERTICAL CONTROL NETWORK
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VERTICAL CONTROL NETWORK

TUDKA-99




VERTICAL CONTROL NETWORK

Biiyiik Olgekli Harita ve Harita Bilgileri Uretim Yonetmeligi
Madde-8

Turkiye Ulusal Disey Kontrol (Nivelman) Agi ve bu aga dayali olarak olusturulan disey kontrol aglarinin
derecelendirilmesi:

1- I. Derece Nivelman Agi ve Noktalari: Ulke Nivelman Agi ve Noktalari

2- 1. Derece Nivelman Agi ve Noktalari: Ulke Nivelman Agi ve Noktalari

3- Ill. Derece Nivelman Agi ve Noktalari: En cok 40 km uzunlugundaki luplarla Gst dereceli aglara dayali
siklastirma agi ve noktalari. Ana Nivelman Agi

4- 1V. Derece Nivelman Agi ve Noktalari: En cok 10 km uzunlugundaki luplarla Gst dereceli aglara dayali
siklastirma agi ve noktalari. Ara Nivelman Agi

5- V. Derece Nivelman Agi ve Noktalari: Poligon ve tamamlayici nivelman agi ve noktalari
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VERTICAL CONTROL NETWORK
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VERTICAL CONTROL NETWORK

Nivelman Gidis — Dénus Kapanma Degerleri
BOHHBUY, Madde 37 - Gidis — doniis nivelmaninda bulunan kapanma degeri (w),

Ana ve baglanfi nivelmaninda C Wimm] =< 12 Js [km]
Ara nivelmanda C Wimm] = 15 NS [km]
Yardime: nivelmanda . W mm] = 20 Vs km] + 0.0002 AH

olmalidir. Burada S, km biriminde nivelman yolunun uzunlugu, AH iki nokta arasindaki ytkseklik farkidir.
Nivelman yolu lGzerindeki ardisik noktalar arasinda bu kontrol yapilir.

Nivelman Lup Kapanma Degerleri

BOHHBUY, Madde 38 - Gidis—déniis yiikseklik farklarinin ortalamalarindan hesaplanan lup
kapanmalari (wL),

Ana mivelmanda C W Lfm] = 15,/ Llim]
Ara mivelmanda D WL = 18 /Lxm]

Engineering Surveying 85




VERTICAL CONTROL NETWORK

ORNEK NIVELMAN KANAVASI
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VERTICAL CONTROL NETWORK

LUP 1
ORNEK NIVELMAN KANAVASI .
Nivelman hatti Gidis (m) | Dénits (m) Fark Hata sinuri Ortalama Nivelman
(mm) (mm) AH (m) Yolu (km)
e EA% i g AN 2508 DN124-6 | AN2881 72.1110 72.1114 04 153 72,1112 1.629
S AN2881 AN2965 -5.5367 -5.5363 04 17.6 -5.5365 2.154
2, Lup 6 ; 4,@,@ AN2965 AN2969 -18.9214 -18.9222 -0.8 18.2 -18.9218 2.297
HEMAT maser NS M g AN2969 | AN2564 | -32.0540 320536 | 04 183 -32.0538 2333
2z <: ;}2} gg) B 6") ; AN2564 AN2970 50.1343 50.1337 -0.6 15.0 50.1340 1.562
o ":3%\% 176151 V:'%% 5 3400 & f Anza13 AN2970 AN2964 6.3077 6.3083 0.6 17.2 6.3080 2.043
S & 24 S=17.465 Km 8 s AN2964 AN2955 16.0249 16.0310 6.1 142 16.0280 1.391
"lf‘if\ AN2955 AN2961 -20.8880 -20.8995 -11.5 14.8 -20.8938 1.520
= AN2961 AN2953 45.9299 459323 24 14.5 459311 1.466
AN2953 AN2109 -106.0131 -105.9998 13.3 16.6 -106.0065 1.910
W=-237 mm AN2109 AN2957 -7.5338 -7.5324 1.4 7.6 -7.5331 0.401
Saegil AN2957 | DNI124-6 0.4876 04872 | -04 216 0.4874 3.234
w,(mm) = 543 21.940
AN.2912
Hata sinir Normlandirilmis kapanma
Lup No S (km) Kapanma -~
w (mm) 15/ Ljy,) (mm) | w=+/w*/S (mm/km)
1 21.940 54.3 +70.3 +11.59
2 25.549 470 +7538 + 930
3 16.745 -21.2 +61.4 * 5.18
4 20.005 -23.7 +67.0 + 5.30
5 17.465 -43.0 +62.7 +10.29
6 18.576 56.6 +64.6 +13.13
Toplam 120.280 mp; = = 9.61 mm
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VERTICAL CONTROL NETWORK

Mira

Mira
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VERTICAL CONTROL NETWORK

GNSS nivelmam yontemiyle Helmert ortometrik yiiksekliklerinin belirlenmesi

MADDE 41- (1) GNSS i1le bulunan elipsoit yiiksekliginden Helmert ortometrik yiiksek-
liklere doniisiim i¢in TGyy veya yerel GNSS nivelman jeoidi kullanilarak GNSS nivelmani uygu-
lanir.

-100 -80 -60 -40 -20 0 20 40 60 80
EGM96 geoid heights in m.
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Vieasurement, mapping and projecting studies for engineering projects
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Vieasurement, mapping and projecting studies for engineering projects

KAYNARGA -5, 5. Gt
HAJHL/ | TRAGK

Engineering Surveying 92



Vieasurement, mapping and projecting studies for engineering projects

93

ing

Survey

ineering

Eng

1



Vieasurement, mapping and projecting studies for engineering projects
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Vieasurement, mapping and projecting studies for engineering projects
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Vieasurement, mapping and projecting studies for engineering projects
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Geodetic measurements in engineering constructions — Week 4

1. Introduction

2. Current Practice of Monitoring Survey for Public
Housing Estates

3. Brief Review of Other Building Monitoring Technologies

4. Survey Data Management

Engineering Surveying
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* Settlement Monitoring

— Engineer specifies locations of markers at
structural walls or columns

— Evenly distributed at
the periphery of the
building
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Survey settlement markers 13
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* Verticality Checking

— Engineer specifies locations of markers at ext
building corners

— Linear scales will be fixed
below the verticality
marker at 1/F

Marker

Linear
Scales
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* Survey result to structural engineer for analysis
* Calculate average settlement

Block X — Average Settlement

Average Settlement (mm)

Time (Month)
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* Robotic Total Station

— Automatic target recognition

— X, Y, Z : settlement, displacement and tiling

— Data can be transmitted to office computer B

— Open field of view maximize
cost effectiveness

— High setup cost to
observe all points
if stations are fixed

Building
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* Laser Scanning
— Virtually unlimited no. of monitoring points
— Whole building profile, cracks on facades
— Measured surface, scanning angle = intensity

— Building block usually over 100m high = scanning
ray distance 150m to 200m from ground

— Construction site in lack of stable 3-D control
points for registration = establish control points
every time from outside the site
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* Proposed Monitoring Survey Information Hub
— Automatic deformation monitoring system (ADMS)

— Data source from total stations, GPS receivers,
piezometers, tiltmeters and manual input for non-
automated devices

— WebGIS : map browsing, spatial queries and textual
searching

— Reporting
— Alarming
— Handling of survey requests
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BB A

Automated total station: Automated GPS receivers

Web server
Database server Map server

./.‘ — ’ ‘ ‘\
M)
N -‘8'!'

SMS Alert

Control workstations

Survey reports

User PC
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Maximum

Expected [
Displacement

Accuracy P lysis & 1. Survey system design. Although accuracy and
Requirements = SLBr::; 1Il‘:tsul:igl.. Yy sy g g Y

sensitivity criteria may differ considerably between

1 various monitoring applications, the basic principles of
the design of monitoring schemes and their geometrical

Nai_:wurk - Data _ - Data ‘
Adjustment Reductions Collection analysis remain the same. For example, a study on the
l stability of magnets in a nuclear accelerator may require

determination of relative displacements with an

Data
Presentation

Deformation

B =
Modeling 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.
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(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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(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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(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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(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.

Engineering Surveying
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Reference point

near abutment \

Target points on dam

Downstream reference points
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Control points on lock and dam
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3) Pushing Jack 6) Erector Erected Segments

- RSt )
S  « 8N
e =

. A 5) Screw Conveyor 7) Back Up Facilities
2) Shield Skin
Component Function
: To excavate rock or soft ground by the rotation of an assembly of teeth or cutting
1 Cutter Disc :
wheels under pressure agamst rock face.
5 Shield Skin To keep the soil from getting mto the machine and to provide a safe space for the
workers.
: To be i full contact with the erected segment and extend by hydraulic as the cutter disc
Pushing Jack
3 hing Jac turns and thrusts forward.
4 Mam Drive To provide a force in rotating the cutter disc and s powered by electricity.
5| Screw Conveyor |To move the spoil at the cutter disc and feed onto a conveyor system.
a Erector To erect the segments to form a complete ring after shoving at the tail of the TBM.
| Back Up Facilics To tra?.fel with the JTBM and to service the operation of annular grouting, welding,
extension of ventilation, power and track etc.
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Video Laser Temporary Control Temporary Control
Inside the Tunnel Target .= +Station **, Station ,+*+ Station
* o i
Erected” ~
segments

TBM
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Stake out, relievo and control measurements — Week 5

» 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.
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SEKIZINCI BOLUM
Uygulama Isleri

Uygulama isleri

MADDE 80- (1) Uygulamalar asagidaki esaslara gore yapilir.

a) Uygulama, versel veya uydu tekniklerinden yararlanilarak yapilabilir.

b) Uygulama. kontrol noktalarma dayali olarak yapilir. Kontrol noktalarinin bulunmamasi
durumunda, bu Yoénetmelik esaslar cercevesinde siklastirma yapilir.

¢) Miilkiyet smirlarmin aplikasyonu ve miilkiyete iliskin yer gdsterme islemleri Tapu ve
Kadastro Genel Miidiirliigiiniin belirleyecegi esaslar cercevesinde yapilir.

¢) Plan ve projelerin zemine uygulanmasi i¢in uygulama planlar1 veya krokileri hazirlanir.

d) Uygulamada gereken koordinat doniisiimleri bu Yonetmelik esaslar1 cercevesinde vapi-
lir.

e) Uygulama, fiziksel (arazi) yiizeye doniistiiriilmiis degerlerle yapilir.

f) Yersel tekniklerle gerceklestirilecek uygulamalarda uzunluk 6lcme dogrulugu
+(3 mm + 3 ppm) (dahil)’den daha iyi ve ac1 6l¢gme dogrulugu £10° (3”) (dahil)’den daha iyi olan
elektronik takeometreler kullanilir. Uygulama uzunlugu 500 m’yi gecemez.

2) GNSS ile uygulamada jeodezik GNSS alicilar: kullanilir.

&) Klasik GZK ile GNSS referans istasyonlarindan yararlanarak gerceklestirilen uygula-
malarda en biiyiik baz uzunlugu 5 km’yi gecemez.

h) Ada koselerinin proje ana eksen ve karakteristik noktalarmin (aliyman iistii noktalar,
some noktasi, T,. Tr ve benzeri noktalar) uygulamalari:

1) Eger yersel teknikler kullaniliyor ise en az ii¢ kontrol noktasimin olusturdugu iki ayri
nokta ciftinden.

2) GNSS kullaniliyor 1se en az iki kontrol noktasindan,

koordinatlarla yapilir. Iki kontrol noktasindan elde edilen koordinatlar arasindaki fark
+8 cm (dahil)’den kiiciik olmalidir.

I I —
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1 X 4 batter board
2 X 4 stake

string line

<+—— projection of garage foundation
ootprint onto the ground
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Geodetic Network Datum
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The influence of the distance of bridge points to the station point on the accuracy of stakmg (1) station C3; (2) station C5; (3) stations C3 and C5
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The relationship of distance between the bridge stakeout points and
the instrument and the accuracy of staking
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The Precision of Electronic Tacheometers The Effect of Target Miscentering
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o 7 95% confidence interval error ellipse resulted from the
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10 The influence of the distance of bridge points to the station point on the accuracy of staking: (1) station C3; (2) station C5; (3) stations C3 and C5

Angle measurement accuracy [']
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The trend of average values of the accuracy of staking depending on
the precision of the total station
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ImageStation Digital Mensuration - Project: D:\bitirmeoguzselbesogliuoguz
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Line-route Survey and Calculations — Week 6-7




Route Surveying

History of route networks in TURKEY

e 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 Hatusas 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.

e During the Byzantine Empire, the Istanbul-lzmit-Konya road was built and connected to the old Roman
roads. This road was called the Pilgrimage Road in the time of the Ottomans.

e 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.

e Road works stopped during World War | 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.

e 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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Route Surveying

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.

Engineering Surveying




Route Surveying-Data

Data can be used for route design;

e Land Data (3D Data)
e Water Collection Lines, Basin Areas
e Climatic Conditions of the Region, Precipitation Data
e Reconstruction-Cadastral Status Maps
e Existing Drainage Lines
¢ \/egetation Map
e Geology Map
e Infrastructure Data
* Drinking Water / Wastewater / Drainage Lines
e Electricity, Energy Transmission Lines
e Stationary Stations
e Energy and Electric Networks
e Cemeteries
e Planned projects
e Environmental Data
e Tree inventory, green areas, parks
e Pedestrian Road Planning
e Noise Map
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Route; Surveying-Hydrological Cycle
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Route Surveying- Precipitation
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Route Surveying-Geologic maps
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Route Surveying- Tectonic IVIaps
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Route Surveying Drainage
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Route Surveying. Electricity, Energy Transmission Lines
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Route Surveying_ Energy and Electric Networks
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Route Surveying  Environmental_lree inventory, green areas, parks

Arlington

Belmont Country Club

Waltham

Belmont

WESTERN GREENWAY N

BIAZED SEGMENT

UNIMPROVED SEGMENT

FUTURE SEGMENT s

ON-STREET SEGMENT n—

Mass Central Rail Trail CONNECTING TRAILS s o =
o T

—— JUNE 2013

/’/E_Sae

Engineering Surveying




Route Surveying  Pedestrian Road Planning
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Route; Surveying-Hydrological Cycle
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Route Surveying

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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Route Surveying

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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Route Surveying

The environmental and social issues to be considered in this design can be listed as follows.

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

e 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.

e 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.

e 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.

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

e The roads used by motor vehicles should be made short in order not to cause pollution.
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Route Surveying

HORIZONTAL CURVES

e Simple Circular Curves

* Transition Curves
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Route Surveying

e Simple Circular Curves * Combined Circular Curves * Reverse Circular Curves

R,>15xR,

T A . T, =R, xTan(ﬁj T,=R, xTan(ﬁj
CosE CosE 2 2
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Route Surveying

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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Route Surveying

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 ou* ~f *b~ 2rintien

| KLOTOID

e
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Route Surveying - CANI;
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Route Surveying - CANI;
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Route Surveying - PROEILE

Kn: 24811.53
KOT: 661.270
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Route Surveying — CROSS SECTION
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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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Bainyrnetric Suryaying

- Definition & Importance

- The history of bathymetry (ocean depths) and ocean floor topography.
- Echo sounding

- satellites bathymetry.

- Optical

- RADAR

- GNSS-R




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

Bathymetry Nordic Seas

Iceland

© Department of Mathematics
University of Oslo
1995




Importance of Bathymetry

* Navigation Safety: Nautical charts

e Water volume computation

e Pollution control

* Mineral & Fish industries

* Under water engineering construction

Hydrographic Bathymetric Surveying
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* Sounding Pole:

Historical Sounding

sounding Lead
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History of sounding

Sounding Machines

Charles Wilkes (NOAA) Lord Kelvin
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Hydrographic Bathymetric Surveying TsunamilEarly Warning System

Tsunami ¢aligmalar kapsaminda kurulan SM istasyonlari (sar) ve bu yil igerisinde kurulacak istasyonlar (kirmizi)
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Errors Caused by Water Environment

 Speed and direction of the water flow
* Speed of the boat

Akintinin karsi yoniinde botun ilerlemesi durumu
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Mekanik Iskandil aletinin sematik goriiniimit
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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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Bathymetric Sonar Systems

sea surface

% i
ping |

i
\ echo

swath single beam
multibeam

Reference water su\rface

A fa———

) s—
Outgoing
signal

Reflected
signal

Transducer

Transmitted and returned
acoustic pulse

Measured depth is function of:

* pulse travel time (t)
+ pulse velocity in water (v)

D=1/2*v*t

\_..b,




Hydrographic Bathymetric Surveying
Recorded depth from echo-sounder

. positionning antenna
~~(dgps)

— e — —

Survey vessel

multi beam
acoustic signal

Dapt o mames

Increased:
* Bottom Coverage
* Productivity
* Resolution

» Confidence

Vertical Beam Echo-sounding (VBES)
Used from 1939 to the present

Better coverage than lead-lines




Hydrographic Bathymetric Surveying

GPS ?
? USCG
\,\ Differential/RTK

Information

-~ M Research vessel

Swath. - .
Bathymetry = o =l V=v1/kp

g S —

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 OC 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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Side Scan Sonar
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Airborne LIDAR

+ Airborne laser scanning technology to survey both land and coastal
waters in a single approach, employing a technique known as
Airborne LIDAR Bathymetry (ALB) or Airborne LIDAR Hydrography
(ALH) which uses state-of-the-art LIDAR Technology to measure sea
bed depths and topographic features rapidly and accurately.
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Green pulses (532 nm) reflected
from bottom

N-IR (1064 nm) laser pulses
reflected from water surface
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Simultaneous costal zone survey, both land and water under
one approach
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Aerial Photography

* Photo Bathymetry was used to measure water depth for
shallow water with depth not more than 30m

* Refraction of light passing from water to air layers should be
corrected first.

* Both single aerial photo and overlapping photos can be used.
* Covered area is limited by camera focal length
* Depth limitation is the most serious disadvantage.
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Satellite Radar Altimetry

Sarelie orbit _ o
satellite measurements ' e 4'|
of sea floor
features is based on
gravitational

bulges in sea surface
caused by underwater
topography change
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Radar Altimeter

Applications of Satellite Altimetry L

Navigation e
Prediction of Seafloor Depth E

Planning Shipboard Surveys v
Plate Tectonics 5
Undersea Volcanoes
Petroleum Exploration

Lithospheric Structure
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GPS Tide Gauge
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Hydrographic Bathymetric Surveying-GNSS-R
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Hydrographic Bathymetric Surveying-GNSS-R

GPS Reflection Data Lomb Scargle Periodograms
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Stake OQut And Deformation Measurements For lunnel Boring IMethods

Tunnel Boring Method: TBM

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.
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ESTABLISHING THE GEODETIC NETWORK FOR TUNNEL APPLICATIONS

e Establishment of a triangulation network covering the tunnel construction area
e Polygon network between triangulation points

e Creation of a leveling network

e Measurement of topography and preparation of maps

e Tunnel design

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

e 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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Stake OQut And Deformation Measurements For lunnel Boring IMethods

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.
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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
e ] tubes in order to detect the sound waves sent by the

DREDGED TRENCH \L-—-—/-.‘._ Wwomﬁgf,’:fl;;‘“f Echosounder.
oA R fpaasroan L * 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
scoun ProrzerioAoReaunes information from other acoustic sensors.
| sacKrLL  The necessary corrections are made by divers or specially

SAND FOUNDATION

designed remote controlled submarines.
* The position of the Echosounder is determined by RTK-GPS
measurements.




Stake OQut And Deformation Measurements For lunnel Boring IMethods

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.
MOTORIZE 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.
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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.

s < PEFTD FUFELY I Because of the narrow tunnel width, it is used with long-edged
@ f"’#ﬂ”—"“"‘—————_ﬂﬁﬂ“’“‘-ﬂ and narrow nets or polygon gradients. Length and direction are
TosT coo T measured electronically.

There is no possibility of connection at the front during

— e opening of the tunnel.
- e
e T T Thickness, reliability, and cost increases from option 1 to option
3.
LR L A ‘r”?’fﬁf”ﬁﬁffé Option 1, There is no guarantee of encounter point in the
= b option.
@ - = Option 2, Using a gyroscope at every two points increases the

g e “ precision significantly




