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1. Introduction

One of the important task of geodesy is to determine deformation
formed on the Earth and buildings.

Deformation measurements obtained from different areas are analyzed
with different methods. Generallg? Criteria, Relative Confidence Ellipse
Method, Mierlo Method, Cholesky Factorization Method and S
Transformation Method are used in the analysis.

The horizontal deformations on the Ermenek Dam have been
theoretically and practically determined by using Cholesky Factaoizat
Method.

In the computationsag program was prepared by MATLAB 7.6.0

Release 13.0 M-Filéor analysis with Cholesky Factorization Method.
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2. Deformation Analysis By Cholesky Factorization Method

In case object points and fixed points in the control network can be
geometrically separableCholesky Factorization Method is a method that

canbe used effectively.

By taking unknown fix points, a partical trace minimum adjustment is made.

iy =820 R0y Qap = Qurr + Qurr

Ry = dF Q3. de m3, = Rp/f, (f; = 2.ng)
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Taking advantage of the sum of the squares of the adjustments that calculated
separately, free adjustment results for both periods variance value that
is common to both periods

2 _ Vlrplvl + VZTPQV:

mg, =
fo1r + foz

77161

Test valueT T, =—

If Ty<Fgz1-« thereis no deformation in the fixed points.
If Ti>Fgz1-- itissaidthat at least one fixed point has mow
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In the case of deformation, the highest absolute value in the vector is
removed. These operations are repeated until test value is smaller than F-
table value.

After the test of the fixed point, it is proceed to the testing of object points.
For fixed points a pair of coordinate unknown and for object points two pairs
of coordinate unknown are selected and the measurement of periods are

adjusted together.
Vi A A O 1 Qs Qr1 Qm
[w]: A 0 A, ] &8 3n R
) = = - Qr Qu Qxn
d=x - Qu = Qu1 + Qa2 — Q2 — Qs
, _d'0id
Moz = —= f3 = 2ng
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Test valuerT,

m 63

T, =

©omg,

If Ty >Fg f1-2 , oObjectpoints have moved with s = la statistics
confidence.

It Ty <Fg f1-o itshould not be immediately decided that there is
no deformation and further detail examination should be considered.

Because deformations are roughly investigated up to here.
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Elements of d vector must be converted into another uncorrelated vector.
For that reason full weight matrik, of d vector;

5=
and C is calculated to represent an upper triangular matrix as follow,
Py=CTC

The quadratic form of vector was obtained by replacing the C matrix instead
of P, matrix;

q=d"P;d=d’CTCd

This representation is shortened as so:

For each object point,

a="r=ng+i, + —F 1 5,
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Test valueT,

q;

2

T=
2mg,

If T< Fzz4-z ,pointhas not moved.
If T Fz..fz..l—E ,point has moved.

According to test result, if a point has not moved, the point is attached to
class of fixed points and each step of anaylsis is repeated from the start.
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3. Applications

The Ermenek Dam is located on the Goksu river in Ermenek(Karaman,
Turkey) in 2002. The dam is a thin concrete arch body —filling type. The
volume of arch body is 272 0003mand the height of the arch from the
stream bed is 210.00 m. Ermenek dam i¥@im in the world and®dam in

Europe and first dam in Turkey in terms of body height.
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In order to determine movement on the crest of the Ermenek Din,
referenceand 10 object pointswere usedReference pointsare numbered
as 1,2, ., 13 Object points are numberedas 101,102,103,104,105
(downstream side) and 501,502,503, 504.505(upstream side).
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In geodetic network4 series direction observationsand ranging data
were measured. In networki6 direction observations 128 ranging data
were measured. Deformation research, ushrgranging data + direction
observationsand the only direction observations were made separately

and the results were compared.
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3.1. Evaluation of period measurements

In this study, since the network can be geometrically divided, points 1-13

were taken as fixed-points and points 101-105 and points 501-505 placed on

the crests as object pointSvaluation was madeby usingonly direction

observationsanddirection observations + ranging dataseparately and the

effect of changes in the measurement plans on the analysis result were

investigated .

Table 1. Determination of reference points exposed to d&itons

Measurement Plan T F-table Result | Reference points, exposed to deformati
Direction 9.19 Fg220,0051.54 + 1,2,5,10,11,12,13
Direction + range 15.32 F4.460,0051.52 + 1,2,4,5,7,10,11,12,13
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Table.2 Global test for object Point

Measurement Plan T F-table Results
Direction 70.59 R4.2200051.48 +
Direction+range 94.53 Fg 460.0.051-43 +

Table.3 Determination of object points exposed to deformation

Analyses according to directions observations Analyses according to daons observations+ ranging data

NN T F-table| Results NN T F-tablg Result3 NN T F-table Rests| NN T F-table| Results
1 20.57 | 3.04 + 101 | 88.26 | 3.04 + 1 19.66 | 3.02 + 101 | 81.19| 3.02 +
2 4514 | 3.04 + 102 | 55.63| 3.04 + 2 68.18 | 3.02 + 102 | 65.04| 3.02 +
103 | 59.41| 3.04 + 4 24.27| 3.02 + 103 | 76.83| 3.02 +
5 28.64 | 3.04 + 104 | o.001 | 3.04 5 61.02 | 3.02 + 104 | 3496 | 3.02 +
105 6.77 3.04 + 7 0.93 3.02 105 4.79 3.02 +
10 14.211| 3.04 + 501 | 19.84| 3.04 + 10 23.45| 3.02 + 501 | 30.45| 3.02 +
11 76.68 | 3.04 + 502 0.002 | 3.04 11 163.31| 3.02 + 502 |[167.12| 3.02 +
12 29.84| 3.04 + 503 |138.83| 3.04 + 12 | 92.07| 3.02 + 503 |194.70| 3.02 +
13 1.97 3.04 - 504 |126.08] 3.04 + 13 22.37| 3.02 + 504 |[169.65| 3.02 +
505 ]129.45 3.04 * XXV Internationdl Federation of 505 |187.09) 3.02 *
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3.2. Introduction of the Program

In this study, a program performing the deformation analysis with Cholesky
Factorization Method was prepared in the programming language MATLAB
7.6.0. Using the ranging data and directions observations measured in
Ermenek Dam, the results have been interpreted. Before running the program
a data file“measures.doc”was created by using Microsoft Office Excell to
calculate the measurement, in this program primarily a file has been ptepar

in the format of the data to be received in as “measurement.doc”. In Bais fi
there are measurementstok ranging data, directions observationsfrom

the first and second periods, aagproximated points coordinateswhich

ill be used in calculation@~igure 4).
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The codes which were necessary for the program to get data from this file
were assigned. Then, the program takes this data sequentially and adjusts the
first and the second period measurements with free adjustment and

determines outlier measurements with Pope method. After then the partial

trace minimum adjustment has been performed according to the fixed points

( Figure 5).
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7 14 2 0.00000 1.414171 37
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Figure 4. The screenshoot of data in B (o1 u1)-size(amacy; =
. 371 % Temel Dengeleme Hesaplara P —
Exce” flle data 372 — Nmatl=Amatl' *Pratl*imatl; =
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== end —
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| script Ln 45 Col 16 OVR.|

Figure 5. Screenshot of the code
written in the basic adjustment
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After completing the adjustment processes, a global test is first runxkad f
points and the localization process for fixed points is carried out. Following
the deformation analysis based on fixed point, mass adjustment was done for
object points which were converted into fixed point due to their movement.
Later, global test run for whether there is a deformation in the moving
network points and object points and localization of deformed points is

performed (Figure 6).
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After completing all the calculations and analysis, the program saves data
from adjustments for first and second periods, global and localization test of
fixed points, mass data adjustments, global test of object points and
localization of deformation at the object points in a “txt” file called as

“results.txt”. (Figure 7).
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1039 33334 ktalar igin Q matrisi gazdiriliyor¥ 1082 )
| ] KIS :
: — A . =loixi

Dosya Dizen Bigim Gorinim Yardm
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Figure 6.a) Deformation analysis ; oFormmesytst aaiiad
according to Reference points, b) -
Deformation analysis aCCording to 1..".
. ; 5511k olusturma Tarihi : 01/09/2012
ObjeCt pOIntS géson Guncelleme Tarihi : 05/12/2012
gEYaziHm : MATLAB 7.6.0 release 13.0 M-File
EEA’Igor"ltma : cholesky Garpanlarina Ayirma Yontemiyle
tikodlari Yazan : Sercan BULBUL, Cevat INAL =
K *
Figure 7. Screenshot of the results
file
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4.

Conlusions

Different methods of analysis are used in the evaluation of deformation
measurements.

In this study, Cholesky Factorization Method which is one of the static
evaluation methods used in the analysis of deformation is examined
theoretically and directions observations and ranging data obtained from the
Ermenek Dam for two periods in December 2010 and in June 2012 were
separately evaluated according to directions observations and direction
observations + ranging data separately and the results were compared.

If reference points and object points on the network are initially known,
Cholesky Factorization Method can easily be applied.

It is a suitable method for programming. Movement analysis can be made

yith uncorrelated difference vector.
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When the measurements carried out on the Ermenek Dam were evaluated,
with 95% statistical confidence, any deformatioras not observedon
reference points 4, 5, 6, 7, 8, 9, 1&nd object points 104, 502in the
evaluation done according to direction observationsand onreference
points 3, 6, 7, 8, 9n the evaluation according to direction observation +
ranging data.

At the points exposed to deformationpvements were less than 6mmand

it doesn’t effect the result of movement analysis in the measurement plan.
Using the MATLAB 7.6.0 Relase 13.0 M-File, a program developed by us

and planned to make more professional in the future was used in

calculations.
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