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ABSTRACT. The dynamics of block—type slope movements on travertine hills of Spis
Region in Eastern Slovakia have heen stadied by means of fissure monttoring and
physical photoplastic models. A new interpretation of the investigated deformations
is given. The wmodels show the process in which different block stractwres of the
marginal zones of the hills originate as the effect of inclination in the underlying beds
of Hysh st

toppling like that found at the castern slope of Drevenik Hill or Block towers slipping,
al their base while toppling inwards. like those at the apposite slopes of the same hill.
NMonitoring of

movenents and /or data about stable hill sections showing present deformuations in i
phase of  long termn deformation process which can he stadied in physical maodels.

successiully.

INEYWORDs: block=type slope movements: ph,
mations.

I INTRODUCTION

Slope deformations
clavey
apt to shiding, notably noder condition of high permeability of sandstone
During periods of abnorial rains pore pressure niay inerease i them due to water
saturation to
process results in slope instability and catastrophic faihiwres. Fhis phenomenon is
well known from Carpathian flysh and recent fandshdes after tomential rains of
sunier 1997 when precipitation sns reached 300 to 500 per cent of along term
monthly average in the Vsetin region of Beskydy Mis. (Czech Republic) were very
extensive aud dan

This type of failnre struck superlicial zones where flysh strata onterop directly
on slopes. However, flysh strata miay show instability even in depth, boried per-
manently nnder the water
occur. Deformations X
with relatively rigid blocks which overweight their plastic bedrock. This is the case
of hlock—t.
aside. It 1s especially the marginal
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deformations due to instability in the undertying beds. Such delormations were de-
scribed recently in general (Pasek & Kostak. 1977) as a phenonenon appearing in
different areas in different sitnat

plastic bedrock.

2. INSTABILITY OF TRAVERTINE KNOBS

One of the most mteresting examples of block type slope deformations in Central
Europe is the area of travertine heaps or knobs in the center of Spis Basin in Eastern
Slovakia. The t
medieval Spis Castle on the top of oue of them. and the nearby Drevenik Hill as the
second one. Researchiers interested in block
cracks in the old castle walls (Nemcok & Svatos. 1974) with signs ol separation
wovernents which did not look like being a result of disintegration of elderly rnins
ouly but rather heing signs of travertine block slips in castle Tonndations. Those
cracks were considered as the
occurred after the constriretion ol the castle. which took place in the middle of
the 13™ century. The deforimations then occurred obvionsly in the period of the
last seven centuries. A guestion has been raised whether the defornnation process
stopped or not seen in Fig. |
which show the position of an ontstanding block. the so called Pernn Rock. with
some niedieval stonemasonry on its top.

Cross section through Drevenik Thll. a neighbom knob of the Spis Castle (Fig. 2).
shows the striuctire ol the knob according 1o an older geological documentation.
The schenie shows blocks slipping generally apart and downslope on diretite hedrock
of flysh strata. mclined generally to W, According 1o the schieme. individinal blocks
rotate in the slipping process like cards
resting belimd on borli sides ol the Inll slopes.

Obviously. the geologist can make sieli a scheme of the cross section having
general documentation of the surface with only indirect indicia of the situation
in the depth. What is kuown is that nnmerons caves can be fornnd under the
blocks. and fissnres between rock blocks are parallel with caves which idicares the
deformation process due to mstability i the hedrock. However. the meclianism of
the deformation process conld not be described in amore detail. and was estimated
ouly. In fact. even some detailed field observations may difler from the above
cross section of Fig. 2. On the phiotograph of Fig. 3 showing Drevenik Hill we can
observe towers of travertine blocks in a little different conlignration. The pictire
is taken at the eastern margin near the hill top where the flvsh bedrock s dipping
into the knob and rock blocks show inclined positions of the form of a fan. Their
heads are toppling
inclinat
from dipping westward on the lilltop to dipping eastward on the slope. There is a
regular increase in toppling of the block towers eastward
indicates a process of toppling in the block with stonemasonry ou the top.

the toppling was explained by caving, since a cave has been detected nnderneath.
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The wall crack N of the main Spis Cast.

supposed to evidence movernients of travertine hlocks in

e gate which was

the castle fonndations. The crack separates a limge block
of travertine called Perun Rock (right) from a stonema-
sonry wall (left). and indicates opening. transversal dis-
placerent and rotation of the Pernn Rock. The first point
of movernent monitoring.

Trhlina v obvodove hradni zdi severne od hlavai briny Spigského
hradu. Trhdina odd@&luje mohutny blok travertinn nazyvany Pernnova
skala (vpravo) od kamenndho zdiva (vievo). Naznacuje rozevieni.
pricny proklnz a pootoceni Perunovy skily

znamkon. Ze travertinové bloky zakladin hradu nejsou stabilni. Zde
byl osazen prvy bod kontrolnilio sledovani pohybio 1,

Cross section through Drevenik Thll according to geological

documentation given by Nemcok & Svaros (1971)

Pricny fer Drevenikem. (Podle Nemcok & Svatos (1974),
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F1G. 3. View of travertine blocks in the eastern marginal zone of

Drevenik Hll. Tere

tton as il rotated witl their heads progressively downslope
pr

tine knob in the neighborhood of Drevenik Hillis towering
in backgrouud on the second horizon.

Pohled na travertinove bloky na vychodning okriagi Drevenikn, Bloky
se stavi v progresiviich naklonech po svahin do formy véjire. 7 sonsed-
stvi Dreveniku se nachiazi dalii travertinoveé 1éleso se Spisskyan hri-

demn. ktery je patny v pozadi na deahém horizontn,

Such details depend on the mternal mechanism of
the massif and may be nportant
evaluated. To understand better the process and conditions due to which it may
be evoked. there was a demand f
investigations. Therefore, several
among thiem. were instrinnented to monitor potential movements bhetween hloceks
directly.  Later. even a series of

movelnents, were prodiced.
3. BLock MoOVEMENT NMONITORING
Earlier

caves, and even evidence ol gravitational def

caner
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atd coven onthned vhe monnoring resules of vhe deformanion measurerment an Spis.,
obted i the icrodiaerory period ol the monitoring oreanized i cooperation with
the anthor of this works T herefores the deseription ol details and det

dravwines anven by Possganger will noe he repeated heres Tlowever

cominned . and resnhis ol the prolonged period ol measurement will e hricfly given
therealvers wile necossary information that follows.

e potms on eracks ol the Spis Castle were seleeted for monitoring and in-
strutented in FOS Crack gaees EXITE warking on meclianiceal oprieal prineiple
(hiotre b were uscd as movement indieators (INostak. 199 1),

he tstromcnrs were nstalled on steel holders cemented o shallow hore-
holes o che opposite walls ol the investigated eracks o ndieate 301 relanve dis-
placements hetween the two sepirated haodies. Resnlting movements are therelore
resistercd e thres Cartesian coordinates roprescinng crack opening or closing (.
coordinate ) horizomal shearing (g coordimane). and ven
crack (. coordinate). Orientation ol the coordinates is mdividual ar the paricular
poins. with - g
apening due to slope movenents.

Ioest pornl i
e zome ol the castorn slope ol Spas s
movernent ol Poran Woe

SNecond promnl 172 Tias heen s L \
masonry ol an open wall ceacks The wall s orrenred vo WA downslope. add
reprise nts e connection between the external formficoion wall willi the cenral
teavertine el Boas instramcented to maonnor slope movement i for
with fonndations on the slope
axiallv eche walls res downslope awai

Plhooed pont 14 T been installed inoche northerms seetor ol the castle ontside
the fortificanon. mstrmmented 1o monitor relanve movements hetween two ligh
travertine hlocks in the steepest slope ol the Spis Casele T Tncorhis case o axis s
artented mmsnally,
toverm nts hetweon the nwo blocks astdes while e is vhe 1 axis. whieh s orented
downslope tndieating shear in the Tissire,

Liver i anothoy pliase ol oniroring. other sixopoins were mstemmented. This
pliese started an 19920 T wo points were located close to the poim L poart M
above the Perine Wocke pond
were located ontside the fornfications. gt on the Tl stopes. intended ro monitor
individual travertine towers However he omeside poines Bind beensdemolished soon
Lo Toeal vandadisi, sorhar nowas nmpeo b ' ¢
ol several actemprs toreconstrn et the pormes. il now. the miain results come from
the orie I
even those eastrcients lave heen anterrapted. points P oand P demolished
also and pone P2 vcmoved during reconstraetion works in 19910 Toospite of sueh
problems mreresting resules have heen obtanned,

Powds 10 T and 1V 2 nonitor 0

agrams ol the displaccments are o Frgs 100 and G2 The orientation of co ordinates



130 B.KoO3TAK

i those

— lissure opening; 4y — sinistral movement in the fissure: 42 — vertical shear in
the fissure. i.e. subsidence of the Perun Rock in respect of the ontside blocks. One
can see that co—ordinates in Figs 4 and 5 are parallel. It means that fissires above
the Perun Rock open gradually with sinistral movements between their side walls,
As for the co-ordinate =it develops to negative values. whicli means displacermnents
opposite to siubsidence. Looking to Fig. 6. we may notice again sinistral moverent
in y. while opposite treuds in o (lissure closing). and = (Perun Rock subsidence).
Considering results from this three points with respect to the Perun Rock. we may
couchide permanent tilting of 1t down the hill (opposite walls moving opposite ver-
tically), and downslope shifts

change) with an additional subsidence of the Perun Rock (the lower fissure indicat-
ing more than twice the subsidence rate of the npper one). There is comncidence in
PT and TMI in the fissure opeuing rate between 1992 and 1995 (abont 2 per
3 vears). There is also an indication of acceleration of the process i this period
in all the three diagrams. The finding of the Pernn Rock tilting coineides with the
situation of the block in Fig. I thns proving that the process is active. continning
front the period of the castle construction.

Pomt P2 (Fig. 7) which monitors deformations in the western section of the
castle, indicated sertous dextral movements in the old stonemasonry erack. ie.
displacements of the external fortification wall to NNW. The moverent is quite
regilar and reads about T unn per vear with a siimltaneons crack opening ol abomt
030 aud vertical shear of abont 0.29 0 per year. I that the vertical shear
is negative,

Such a finding 15 ina good agreement with Fassganger's (FO8H) results. who had
not more than three vears ol observations.

Point P3 (Fig. 8) installed in the northern sector of the castle hetween high
towering hlocks ontside the fortification. has not indicated any trend ol moverent
showing that this section of high blocks may he considered stable at present.

Other pownts have not shown clear results. either die 1o a short period of opera-
tion. or due to repeatable demolishing. Additional details were described separately
(VIcko et al.. 1998). However. results from the Perim Rock on the eastern slope. as
well as those from the western slope side conlirined the deformations as presently

active.

4. MODELS OF BLOCK STRUCTURE DYNAMICS

To contfirm the deformation process of the travertine disintegrarion and to gain
an additional mechanical explanation of it a series of model experiments has heen
performed. The models of this type were developed in our laboratory (KNosfik.
1977: 1982). Such models can be useful to provide the insight into the mechanism
of many different geological processes, haviug the ability to produce rhieological
deformations aud finally even structures in real thne. therefore to show dyanies
of the process. and tite developuient ol the studied striectires (Kostiak & Zeman,
1982: 1990). Althonugh Spis Castle deformation monitoring started not earlier than
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[mm] displacement x, y, z P1
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Fia. 4. Displacements recorded at the point P11, between the Pernn
Rock and the wall N of the mam Spis Castle gate shown
m g 1.
+a— fissure opening: 4y — simstral movement i the
fissire: 4+ — vertical shear i the fissure. e, subsidence
of the Pernm Rock i respect of the outside blocks. Years
indicated at the end of intervals.

Posnny zaznamenand v bodé P1omezi Perunovon skalon a adivemn
severné od hlavid brany Spisského hradn (viz obr. 1).

42— roziiteus trhliny: +y levotofivy proklnz v otebiline: 42—
svisaly sk na tehling o). pokles Perunovy skaly relativing vadi okoli.
Letopodty na kouci intervihi,

i the vear of 1979, with a prospect not to come to any definite results before
a period of several years of repeated measurements, the fiest model experinents
imto the defortation of Drevenik type were finished and evalnated as early as i
1976, and then published (Kostiak. 1982). The model ol Drevenik deformation was
provided there as an example of a successtul application of such a model work.
The models nse agar—agar gels of very low coneentration in water as the main con-
stituent. The Lot solution is heing ponred into transparent vessels. After gelanion
in the vessel the material is ready to be studied nnder external loading conditions
combined with the body weight ol the gel itself. All kinds of different howndary
conditions can be created. In the case of travertine heaps which represent lavers
sedimented on the top of shghtly inclined fysh strata. the original situation can be
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[mm] displacement x, y, 2 TMA1
1.00 — : .
J LT R W o T R ety e
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= /-' ~— - |
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5 ‘-‘-__ s .,’,'-___" e ST g LI S ““«.Z
-1.00 —
-2.00 —
i ‘X
Tl ERSSE | SNCISI VISP | S T T S—
1991 1992 1993 1994 1995 1996 1997 1998
I'16. 5. Displacements vecorded at the point "IN es e a Trontal
crack abont D distant from the point P1oat the Pernan
Rock (Fig. 1). Coordinates of the movements see Fig. <.
Posuny zaziiunenandé v hode TN )0 v Selnd irhlind asi S pied
bodem P1on Pernmovy skaly (ohe. 1), Souradng svatdim jako v obr, -4
supposed very snnple a homogeneons block with a free edge. loaded hy model

own weight. and sitting on a slightly inclined (5 1o 10 deg) slippery hottom hav-
ing enongh time to deform. Becanse somme predisposed snperficial fracturing of the
travertine could have been supposed. o row of rigid blocks had been Tain on the
model surface. The blocks increased the load being disposed to beconie hieads of
the towers that were supposed 1o develop in the model. As for the free edge. an
edge partition 1n the vessel was slowly removed leaving the gel hody free to expand
and move ont to a side. The opposite edge was left shut off providing internal
conditions of the model body. In such a way a cross sectional model of a lieap
was prepared. After producing the edge free honndary condition. the model was
left to develop its structure. First. viscoplastic deformations started i the body
spreading slowly towards the free edge and cracks started to propagate. leaving
Ligh tower—like bodies under the top rigid blocks. and toppling appeared.
Observations procecded in polirized light. Due to optical sensitivity of the model
material. stresses that developed in the model hecame observable by light colors
while nloaded patehes rest dark. The deformation process took several honrs
and was grasped by filming.  Tudividual snaps ol nmiportant phases are given in
series of Figs 9a aud 9h with tine indication (honrzmimmte). Rigid blocks are not
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[mm] displacement x, y, z TM2
3T T

2/00==—

1.00

0.00

T T

-1.00
1991 1992

— T T —T I — e = |
1997 1998

1 | — T

1993 1994 1995 1996

Fici. 6. Displacements recorded at the point 'TN2 on the onter
side of the Pernn Rock. Coordinates of the movements see

Fig. 4.

Posuny zaznanenand v hode TN2 ta vn@jh steand Pernnovy skily.

Sontadny systém jako v obr. o,

transparent, therefore shown as hlack rectangles. Below them. the iodel hody was
splitting to tower—like blocks whicl are mioving slowly

of

free edge slope and alter a time of internal preparation in the depth of the model
body, where rlieological processes were going on. it reached phases when the whole
body was visibly involved in the defor

str

The last phases were chiaracterized by an overall disintegration ol deeper zones
wlile some remmants of the tower heads rest sitting as honlders on the top of it.
\arginal bonlders show dowuslope inclination while two Last honlders accepted an
opposite position.

[f we compare some of the advanced phases of the process as observed on the
model with the block sitnation given in the photo ol Fig. 3. we can see i good
sitnilitnde. However, the detal given by the anthors of the cross secetion ol Fig. 2
does not coineide with onr resilts and photo g, 3. as to the toppling orientation.
There is block toppling ontwards rather than back rotation at the eastern stope of
Dreveuik Il Obviously, the hill is i a stage of an advanced decomposition. which

is most active 1 the marginal zones die to gravitational deformations. The (lvsh
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[mm] displacement x, y, 2 P2
5.00

W T 1
1991 1993 1995

-15.00 —_—
1979 1981

1
|
WS

I I
1985 1987 1989

1
1983

F1G. 7. Movements recorded at the point 1’2 i the old stonenia-
sonry crack of the external fortification wall in the western
section of the castle. Coordinates of the movements see
Fig. 4.

Posuny zaznamenandé v hodé P2 ve staré trhling zdi vi@jsiho opevneni
vozapadnd Gasti hrada, Souradny systém jako v obr. 1

strata provide an unstable hedrock and their inclination plays an interesting role,
which may explain the discussed difference. The side where it is dipping mward
does not leave enongl freedom for the tower roots to slip towards the external
slope. Therefore. the towers start ofl in outward toppling instead. However. on
the opposite side where the tlysh strata are inclined a little downslope. the freedom
exists, and the margin provides thus conditions for the towers to slip more easily
at their base while toppling inwards.

Observer night notice a lot of other details in individnal stages of the niodel.
compare them with reality, and have a chance to make other interesting dediictions.
Now. wheun evidence of the present movements of Spis Castle hlocks has heen gained
by monitoring, we can see also well the comcidence ol many facts and follow the
experiment 1 omore detail. Notably. it is even the Pernn Rock at Spis Castle,
where the process of toppling will be of the saime character as that of Drevenik,
It was anticipated that 1t s dne to the subsidence m local caves that rock blocks
topple. However, the fan-like toppling is more generally dne to mclination of the
underlying beds. The presence of the caves can be considered generally as a resnlt
of the deformation process, a phenonmenon of a certain deforimation phase. rather
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Lmnrg] displacementx, y, z P3

0.00+

-1.00

-2.00 s
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] T T T T T T T T ™ T T T T T T T T T r

T T |
1983 1984 1985 1986 1987

ra. 8. Displacenments recorded at the point 3 installed i the
northern sector of the castle hetween high travertine blocks
ontside the fortification. Coordinates of the movenents see
Fig. 4.
Posiny zaznamenand v bodé P30 Tento mieiici hod je v osevernim
sektorn hradu mezi vysokymi travertinovvimi bloky vué opevnéni.
Souradny systém jako v obre. 1.

than a special and necessary local condition responsible for such block movements.

5. CCONCLUSIONS

Complex investigations on the Spis Castle and Drevenik hills of Spis Basin in
Easteri Slovakia. which included model investigations and field monitoring. re-
sulted i a proof that the travertine kuobs are presentiy nnder an active process of
block type slope deformation and may be given as a typical model exannple of such
deformations. The process is due to conditions provided hy flvsh appearing in the
underlying beds. The beds are slightly inclined whicli results in the nneven types of
marginal block toppling. notably in the peculiar fan-like forms fonnd at the eastern
imarginal zone of Drevenik Hill not conmmnon on the western side. Displacenients in
cracks reach rates of abont | iiun per vear in the most deformable marginal sections
of the hills. Otlier sections do not show any siguiticant nmoverments at present. he-
ing probably 1n a phase following catastrophic failure. which released energy and
rediuced the rate of the process. This can he derived from the models which show
alteration of catastroplie falls with prolonged periods of slowdown. Such a sitn-
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tirne: 0:25

titne: 0:00

thne: 1:38

thme: 146

i, 9a. Laboratory model of Drevenik rargimal zone i time dy-
HAtes.
Liportant phases are given in series of photographs (Figs 94 aud 9b)
with time indication (honrsminute), (Notice the small inelination of
the nnderlying stratia, coincident with that natwral found in Hysh.)
a) Initial stages (il the first phase of vulside toppling:

h) Progressive stages of topplivg till a final disintegratiom.
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tiie: 1:56

&

tine: 2:09

tine: 307
Al ornd I||“||1'|lil;|.1i<|\'1“ Zony Dievenikn v casove postigjici |...-|<.n||-
nosti dyonamickeého vvvn

Dileziteé fAze vyvaje json zachyceny na snimcich (obre, Y9a a 9h) s

zaznamem casu (hodina: minata). Dolezitsan Gaktorem jeomaly ndklon
podlozi. ktery soulilasi se skutecnym naklonem v prirodé, ve flysovém
Mrl—l\':l'nl\'l’ |r-|il|il!i |-|u|\'l|.

it ) [Tvodni Jaze vyvope do stadia vyblancwr ok,

h) |rj.'".'_fj.l'r sirne _Ilru.l o Il,-f"."-r wend bloku as b ou I--."J- e rospa du straktuy U
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ation of present stability. holds probably for the section of the highest blocks of
the northern edge of Spis Castle. where any regular displacements conld not be
detected by mounitoring at present. Models that were presented can be very useful
in such imvestigations to show the dynamies which appear in the past. present. and
future phases.

The exaniple provides a lecture that instability mmst be expected under sinilar
situations. where rigid blocks overrnm plastic bedrock. This may be practically
nuportant in the case of inany historical structures. like castles built on outstanding
rock blocks. When they got to a stage of reconstruction. the long temn stability
question s to he considered.  Any reconstruction calls for the need for seriously
ligh funding. and eracking which would not be anticipated may result in loss of
money. This is the case of Spis Castle. Such a structure cannot be pertmanently
stable. when having moving foundations. In such cases the design must take rhe
problenis of permanent slow deformations serionsly into acconut.
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MODELOVA A POLNI STUDIE DYNAMIKY
VZNIKU BLOKOVYCH STRUKTUR NA SVAZICH

Blahoslay KOSTAK

Travertinové kupy ve Spisské kotling vychiodniho Slovenska json vvnikajicing pri-
kladem plonzivyeh blokovyeh svahovy el polivbin. Jde zejiména o Spissky hrad aoveeh
Drevenik. Vyzkium (Nemcok & Svatos, 1974) si povsinul starveh tehlin v opevinendi,
které mmsely vzniknont pozdeji. nez byl tento hrad ze 13, stoleri dostaven a 1o v
dusledkn posunn ziakladovycel blokn. Na suiinka (obr. 1) je trhitina v opevinent u
Perunovy skily s opeviiovaci vezi niovechobn, Tehdy také vznikl prieny rez sonsed-
nime Drevenikem (obr. 2). Podle 1ohoto rezu bloky klouzaji na tviarlivén thysovém
podlozi do hokn priklanéjice se vicholy k masivin jako karty. Tento zobecueny popis
ma vsak dulezité vyjimky. Napr. snimek z vyehiodnilio svalin Dreveniki (obr. 3)
vykaznje vejiroviton strukturn naklanejicich se blokn. Takeé obr. | naznacnje naklo-
ny po svaln. Tyto odehylky json dusledkem odlisné dynamiky vwvoje defortuaci a
ovlivimgi stabilitiui poméry na svalo.

Za ncelein ovértt skntecné polivby téchto hloki v soncasnosti hylo v roce 1930
zahdjeno dlonhodobé sledovani mikroposmn s ponzitim tercovyeh meridel (Kostik,
1991) v nékolika vyznammych tehilindch na Spisském hrade, Sitnact mernyeh bodn
na liradé a prvé vysledky popsal podrobneé Fassgianger (1985). Pozdey zde bylao sle-
dovani rozsiteno o dalsi body (Vicko et al., 1998). avsak opérovie ta bhyly vindalsky
demolovany. takze hilavini Odaje json z hodu wvniti opevneni. Zde se proto podivaji
vysledky (obr. 4 az 8) zalozené predevsim na puvodnich bodech a shygmjici fizi
miéreni az do nedaviého dokonceni rekonstinkee hiradn.

Primé sledovani potvrdilo. ze blokové polivby json na Spisském hradé aktivni v
nekteryeh svaliovyel sektorecli. jako je sektor Pernmovy skily. Sonstavué dlonhiodo-
hé polivby v trhlindch tn dosahuji Fadove 1 /rok. Naopak oblast vysokyeh vezi
severniho vyheézkn polivhy nepotvedila.

Byl rovuéz zhotoven lotoplasticky [vzilii Ini model schematizované hlokoveé strik-
tury na tvarném podlozi. ktery mmoznil sledovini ¢asového dynamického vyvoje jeji
deformace v piicnéni rezin. Fento madel byl zkonstrnovian origindlning postupen
(Kosfak, 1977: 1982) mmoznnjiciin vyzkium vvoje pornseni struktur v polarizova-
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uér svetle. Hlavni faze deformaenilio vivoje v tomo nmodeli json zachyeeny v sérii
sufmkn na obr. Y. le zde predveden vzuik vejiroviné struktury naklanejicicl se vesi,
Stronkinra vznika v zavislostt na naklonu podloznich vistev. Naklon simeretn do nitra
masivit brani ¢astecué proklnziun v zakladech vézi, zatinco na opaéné strane ni-
klon ven z masivi polivby v zakladech po svalia podporije. V' obou piipadech viak
tvarnost podlozi vede k dlonlhiodobyni deformacin. svahiov¥im polivbum v vzniku
specifickych

Teuto vyzkuwm upozornnje ni skutecuost. ze tvto pohvby museji byt respek-
tovany. vzdor tomu. ze json malé. Zejniéna niakladndé rekonstrukee historicky el oh-
Jektu s nimi mmse i pocitar. Dlouhodobé polivhy v nestabilnich sektorech podlozi

se nntné nusi na rekonstrnovanyel objektech drive nebo pozdéji projevir.



