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Abstract. Landslides are serious geologic disasters thattoday a very important task in engineering geodesy (Haber-
threat human life and property in every country. In addi- ler, 2004; Haberler-Weber, 2005).
tion, landslides are one of the most important natural phe- The understanding of the behaviour of landslides and the
nomena, which directly or indirectly affect countries’ econ- identification of their possible triggering effects (seismic, hy-
omy. Turkey is also the country that is under the threat ofdrological) usually requires a good knowledge of the surface
landslides. Landslides frequently occur in all of the Black and subsurface kinematics of the sliding landmasses. Fur-
Sea region as well as in many parts of Marmara, East Anathermore, the mitigation of the landslide risks requires the
tolia, and Mediterranean regions. Since these landslides reestablishment of monitoring systems which can detect early
sulted in destruction, they are ranked as the second importarihdications of rapid, catastrophic failures, and enable effec-
natural phenomenon that comes after earthquake in Turkeyive stabilization measures. The study of the kinematics of
In recent years several landslides happened after heavy rainandslides and their monitoring are usually based on geotech-
and the resulting floods. This makes the landslide monitoringnical and geodetic methods (Stiros et al., 2004).
and mitigation techniques an important study subject for the Turkey is a country under the risk of landslides. In recent
related professional disciplines in Turkey. The investigationsyears several landslides happened after heavy rains and the
on surface deformations are conducted to define the boundesulting floods. This makes the landslide monitoring and
aries of the landslide, size, level of activity and direction(s) mitigation techniques an important study subject for the re-
of the movement, and to determine individual moving blocks |ated professional disciplines in Turkey.
of the main slide. In the periphery of Istanbul, which is a metropolis with
This study focuses on the use of a kinematic deformationa population of more than 10 million, there are also some
analysis based on Kalman Filtering at a landslide area neaandslide regions. The area considered in this study is one of
Istanbul. Kinematic deformation analysis has been appliedhese landslide regions located neartiyr@nar village that
in a landslide area, which is located to the north of Istanbulis to the northwest of Istanbul. In the area, without doing
city. Positional data were collected using GPS techniqueproper geotechnical investigations some buildings, mostly
As part of the study, conventional static deformation analysisweekend houses have been built. But after the construction
methodology has also been applied on the same data. Thgork had completed, many damages on the constructions
results and comparisons are discussed in this paper. took place as a result of the landslides. In order to investigate
the effects of landslides in and around the settlement area, a
multidisciplinary project has been realised. Throughout the
project geotechnical investigations and geodetic deformation
measurements and analysis were done (Acar et al., 2003).

Landslide is a major type of natural hazards killing or injur- According to the geotechnical investigations, excluding
ing a |arge number of individuals and Creating very h|gh Coststhe artificial disturbance of natural equ|||br|um, the reason of

every year. So, deformation measurements on landslides a&il movements depends upon th? changes_m_ conditions re-
lated to underground water, seismic forces arising after earth-

. guakes and the decrease in sliding strength in fissured (capi-
Correspondence ta¥1. T. Ozludemir lar fissures) and heavily consolidated clays. The area where
BY (tozlu@itu.edu.tr) the study was carried out is an old landslide region where
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Fig. 1. The landslide model of theiB/ilkgekmece region (Altan et al., 1994).

slope equilibrium was formed gradually. As a result of move- In the following sections, deformation analysis procedure
ments in the form of small-sized flours due to surface waterand numerical applications are given.

and the settlement in the area, the equilibrium was disturbed,

causing mass movements (Fig. 1). In order to prevent soil

movements, drainage was performed (Acar et al., 2004; Al2 Deformation analysis with S-transformation

tan et al., 1994).
) In geodetic adjustment, a constrained network adjustment

/As seen from the pictures in Fig. 2, following the land- ,5cequre is applied when the datum parameters are known
slides there were severe damages on the buildings. in advance. In order to determine these parameters in ad-

The landslide monitoring project was carried out to iden- vance, some coordinate and measurement values are consid-
tify the characteristics of the landslides and their potentialered as errorless. Since these values contain errors, it is clear
risks in the study area. The geodetic measurement campaigriBat the results of the adjustment would also contain errors.
consist of two phases. In the first part of the monitoring, ter-In case of the constrained network adjustment, the measure-
restrial geodetic observations were done in 6 epochs betweements would also be affected with these constraints. There-
1990 and 1991. By the time, some network points were lostfore the post-adjustment cofactor matrix does not contain real
In the second phase, the remaining network points were meanformation regarding the inner accuracy of the network. In
sured using the GPS technique in 4 epochs between 1996 aratidition point errors get higher when getting further from
1998. The results of the terrestrial works had been publishedhe known points. Because of these reasons, in the networks
before (Altan et al., 1994). In this study, only the campaignsestablished for deformation monitoring, free network adjust-
with GPS observations are evaluated. ment procedure is chosen.
Free network adjustment reflects the inner accuracy of the

As part of landslide monitoring, different deformation JU= )
analysis algorithms have been applied so far. In this Study'network more realistically and also its external parameters

a deformation analysis procedure that has been carried ofi0 N0t depend on certain assumptions. The disadvantageous

through a kinematic deformation model based on Kalman fil-character of constrained adjustment is removed by the ap-
tering technique is discussed. plication of free network adjustment, in which the external

] } ) ) ) ) parameters of the network are computed through the adjust-
The kinematical motion model, in which GPS derived sta- ,ant computations (Tanir, 2000).

tion coordinates are taken as input values has been evaluated = {he application of deformation analysis in geodetic

by Kalman filtering technique and motion parameters of net-nayorks and for inter-comparison between their accuracies,
work stations have been determined. the regarding parameters to be compared should be deter-
Then movement determination was made with static andmined in the same datum. The datum consistency of geode-
kinematical models. Only moved points and movementtic networks measured and computed in different periods can
guantities were determined with static model. In addition be achieved by S-transformation without performing another
to the point positions, velocities and accelerations of pointadjustment procedure. Moreover the displaced points in the
positions were also determined with kinematical model be-network can also be determined through S-transformation
ing a time dependent function using Kalman-Filter technique(Demirel, 1987; Denli, 1998; Dganalp et al., 2005; Erol
(Yalcinkaya, 2003). and Ayan, 2003; Erol et al., 2005; Inal and Ceylan, 2002).
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Fig. 2. Photos from project area.

S-Transformation from daturh to datum; can be done by ~wherex* andx¥ are coordinates of datum and non-datum

the following formulae. points at period, respectively.
i — Sxk (1) QX cofactor matrix of parameter vectef can be written
as follows:
Qo = 5% @ ok _ [k 6
Qxx = k k ( )
Qac Qaa

wherex/ andx* are the coordinate vectojsandk, S trans-

formation matrix,Q‘;( , andQk, are cofactor matrices. Transformation from daturk to j with the help ofE; ma-

trix and positioning of the network with respect to the datum

-1 . . . K
§=1-G (GTEJ_G) GTEJ_ 3) points are accomplished by the following formulae:
J k
whereE; is the datum determiner matrix of which diagonal e[xfj} =5 [xi} @)
elements are 1 for the datum determiner points and O for the| Xa Xa

other points.] is the identity matrix; an€ is the matrix con- o
taining the conditions for a free network to allow for the com- |:Q_cc Qpa] =5 Qk %T @8)
- - XX

putation of the coordinates (lliner, 1983 and 1985; Niemeier, = Qhc Qha
1985; Welsch, 1993; Denli, 2004; Erol et al., 2005; Inal and

Yigit, 2006). These computations are done separately for each period.
_ _ Global test for the coordinates of datum points and their co-
1 0 0 1 0 0 factor matrix at datunj is performed as follows:
o 1 0 --- O 1 0 ) )
o 0 1--0 0 1 Ho: E(x!)1=E(x{)2 )
G'=| 0 -Z10 J10 -~ O ~Zm0 Vmo 4) ; ;
20 0 —F10 Zno 0 —¥mo de = (x7)2 — ()1 (10)
—V10 ¥10 0 -+ —¥u0 ¥mo O _ (o i
| X¥10 Y10 210 ** Xm0 Ym0 ZmO | (Qug)e = <Q°°>1+(Q°°)2 (11)
wherex;o, ¥;0, and z;o (i=1,...m) are the coordinates re- g — d! (Qua)Td. (12)
lated to the geometric weight centre of the stable block de- _
fined by the matrixE. The network hasn points (Denli,  If the degree of freedom ak. is shown asi.=u.—d, then,
2004). 2 fksgk + fjscz)j (13)
Sg=—"7—""7—
2.1 Global test through S-transformation 0 S+ fj
After the evaluation of the measurements made in differenty — Re (14)

periods, the global test includes only the network sections sghc
covered by the identical points. The coordinates of network
points based on the measurements collected at two differe
periods, i.et; ands, can be given as follows:

If the test valueT is greater then the critical value, i.e. if
>Fy., £.1-«, then there are significant deformations in the
common points. The next step is then localisation of these
k xf deformations (Erol and Ayan, 2003; Erol et al., 2005; Denli,

[ ] ) 1998).
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2.2 Investigation of significant point displacements by S-3 Kinematic deformation model

transformation
Kalman filtering is an optimal estimation method to analyse

The next step after the failing of global test is to determinea dynamic system and was developed in early 1960s (Celik et
which points have deformations. Considering that each daal., 2006). In addition, Kalman filtering is an important tool
tum point has moved, sub-vectof containing the coordi- for deformation analysis combining information on object
nates of common points in the parameter veatbr which behaviour and measurement quantities (Kuhlmann, 2003).
are determined through free adjustment at dakyris par-  The intention of kinematic models is to find a suitable de-
titioned into sub-vectors oa‘;l‘, which contains point coordi-  scription of point movements by time functions without re-
nates of a possibly moving point, am@ containing the other garding the potential relationship to causative forces. Poly-
common points that are assumed to be fixed. Since vectofomial approaches, especially velocities and accelerations,
xk contain the other parameters regarding the non-commos@nd harmonic functions are commonly applied (Welsch and
points and other unknowns¥ vector andQX, cofactor ma-  Heunecke, 2001).

trix can then be arranged as follows (Denli, 1998; Inal and A time-dependent 3-D kinematic model that contains po-

Ceylan, 2002): sition, velocity and acceleration can be expressed by the fol-
K lowing formula:
xs
k k
x'=|x 15 1
ok (15) Xﬁkﬂ) = X;-k) + (41 = 1) v + S (k1 — t1)%ay,
a
Qg Qk, Q& *+D) _ ) 1 2
Q= QES QEh QEa ae) Ui =Y HGma—mwv 450wt (22)
Qas Qah Qaa

k1 k 1
Z; = Z;- RN e N tk)zazj

The network measured in a timeshould be positioned with 2

respect to the points, of which coordinates arexfnand
assumed to be fixed. Denoting this datum pythe S-  wherex %V, y*+1, Z;k“): coordinate of pointj at time

transformation given in Egs. (1) and (2) is performed. (tx+1) period

The null hypothesis for the points assumed to be fixed isxﬁ."), y®, z®: coordinate of poing at time ¢) period
given below: Vyj, Vyj, Uzj¢ Velocities ofX, Y, Z coordinates of poinj
Ho: E(x{)2 = E(x{)1 17) Gy 4z qcceleratlons oK. Y, Z coordinates of poinj

_ _ ) =1, 2, ...,i (i: measurement period number)
For testing the null hypoth_e3|s, Wl_th respect to t_he Egs. (9),]-:1' 2, ...,n (n: number of points)
(10), (11) and (12), coordinate differencés their cofac-  ~ kaiman filtering technique is employed for the predic-
tor matrix (Qqa)s and the increase value for residuals in tion of present state vector using state vector information of
quadratic formg; can be given as follows: known motion parameters at perigdand the measurements
dy = (x))p — (x (18)  collected at period1. The state vector of motion param-
) : eters consists of position, motion and acceleration variables.

(Qud)s = (Qb91 + (Q92 (19)  The motion and acceleration parameters are the first and the
Ry = dT (Qua)s"dy (20)  second derivations of the position with respect to time. The

) , ) matrix form of the motion model used for the prediction of
The procedure given in Egs. (15) to (20) is repeated for eachyqtion parameters by Kalman filtering technique in 3-D net-
pointinx, vector. The point that has the minimuky value  \\,5rks can be given as follows:

is tested. o o
Test value for the point with minimun®; value is com- x x
puted as follows. ;V ;v
(Rs)min _ Ux |1 (tkgpr —te) | (ter1—t)? vy

r= s2h @D Fa={w| =|o ter —t0) | | o (23)
0 v o o | v
If the test value is greater than the critical valu, 1o, ax ax
the displacement of this point is considered as statistically Zy Zy

significant. This pointis then excluded from the datum points sl L%
and included in vectox, which contains non-common Visr = Thoak Y7 (24)

points. The process, given in Sect. 2.2, is repeated for the re-

maining datum points. Investigation on other moving pointswhereY;.1: prediction status (position, velocity, accelera-
is kept going on until no significant movement is detectedtion) vector at; periodz;41

(Demirel, 1987; Denli, 1998; Inal and Ceylan, 2002). Y, state vector at timg
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Table 1. Results of static model between March 1997—October 1997 and April 1998.

\ March 1997-October 1997 \ March 1997—-April 1998

Displacements Displacements

Point Number d, (cm) dy(cm) d;(cm) Decision d,(cm) dy(cm) d;(cm) Decision

3 -0.87 —0.67 —0.52 Stable 0.50 0.20 0.53 Stable
4 —0.36 —0.08 —0.04 Stable 0.17 0.09 0.14 Stable
9 —3.03 0.05 1.52 Unstable 0.60 —10.07 2.94 Unstable
185 1.65 0.07 -—-0.04 Stable 0.22 -0.86 0.34 Stable
1296 1.29 0.95 0.54 Stable 044 -1.22 —0.53 Stable
1896 1.40 357 —4.75 Unstable 3.19 -10.87 —13.37 Unstable
1996 24.67 —-22.88 —24.99 Unstable 115.80 —111.70 —-114.37 Unstable
2296 0.16 0.80 —2.04 Stable —-1.02 —1.05 —0.78 Stable
2396 50.98 —-44.04 -25.05 Unstable 368.08 —364.26 —201.37 Unstable
2496 29.11 -27.57 —-25.43 Unstable 150.21 —148.34 —-140.60 Unstable
2796 0.30 -0.21 -0.22 sStable —0.40 -0.13 0.22 Stable
2996 0.16 1.62 0.05 Stable —0.88 —0.49 —0.90 Stable
5005 0.93 0.95 0.79 Stable —0.58 —0.22 —0.67 Stable
Tk41.k: transition matrix from timey to 741 Egs. (25) and (27) as follows (Acar et al., 2003; Acar et al.,
|2 unit matrix 2004, Yalginkaya, 2003; Yalcinkaya and Bayrak, 2005):

Equation (24) is the basic prediction equation of Kalman

Filtering (Acar et al., 2003; Yalginkaya and Bayrak, 2003; [ ¥, I _ V§ r4l
Yalcinkaya and Bayrak, 2005). The system noise is consid = k+1 7 ’ ’

. . lesa Akl VL k41
ered as the noise matri& that consists of the terms of the Qoo 0
last column given in Eq. (24). Qi = |: YY.k+1 ] (28)
0 Qi k+1
Yit1 = Tkork ¥i + Scrtk + o (25)

By this model, motion parameters and cofactor matrix are

computed. Kalman gain matrix is given as follows:
Quy i 1=TkaLk Qv-v— k Thi1 k+Scr1k Quwk Si41k(26)

_ _ T _ T -1
whereay: the random noise vector between perigds and CGret1 = Qvv. k1A (Qktd + AkraQyy 41Ak4)

T -1

i _ _ = Qvy k+1Ak+1Pxi1 (29)
Qv-v-k: the cofactor matrix of state vector at timg

Qww.k: the cofactor matrix of system noises at time Using the equations above, innovation veatgys, state vec-

The random noise vecter is uncertain and as a rule it tor filtered at timey . 1; Y., 1, predicted state vectory , ;,

cannot be measured. Therefore, &grpseudo observation residual vector of observations at time; can be computed
vector can be used as=0. The effect of noise on positions py the following equation:

can be determined from former experiences. Its effect on the

motion and acceleration, however, can be hardly predicted-g,,, —Axs1 I
(Acar et al., 2004; Yalginkaya and Bayrak; 2002). Yo | |1 —Gk1Aks Gk+1 [f/k +1] (30)
The residual vector for the observations at periael is Vg1 || TOk+1AK+L Gk+1 lit1

formed as follows: VL, k1 QuickDit 1AL —QukDicy

Leyr + v g4t = AkaYigq (27)  Actually, the filtering phase is based on classical least squares
adjustment. The most important difference from the clas-

lx4+1: measurements at timgy 1 sical adjustment procedure is that, contrary to the classical

v, k+1: residuals approach, in the filtering the number of observations can

Ak1: coefficients matrix be less than the number of unknowns. Through the filter-

Y, ,: state vector at timg11 ing, adjusted values of state unknowns are computed using

The matrix form of functional and stochastic models of weighted combination of measurements and a priori estima-
Kalman filtering technique can be obtained by combiningtions (Acar et al, 2004, Yalcinkaya and Bayrak, 2002).

www.nat-hazards-earth-syst-sci.net/8/213/2008/ Nat. Hazards Earth Syst. Sci., 2222908
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Table 2. Movement parameters determined with Kinematic Model between March 1997 and October 1997.

March 1997—October 1997

Displacements Decision Velocities (cm/month) Decision
Point Number dx (cm) dy (cm) dz(cm) X Y Z Vx Vy Vz ax ay agz

3 —0.90 —0.44 -044 - - - -0.04 -0.02 -0.03 - - -

4 0.07 —0.12 022 - - - -003 -0.01 -002 - - -

9 —2.60 -0.11 17 J - 028 0.03 038 - -V
185 0.67 0.16 004 - - - 0.00 0.01-0.03 - - -
1296 0.68 0.28 069 - - - 0.02 0.02 0.03 - - -
1896 219 -3.02 —-4.05  J V 027 -044 -061 . J
1996 25.14 -22.04 -2331  J 358 -315 -333 J J
2296 —0.13 —0.07 -046 - - - 0.03 0.01 0.01 - - -
2396 49.65 —-43.40 -2507 J 712 -6.20 -356
2496 2854 -2793 -2549 / J 413 -397 -359 J J
2796 0.00 0.25 012 - - - 0.02 0.01 0.02 - - -
2996 0.30 0.44 051 - - - 0.06 0.04 0.08 - - -
5005 0.46 0.17 0799 - - --002 -0.01 -001 - - -

Table 3. Movement parameters determined with Kinematic Model between March 1997 and October 1997 and April 1998.

March 1997—-October 1997—-April 1998

Displacements Decision Velocity Unknowns Decision Acceleration Unknowns Decision
(cm/month) (cm/mont®)
Point Number x (cm) y (cm) z(em) x y z Ux vy vz vx vy g ay ay a; ax ay ag
3 0.51 0.50 064 - - - 0.07 0.05 0.05 - - - 0.00 0.00 0.00 - - -
4 —0.66 —0.53 -041 - - - -005 -0.03 -0.04 - - - 0.00 0.00 0.00 - - -
9 1.79  —9.68 441 4 091 —150 001 ¢ - 009 -012 -003 -
185 0.50 —0.03 019 - - - -001 -0.01 000 - - - 0.00 0.00 oo0 - - -
1296 0.39 —0.25 -004 - - - -002 -003 -005 - - - 0.00 0.00 o0 - - -
1896 4.08 -9.99 -1198  J 0.03 -064 -064 - [ L -—0.02 -0.02 o0 - - -
1996 116.99 —111.09 -11221 ./ .,/ 1049 -1055 -1036 . . 053 —057 —-054 J .
2296 0.06 —0.03 019 - - - 0.02 0.01 0.04 - - - 0.00 0.00 0.00 - - -
2396 367.96 —364.20 —20141 / J . 4188 -4315 -2354 J J J 268 -284 154 J J
2496 150.95 —148.32 —140.26 ./ . 1467 -1452 -1414 / J 4 081 -081 -081L  J
2796 0.58 0.72 066 - - - 0.04 0.03 004 - - - 0.00 0.00 000 - - -
2996 0.02 0.18 0238 - - - 0.00 —-0.01 0.00 - - - 0.00 0.00 0.00 - - -
5005 —0.38 —0.26 010 - - - -005 -003 -004 - - - 0.00 0.00 0.00 - - -
4 Numerical application 4 Trimble SSI receivers. In all periods 2 sessions of GPS ob-

servations (10 min at each point) were realised. The data has

been processed using commercial Leica SKI-Pro software.
In order to determine the point displacements in the landsliderhe measurements in each period have been adjusted through
area, a deformation network consisting of 13 points was sefree network adjustment procedure and their adjusted values

up. The control points were established in stable areas ouind variance-covariance matrix have been computed (Acar et
of the landslide region. The locations of the deformation g 2003).

points were determined according to the geotechnical inves- As a first step, a static deformation analysis was carried
tigations in the landslide region. The geodetic measurementgyt through the evaluation of adjusted coordinates and their
used in the project were GPS measurements that were carrighriance-covariance information. In the analysis of all peri-

out in four periods between July 1996 and April 1998. In ods, Codeka3D deformation analysis software was used. The
this study, the measurements of periods March 1997, Octoresylts are given in Table 1.

ber 1997 and April 1998 have been evaluated. The GPS data
was collected in rapid static mode using 6 Leica SR399 and
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Fig. 3. Horizontal displacements by kinematic model between Fig. 4. Vertical displacements by kinematic model between March
March 1997 and March 1998. 1997 and March 1998.

As seen from the results, significant displacements in thedent motion parameters, have also been computed by the ap-
positions of 5 points have been detected. Out of these pointglication of kinematic deformation analysis.
point 2396 has the largest displacements in its coordinate
components.
In the second part of the study, the kinematic deforma-5 Conclusions
tion analysis procedure based on Kalman filtering technique
as described in the previous section has been applied. B this study, a kinematic deformation analysis procedure
the application of this model, not only the point displace- hased on Kalman filtering technique has been applied on a
ments but also the motion parameters of network points havgiata set collected in a landslide area by GPS. In addition to
been computed. Afterwards, it has been tested whether or n@hjs technique, the data has also been analyzed by static de-
the obtained results are statistically significant. If parametergormation analysis. Two different approaches yielded identi-
have significantly changed in kinematical modelA"Sign  cal results. However, the kinematic model has some clear ad-
is given in Table 2 and 3, otherwise a"sign. vantages. For example, in kinematic model time dependent
Table 2 shows the results of kinematic deformation anal-motion parameters of each point can be determined. Step-
ysis for the period between March 1997 and October 1997wise computation of motion parameters eases the control of
The results are almost identical with the static analysis rethe computations and the interpretation of the results.
sults given in Table 1. In Table 3, the results of kinematic |t js obvious that, for the computation of motion parame-
analysis for the period between March 1997 and March 1998ers or in other words for modelling the motion, more mea-
are given. In these tables, point displacements, velocities angurements are required. This is actually the main drawback
accelerations are given. Figures 3 and 4 show horizontal andf kinematic deformation model approach. In this study,
vertical displacements in the period between March 1997 angh order to overcome this problem, Kalman filtering tech-
March 1998, respectively. nique has been conducted for the computation of motion
According to the results given above, kinematic model parameters. The main advantage of Kalman filtering tech-
yields almost identical results with the static deformation nique is that it requires less measurement period. However,
analysis. However, additional parameters, i.e. time depensince the Kalman filtering technique employs prediction, the

www.nat-hazards-earth-syst-sci.net/8/213/2008/ Nat. Hazards Earth Syst. Sci., 222808
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kinematic behaviours should not be extended unlimitedly byErol, S. and Ayan, T.: Analyzing the Deformations of a Bridge Us-

extrapolation. ing GPS and Levelling Data, in: Proceedings of International
The study area discussed in this paper is a landslide area Symposium on Modern Technologies, Education and Profes-

where a multi-disciplinary project had been conducted. The sional Practice in the Globalizing World, Sofia, Bulgaria, 6—7

project partners are geodesists, civil engineers and earth sci- November 2003, 99-109, 2003.

- f . Erol, S., Erol, B., and Ayan, T.: An Investigation on Deformation
entists. However, this study focused only on the geodetic Measurements of Engineering Structures with GPS and Level-

deforr_‘natl_on momtormg process. Itis clear tha.t, t_hrough the ling Data: Case Study, in: Proceedings of International Sympo-

c;ombmanon of different .data sets, a more realistic deforma- ¢,y on Geodetic Deformation Monitoring: From Geophysical

tion model for the landslides would be produced. to Engineering Roles, Jaen, Spain, 17—19 March 2005, 244—253,
Following the landslide monitoring project, many build-  2qgs.

ings in the landslide area were destroyed. In addition, some4aberler, M.: A Fuzzy System for the Analysis of Geodetic Land-

preventive measures were taken in and around the landslide slide Monitoring Data, in: Proceedings of the Third European

area. The authorities do no longer give building permission Conference on Structural Control, 3ECSC, Vienna University of

in the study area.

Technology, Vienna, Austria, 12—15 July 2004, Vol. 4, 33-36,
2004.
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