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Summary. The analysis of geodetic measurements of retaining walls displacements in the residen-
tial quarter of the city of Kyiv is executed. For processing the observations, it was suggested to use a
method of analysis of variance (ANOVA). The influence of changes displacement depending on the cy-
cles of observations by one-factor analysis of variance is investigational. Method of one-factor ANOVA
allowed also defining that for different retaining walls, a deformation process has a different dynamics.
The relationship between cycles and retaining walls placement was determined using two-factor
ANOVA. Method three-factor analysis of variance allowed additionally defining influence of location of
deformation marks on the value of displacement. It was confirmed that the variance analysis method
has great potential for the analysis of geodetic measurements, especially at the large volumes of ob-
servations.

Key words: ANOVA, displacement, dispersion relation, the level of significance, retaining wall,
landslide, deformation prediction.

INTRODUCTION situation is the use of statistical research
methods such as regression analysis [2, 13].
At observing the displacements alwayln the geodetic practice have spread predic-
arises the problem of correct interpretation (tion models based on polynomial and expo-
measurement results. After many yearnential functions [10], Kalman filtering [5]
many mathematical models for approximeand fuzzy systems modeling [3]. However,
tion and prediction of engineering structurefor landslide and retaining walls it is neces-
displacements were developétbwever,for sary at first determine the nature of the dis-
modern engineering buildings often imposs placement distribution.Get single models
ble to find a single model that will fully de- predicting a deformation of retaining walls is
scribe the deformation process. Actual sudmpossible.In such case, it is necessary to
problem is for observations on landslide:divide the landslide or landslide structures on
which have a difficult multisectional struc-individual blocks within which to perform
ture and hold out different retaining wall<the construction of appropriate models of de-
[7]. Observations of the retaining walls otformation [8]. This problem is quite com-
the landslides are complex [1, 6]. The natuiplex. Even for landslide structures, which are
of displacements on landslide and retainirstructurally divided into separate blocks de-
walls caused by many factors, which is corformation process can have the same nature
firmed in researches [1, 6]. In such circunfor several blocks or changed within one
stances, the construction of a predictivblock. Application of multivariate analysis of
model is a very difficult task. Way out of thisvariance methods gives the opportunity to



ROMAN SCHULTZ, ANDRIY ANNENKOV, ANDRIY KHAILAK, VALENTYNA STRILEC

explore the distribution and nature of disanalysis of variance for research of nature
placements and highlight landslide areas and connection of retaining walls displace-
landslide structures within which can be usements that hold the landslide slope. A general
a single model of deformations predicting. view and placement of retaining walls are
shown on a Fig. 1.
Landslide slope has a height of 30 meters
PURPOSE OF WORK and a width of 20 meters. Landslide is held
by four retaining walls (PS-1, PS-2, PS-3,
The task of work is research of one-factctPS-4). The height of retaining walls is in the
and multivariable analysis of variance possrange of from 8 to 14 meters. Location plan
bilities at determination of various factors in of retaining walls is presented in figure 2.
fluence on the nature and distributing of dic  All retaining walls have a pile foundation
placements during observations retaininwith piles at depth of 20 meters.
walls on the example of the observations r
sults of the retaining walls in the residentie

quarter of the city of Kyiv. RESULTS OF MEASUREMENTS
To measure the displacements a spatial
DESCRIPTION THE OBJECT geodetic network was built. The network
OF RESEARCH consists of 5 points from which executed

minimum twice coordinating deformation
Analysis of variance as a method of remarks on retaining walls. According to the
search data is known for a long time [4, 11lresults of adjustment, the root mean square
In geodesy this method is used recently at rerror along the coordinate axes were: for
search of GNSS measurements and solvireference pointsn, = 1,5 mm,m, =3 mm,
navigation tasks [8, 12]. We will apply the

Fig. 1. A general view of retaining wallsacement
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m, = 4 mm. The main requirement was tdisplacements only along the axis, which

determine with the accuracy of 3 mnare shownin Fig. 3.

displacements in the direction of thé axis.

For the rest coordinate axes th

displacements are not critical and does n STATISTICAL RESEARCH
affect the stability of retaining walls. The OF DISPLACEMENTS

measurements were performed weekly in tl _ _
flow of six months. The total number of The first necessary step of geodetic meas-
cycles is 27. Fig. 3 shows the measureurements analysis is to check the form of the

displacement in theéX axes direction for all distribution law. We used three nonparamet-
marks on the four retaining walls in 23fic tests: Kolmogorov-Smirnov, Anderson-
cycles. Darling, x2 [4]. The results of testing the
hypothesis of normal distribution of the re-

e sults of measurements are shown in Table 1.
i 52 Table 1.Testing the hypothesis of a normal dis-
12500 - tribution
, 49
ok Kolmogorov-Smirnov
o 7 - Sample Size | 1188
' &3 Statistic 0,0982
“ g 0,05 | 0,02 0,01
i1 Critical Value | 0,039 0,044 0,047
11500 - - Reject ‘Yes Yes Yes
42 Anderson-Darling
i Sample Size | 1188
- Statistic 24,874
s 11000 - P53 q 0,05 | 0,02 0,01
- 28 Cri_tical Value | 2,502 3,289 3,907
P2 Rezzject Yes Yes Yes
10500 - | = X
20 Deg. of free- | 10
4 dom 186,670
10000 Statistic
24 28 q 0,05 0,02 0,01
> [ 25 Critical Value | 18,307 21,161 23,209
PS-4 27 Reject Yes Yes Yes
8500 - T t
Hypothesis testing showed that the data
did not submit the normal distribution law.
9600 1 _ This is not a hindrance to the analysis of
1120,0 1170,0 1220,0 variance, but confirms the necessity for sta-
X m tistical check. Deviation of the distribution
Fig. 2. Location plan of retaining walls andlaw of the measured displacements from
deformation marks numbers normal indicates the presence of systematic

o _ factors and confirms that all the measured

In the d|reCt|0n Of the COOt‘dInate ax¥s d|Sp|acement cannot be Considered as a
and Z the maximum displacement were réywhole. The displacements for different re-
corded at 10 mm. Such displacements are Iaining walls are different and need to ana-
critical and therefore we perform analyS|S C|yze them Separately. For C|arity’ we present
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Fig. 4. Histogram and normal probably density function

the histogram and the probability densitvary between cycles of measurements. To de-

function of the statistical analysis results.  termine whether the actual deformation proc-
For establishment of factors, which influ-ess occurs perform one-factor ANOVA.

ence on the nature of the displacement dist The first stage of analysis of variance is to

bution perform analysis of variance of mea:calculate basic statistical characteristics.

urements results. If there arek cycles of measurements of

displacements;, i =1,...,k . According to
the results of measurements adjustment

known that all measurements have the same

Analyzing the charts in Fig. 3 itis difficult \5rjance and distribution centers are differ-
to establish whether the displacement marks

ONE-FACTOR ANOVA
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ent. In each cycle performed observinde-

formation marks. In theth cycle, we have: If we assume that facter is the presence
of displacements between the cycles, then in
AXi1,0%2,...,M%n the absence of this displacement the most

probable value of the measured value is the

Total number of observations: arithmetic mean of displacements:

k
N = ZHi : Q)
i=1
Table 2. Statistical characteristics of displacement measarg
cycle| Mean | RMS 95% interval for the mea Max | Min
Lower limit | Upper limit
1 0,000 | 0,000 0,000 0,000, 0,000 0,000
2 0,002| 0,000 0,002 0,002| -0,000 0,004
3 0,003| 0,000 0,002 0,004 -0,004| 0,007
4 0,002| 0,000 0,001 0,003| -0,005/ 0,006
5 0,000; 0,000 -0,001 0,001 -0,008| 0,007
6 0,001 0,000 -0,000 0,002| -0,008| 0,006
7 -0,002| 0,001 -0,004 -0,001] -0,011{ 0,004
8 -0,002| 0,001 -0,003 -0,001] -0,010[ 0,006
9 -0,004| 0,001 -0,007 -0,002| -0,023| 0,010
10 -0,008] 0,001 -0,009 -0,006] -0,018 0,002
11 -0,006| 0,001 -0,008 -0,004| -0,022| 0,004
12 -0,005| 0,001 -0,007 -0,003] -0,020[ 0,004
13 -0,004| 0,001 -0,006 -0,003] -0,020[ 0,005
14 -0,005| 0,001 -0,007 -0,003] -0,018 0,006
15 -0,004| 0,001 -0,006 -0,003] -0,018 0,005
16 -0,006| 0,001 -0,008 -0,005| -0,022| 0,002
17 -0,007| 0,001 -0,009 -0,005| -0,023| 0,008
18 -0,007| 0,001 -0,010 -0,005| -0,024| 0,006
19 -0,009| 0,001 -0,012 -0,007| -0,029| 0,002
20 -0,009| 0,001 -0,011 -0,006] -0,030[ 0,003
21 -0,008] 0,001 -0,011 -0,006| -0,030[ 0,004
22 -0,009| 0,001 -0,011 -0,006| -0,033| 0,003
23 -0,009| 0,001 -0,012 -0,007| -0,034| 0,004
24 -0,010| 0,001 -0,013 -0,008] -0,034| 0,003
25 -0,011] 0,001 -0,014 -0,008] -0,033| 0,002
26 -0,011] 0,002 -0,014 -0,008] -0,036| 0,003
27 -0,012| 0,002 -0,015 -0,009| -0,038| 0,004
Total | -0,005] 0,000 -0,006 -0,005| -0,038| 0,010
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meam\x =

k N

PV

i=1j=1

(@)

N

2
F>Fq, where:F =19 (g)
my

A value Fq selected on the basis of the

If the values of displacements is signifi accepted significance levgl and the number
cant, then the mean values:

nj

mear\x; :i_ ZAX”' ,

N o

@)

of degrees of freedom (DoF)kyq =k-1,
kr = N - k .
Perform ANOVA in which we establish

the dependence of the displacement from
measurement cycle. The results are shown in

differ considerably from the overall averag:'2Pl€ 3.

).

By the criterion to confirm the hypothesis

For analysis, calculate deviation using e>@20ut the change displacements between cy-

pressions (2 (3):

(4)

(6)

cles is the level of significance. At confi-
dence probability 95% level of significance
should not exceed 0,05. Thus, the fact of dis-
placements between cycles can be regarded
as established. Figure 5 shows a graph of the
average displacement the whole complex of
retaining walls.

To check the influence factor numbers re-
taining wall on the displacement values per-
formed one-factor ANOVA. A hypothesis
was tested that displacement of deformation
mark depends on what retaining wall it is lo-
cated.

The analysis found that the magnitude of
the displacements depend on the retaining

Dispersions according to expressions (4-iwall which is deformation mark is located

(7)

k N
Q:iz Z(Axij —meamx)z,
N — ~—
i=1j=1
K
Qq = D nj (meamx; - mea\x)? , (5)
i=1
K N 2
Q=) Z(Axij —meamxi) :
i=1j=1
will be:
2_ Q 2_ Q
TIN-T T Tk
m’ = < :
N -k

on. The construction of deformation models
process must be carry out for every retaining
wall separately.

The results of analysis push on an idea
about dependence of displacement size si-
multaneously on that in what cycle and what

The critical region is defined as the disfetaining wall, displacement was fixed on.

persion relations:

For verification of such hypothesis the two-
factor ANOVA was applied.

Table 3.0ne-factor ANOVA (Displacement - Cygle

Feature |Sum of squarq DoF The mean squar F S'g?éf\';;?nce
Between group 0,023 26 0,001 20,010 0,000
Within groups 0,050 1161 0,000

Total 0,073 1187
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Table 4. Statistical characteristics of displacement foairehg walls
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95% interval for the mea .
Wall N Mean | RMS Min Max
Lower limit | Upper limit
1 594 | -0,003]| 0,000 -0,004 -0,003 -0,018] 0,010
2 270 | -0,011( 0,001 -0,012 -0,009 -0,038]| 0,006
3 216 | -0,007( 0,001 -0,008 -0,006 -0,030] 0,008
4 108 | -0,001( 0,000 -0,002 -0,000 -0,007]| 0,007
Total | 1188 -0,005( 0,000 -0,006 -0,005 -0,038] 0,010

Table 5.0ne-factor ANOVA (Displacement - Retaining wall)

Feature Sum of square| DoF | The mean squai F Significance leve
Between groups 0,013 3 0,004 86,672 0,000
Within groups 0,060 1184 0,000

Total 0,073 1187
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TWO-FACTOR ANOVA

Under the hypothesis of the presence
several influencing factors used multivariat
analysis of variance. We investigate the ir
fluence of the factora (cycle observations)
and B (number of retaining wall) on the
measurement results. Measurement series
be represented as:

a1B1 AX111, 8% 12 DX 1k - DX 1514
0182 AX121,8%122,...,80%1 2k » - - "AX]-ZS’.I.Z

1B Axq1, A% 2, DXk - AX gy
0oB1 AX211,M%212,.. -'AXZJK’---’AXZISZJ_
a2B2 AX221,8%222,.... A%k -1 AX22s,,

aB| AX9i1, 8% 2,.... A%l -, AXD) 559

OnB1 AXn1 1, %12, - DXk s - - - MXnis g
anB2 AXn21, A%Xn22,- -, AXn2k - - AXn2s, 5

APy AXnj1, AXp| 2, DXl - DXy
Total number of measurements will be:

n |
N=> Zsij . 9)
i=1j=1
Overall arithmetic mean would be:
n | Si
mearn\x = %\I DD > A - (10)
i=1j=1k=1

Determine the arithmetic mean on the fac-
tors for considering factay; with (12):

I
meamxq -1 > sjmean;j , (12)
Nio j=1
where:

|
Nio = X_sij -
j=1
for factorp;:
1 d
meamxpj = ——— > §jmean;j , (13)
Noi 2

where:
n
NOj = Zsij .
)

To determine the general empirical dis-

persion found fluctuations:

empiricabjjx = Axjjk — meax. (14)
General deviation using (14) is calculated:

n | Sij
Q=Y 3 Zempiricaﬁﬁk , (15)
i=1j=Xk=1
and proper dispersiorm2 :Nil'

Fluctuations of factors. andp are calcu-

lated using formulas (10), (12), (13):

Ojp = mearxjg — meamx,
Opj = meamxpj — meard,
(16)
Ojj = mearxj; — mearmx,

empiricabjj = AX;; —(6i0 —6oj)

Deviation of factors calculated by the

fluctuations (16):

Particular arithmetic means by the serie
of measurements calculating:

1
mearx;; =; ZAXijk-
] k=1

(11)
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Dispersions of factors using deviation (17 mo% mBZ
will be: Fo=—7, Fg=—. (22)
mr mr
2_ Q 2. % Critical areas are defined as before on the
M n-1' M | -1’ (18) basis of accepted significance lexghnd the
me = Qup number of degrees of freedonky =n-1,
(n-12)( 1) kg =1 =1,k =N -nl.

Perform two-factor ANOVA to test the
hypothesis according to the value of dis-
placement at the same time from the cycle of
observations and numbers of the retaining
wall.
and deviation: Two-factor analysis confirms a hypothesis

about dependence of displacements size si-
| Sij multaneously on the cycle of observations

n
Q=22 Zéﬁk . (20) and number of retaining wall. The valug

i=1j=k=1 in the table shows the percentage contribu-
tion of each factor in the total dispersion. The
Suitable dispersion is: stake of joint influence of observations cycle
and number of retaining wall is equal to 17%.
2 Q Such index indicates the presence of sys-
M = N-nl" (21) tematic factors, the nature of which must be
found by further analysis of the results of
Thus, we obtain the total contribution omeasurements and observations of the slope,

Next, calculate the residual fluctuations:

Ojjk = AXjjk —meamxjj , (19)

each factor to the total variance: retaining walls and atmOSpheriC parameters
(air temperature, soil temperature and humid-
Q=0Qy +Qg +Qug +Q, ity, a_lmount of precipitation). .
TR TR T Fig. 6 shows the values for each dis-
(N -2)m? = (n-2)mZ + —1)m§ + placement on every retaining wall, and in
) ) Fig. 7 the average displacement values for re-
+(n-2)(1 —1)mq[3 +(N = nl)m¢. taining walls.

Influence of factorsy andp is determined
from the dispersion relations:

Table 6. Two-factor ANOVA (Displacement-Cycle-Number of rigiag wall)

The mean Significance 2
Feature| DoF square F level n
o 26 0,001 22,494 0,000 0,351
B 3 0,004 152,875 0,000 0,298
o* 78 8,1E-5 2,823 0,000 0,169
Error | 1080 2,9E-5
Total | 1188
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Table 7.Three-factor ANOVA (Displacement-Cycle-Number ofaiaing wall-Mark
position)

Feature | DoF | The mean squaf F Significance leve r]2
o 26 0,001 21,40 0,000 0,364
B 0,004 145,42 0,000 0,310
vy 1 0,000 10,339 0,001 0,011
oa*p 78 8E-5 2,686 0,000 0,177
o*y 26 7E-6 0,259 1,000 0,007
B*y 3 0,000 6,740 0,000 0,020
a*p*y| 78 5E-6 0,193 1,000 0,015
Error 972 3E-5
Total | 1188
This result is very important, it confirms 2 2 2
the complexity of the deformation process. Fo =%,Fﬁ =ﬂ;,FY =ﬂ2,
From cycle to cycle different retaining walls my my
change model of their displacement. Two- _mg g,
factor ANOVA  (Displacement-Cycle- Fop ‘?’ Foy =—5 (23)
Number of retaining wall) shows the funda- 2r ;nr
mental impossibility of the use of models de- L = :M.
formation like a [3, 10], and speaks in favor By m2 opy m?2

of the use of models based on the theory ~*
random functions.

At the analysis of the observations wa
paid a regard to circumstance that the di
placement for marks, which is placed on tk
same vertical top and, bottom of each retai
ing wall differ. A hypothesis was pulled ouf
that the displacement in the upper and low
parts of each retaining wall should be inte
preted differently. According is pulled out
hypothesis about necessity of verification
complex impact Displacement-Cycle:
Number of retaining wall-Mark position. To
test this hypothesis has been applied a thre
factor ANOVA.

In (23) factors areo (cycle observation),
B (number of retaining wall)y (mark posi-
tion).

Three-factor analysis showed that signifi-
cant is the contribution of the following
groups of factors: Displacement-Cycle
36%, Displacement-Number of retaining wall
— 31%, Displacement-Mark position 1%,
Displacement-Cycle-Number of retaining
wall — 18% Displacement-Number of retain-
ing wall-Mark position- 2%.

Summarizing the results it is possible to
pass to the conclusions about the executed
research.

THREE-FACTOR ANOVA CONCLUSIONS

When the three-factor analysis of varianc
implementation checkup the following dis-
persion relation by analogy with (8) and (22)

Analysis of variance was a powerful in-
strument to explore the displacements. Using
analysis of variance revealed the following
features of the measurements were made:
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1. When unclear picture of nature of dis-
placement found that displacements occurs
between cycles of the whole landslide,

2. In different parts of the landslide retain-
ing walls respond differently to each of thenf"
should be built its deformation model,

3. It is necessary to execute the detailed
analysis of observations after every cycle be-

Symposium on Deformation Measurement
and Analysis, 4th |IAG Symposium on
Geodesy for Geotechnical and Structural
Engineering Lisbon May 12-15.

Mentes G. 2008. Investigation of Different
Possible Agencies Causing Landslides on the
High Loess Bank of the River Danube at
Dunaféldvar, Hungary. 13th FIG Symposium
on Deformation Measurement and Analysis,

cause there is dependence between the cyclesith |AG Symposium on  Geodesy for

of observations and displacement of retaining
walls, which indicate on the possible differ-
ent terms of operation between cycles fof.
every wall,

4. It is necessary separately consider dis-
placement deformation marks at the top an
bottom of each retaining wall. 8.

The obtained results are more fully ex-
plained to the results of geodetic measure-
ments and perform a correct construction of a
predictive model of the deformation process.
In future we plan to use the results and oly-
servations of atmospheric parameters (air
temperature, soil temperature and humidity,

Geotechnical and Structural Engineering
Lisbon May 12-15.

Morozov V. 2012.Work the front membrane
of the membrane retaining wall at different
angles of inclination. Motrol: kom. Mot.
Energ. Roln., OL PAN, Vol. 14 (1), 42-46.
Pavlovskaia 0O.G. 2012. Analysis and
Evaluation  Geodetic Data Landslides
Dynamics in the Blasting and Unloading
Slopes 25.00.32 - "Geodesy" dissertation for
the degree of candidate of technical sciences,
Novosibirsk.

Pirt A. 2012. Evaluating The Repeatability
Of RTK GPS Measurements Using Analysis
Of Variance Geodetski vestnik 56/3, 427-442

amount of precipitation) to build a model ofL0.Pytharouli S.I., Kontogianni V.A., Nicki-

deformations by the regression analysis.
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Extraction of Deformation Signals of a SlopeH? HePeMejHeHHﬁ B 3aBHCHMOCTH OT I[MKIOB
with Kalman Filtering Technique. 13th FIGHa0mOeHIi METONOM  OHO(AKTOPHOTO  JHC-
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MIEPCUOHHOTO aHanmu3a. MeTox 0JHO()aKTOPHOTO
MACTIEPCHOHHOTO  aHAM3a TIO3BOJIMJI  TaKKe
OTIPENICTTUTh, YTO JUISI PA3IMYHBIX ITOAIOPHBIX
CTCHOK  Je(QOpPMAIMOHHBI  TPOLECC HMMEET
PasTUYHYI0 JWHAMHUKY. 3aBHCHMOCTH MEKIY
[IUKJIAMA HaONIOACHUN M pa3MEIICHUEeM I101-
MOPHBIX CTEHOK OBLIO OMpPEIEICHO C MOMOIIBIO
JBYX(haKTOPHOTO TUCIICPCUOHHOTO aHAIH3a.
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Meton Tpex(aKTOPHOTO JIHUCIIEPCHOHHOTO
aHaJM3a IO3BOJIMII JIOTOJIHUTEIHHO OIPEACINUTh
BIUSHUAC  PACIIOIOXKEHUS  IedopMaIimOHHbIX
MapoK Ha BeauuuHy nepemeiieHuit. IloaTsep-
JKIEHO, YTO METOJA IHUCIICPCHOHHOTO aHajau3a
nMeeT OOJbINHEe TEPCHCKTUBEI TPH  aHAN3E
TCOJIC3NICCKUX M3MEPEHUil, OCOOCHHO TpH
0OoJIBIINX 00beMaX HAOIIONEHUH.

KuroueBble cjioBa: JUCIIEPCUOHHBIA aHaJuU3,
TepeMeITIeHNs, JUCIEPCHOHHOE  OTHOIICHHE,
YPOBEHb 3HAYMMOCTH, MOANOPHAs CTEHKA, OMOJ-
3€Hb, IPOTHO3UPOBAHHUE JAchOpMAaIIHiA.



