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Moderné metody a inovacie vo vyskume skalnych svahov
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Spustacie faktory

(Triggering factors)

* Infiltracia zrazkovej vody

* Cykly mrznutia a topenia

* Chemicka dezintegracia

* Tektonicka aktivita

* Vibracie- odstrely vlomoch
- zemetrasenia

* Korene rastlin

S.P.Pradhan- V.Vishal- T.N.Singh (Eds), 2019:Landslides: Theory, Practice
and Modelling. Advances in Natural and Technological Hazards Research, Vol. 50, Springer



https://www.google.sk/search?hl=sk&tbo=p&tbm=bks&q=bibliogroup:%22Advances+in+Natural+and+Technological+Hazards+Research%22&source=gbs_metadata_r&cad=6

Goodman a Kiefer 2000

Failure mode

(1

Description
(2)

Mechanizmy porusenia

Erosion, piping
Ravelling

lock sliding
on a single
plane

‘edge sliding

Eock slumping

Toppling

Slide toe

toppling
Slide head

toppling
Slide base

topplinﬁ

Block torsion

Sheet failure

Rock bridge
cracking

Slide base
rupture

Buckling and
kink band
slumping

Soil-type
slumping

Rock bursting

Gullies formed by action of surface or
ground water

skalnych masivov

Gradual erosion, particle-by-particle or
block-by-block

Sliding without rotation along a face:
single or multiple blocks

Skizavanie blokov (block sliding) po jednej $mykovej
ploche mdze nastat len ak je eventudlny blok
kompletne oddeleny zo vsetkych stran od okolitého
horninového masivu.

Sliding without rotation on two nonparallel
planes, parallel to their line of
intersection; single or multiple blocks

Backward rotation of single or multiple
blocks, moving into edge/face contact to
form one or more detached beams

Forward rotation about an edge—single or
multiple blocks

Toppling at the toe of a slide in response
to active loading from above

Toppling behind the scarp at the top of a
slide

Toppling of beds beneath a slide mass due
to shear across their tops

Rotary sliding in a single plane

Tensile failure and fall or sliding of
hanging sheets

Failure of intact rock that restrains block
motion, through compressive, tensile or
fexural cracking

Rupture of the rock mass beneath the slide
caused by slide-transmitted shear and
moment

Compressive collapse of columns or slabs
parallel with the rock slope face

Shearing with backward rotation. as in clay i b
soils . b <3 o

Hard rock under breaking stress s Tallan\sko
.__..._l.____.__L—......__._



Rotacné podkizavanie (rock slumping) je
porusenie, pri ktorom rigidné bloky spatne
rotuju za sucasného podklzavania

-flexuralne podkizavanie (obr. b),
-blokové podkizavanie (obr. c),

-kombinacia  oboch predchadzajucich
sposobov porusenia (obr. d)

odtrhova plocha

a)

mensie odtrhové




Toppling je mechanizmus porusenia
zvacsa s hlbokou smykovou plochou,
kde bloky stipovitého tvaru uklonené 1
po svahu maju tendenciu previsat

a kazda vrstva je podporovana len
pasivnym odporom susediacich
blokov leziacich nizsie po svahu.

- flexuralny toppling (obr. f)
- blokovy toppling (obr. g)
- blokovo-flexuralny toppling (obr. h)




Klinové porusenie (wedge sliding) sa
vyskytuje na konvexnych svahoch,
ktory pretinaju dva nerovnobezné
systémy diskontinuit. Takto vznikaju
prevazne stvorhranné bloky
obmedzené dvoma diskontinuitami
a celnymi plochami skalného svahu,
takze nie su potrebné dalsie bocné
obmedzujuce plochy na izolovanie
bloku od okolitého masivu ako
podmienky pre jeho usmyknutie.




Meranie geologickym kompaso

Describing orientation of geologic features with strike and dip
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Strukturna analyza masivu = zaklad pre stanovenie

Vysvetlivky:

- premurovanie a doplnenie licovye
casti muriva

- vyikarovame Sirokoroztvorenych
tektonickych trhlin

(ADC)Greif V. a Vicko J.:Key block theory application for rock slope stability
analysis in the foundations of medieval castles in Slovakia. Journal of
Cultural Heritage (2013) ISSN 1296-2074, 10.1016/j.culher.2012.09.001.)(in
press)
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Hrad Devin

Fos = 1,9743
pri ¢ =30"

Vypocet stability skalného svahu metddou
kI'uCovych blokov (KbSlope)

1998 |

F b Perrriprererr et faf s

1 2013

Octocopter XL

Priklad identifikacie nestabilnych blokov vo fotogrametrickom

plane juznej strany skalného masivu hradu Devin
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InZinierskogeologicky prieskum s cielom definovania
nestabilnych casti skalného masivu NKP Devin
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ZigBee datalogger s bezkontaktnym
snimacom posunu /vyvinuty na KIG/

Kapacita pamate: Vstupy:

~59,000 samples *4to20mA
Sampling rate: Once *0tolV

every second to once *0to50mV _
every 18 hours * PT-100 (2-wire)

Komunikacia: ZigBee * Contact (Open/Closed)

Bezdotykovy senzor |RadeAAEUE

2,4GHz e ThermocoupleJ,KorT \
Dosah: ® Pulse counter (Input 4 only)

Logger 80m LOS ® Frequency (Input 4 only) }'
Repeater 800 LOS i\

Regulator

Akumulator

Dataloger
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Lokalizacia: Prefektura Okayama
Takahashi City
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Geological settings
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devices

LVDT= Linear Variable Differential Transformer

Super-Invar Wire

AC Source
Movable | @ |
core
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Discontinuity
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0. 25mm iO Smm

LVDT senzory presnost
az 104 mm

Hrad Bitchu-Matsuyama (Japonsko)
namerané posuny v nestabilnom svahu

(ADC)Greif, V., Sassa, K., Fukuoka, H., 2006: Failure mechanism in an extremely slow rock slide at Bitchu-Matsuyama castle site (Japan). Landslides, 3(1), s. 22-38



Fyzikalny model skalného svahu s dvoma priebeznymi
systémami diskontinuit Sklon systému J, je 0°

A

R LER] -

Experiment:T,,,,(S/0° /+1

(ADC)Greif, V., Sassa, K., Fukuoka, H., 2006: Failure mechanism in an extremely slow rock slide at Bitchu-Matsuyama castle site (Japan). Landslides, 3(1), s. 22-38




Caso-krokovy charakter rie$enia pohybu bIokovp '

1. Model po 18 000 vypoctovych krokoch
2. Model po 150 000 vypoctovych krokoch
3. Model po 322 000 vypoctovych krokoch

4. Model po 360 000 vypoctovych krokoch




Synthetic Aperture Radar — Radar so syntetickou clonou

Satelitna radarova interferometria

— metdda stalych odrazovych bodov (PSINSAR)

:JI'-"I.GQI'H?. p-".‘esa?d a.'.vaE MTSR
_ MIPAS
synthetic length of SAR - =
- :
| | MERIS i SCIAMACHY
D\c B A MWR
{ . : Ka-band
h L. Antenna
: \ GOMOS
) A4 DORIS
[
'Jlla ) - =
. A Bt e

| e RA-2 Anlenna_t & . ¥ baid

= B~ Antenna
ll' ~——
____‘_-‘- p .. . o = J > o “‘-‘I hSAR
M & - = ":’l Antenna
|
Service Module
Solar Array
(not shown)

Launched 2002.2.28
C-band, Multpol, multi-mode

ENVISAT

Data : Envisat Announcement of
Opportunity



Aplikacia PSINSAR metddy
na zosuvoch v okoli obce

Lubietova

(ADC) Greif V., Vicko J.:Monitoring of post-failure landslide deformation by the PS-
InSAR technique at Lubietova in Central Slovakia. Environmental Earth Sciences, Vol.

66, No. 6, (2012), s. 1585-1595
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analyzy
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Lokalita: Ziarska kotlina
« ENVISAT
 zostupna akvizicia
» 24 SAR udajov

« obdobie: 2003 — 2007 J&

* koherencia: 0.65

Lokalita: Handlovska kotlina
* ENVISAT

« vzostupna akvizicia

* 19 SAR udajov

* obdobie: 2003 — 2007

* koherencia: 0.55
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Mt. Langshan (Cina) - Leipishi
Rockfall
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Legand
|-=.] Sandy conglomerate
+1] Conglomeratic sandstone

Medium sandstone
(71 sandstone

| sittstone
[ Finesiltstone
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F § : i R The retreatment of soft rock layer

Leipishi I and Leipishi II have the same lithology composition, so retreat of soft
intercalated rock layers before the rock fall of Leipishi I can be determined by the
Leipishi II, the soft intercalated rock layers strongly retreated and water seeped from
inside 4

The retreat of soft intercalated rock layers caused the change of the
stress state. For the signs: tensile stress (+) and compressive stress (-)
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The comparison of rock strength under different condition. 4 is The second stage of rockfall, two blocks collapsed from the stone pillar, the definite time of
the uniaxial mechanical strength of rocks that have been in 2% collapse now is unknown.

acid solution for 12 days.
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Geolodgia:
batolit 244 km?

Vilcabamba, 250 mil.

(perm-trias)

rokov, sivy granit s

vysokym obsahom

kremena, zZivca
Tektonika: vyznamné
Zlomové pasma,

heotektonicky aktivne

Sedimentary Rocks
uaterna Jurassic- Carboniferous
l:] Q v Cretaceous D Pormian u

:l Tertiary I:l Jurassic I:I Precambrian-
Devonian
[ e [

Triassic-
Jurassic

Igneous and Metamorphic Rocks

42y CretaceousTertiary volcanics [### 44| Mesozoic-Cenozoic intrusives

I:I Precambrian undifferentiated I:l Water http: //geology. abgut . com




Tektonicka predizpozicia,
vysoka energia reliéfu-
rozne typy svahovych




Akumulacia blokov- Quarry, pozostatok
obrovského skalného zrutenia

sposobeného zemetrasenim????7?7?7?7?7?7?
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http://www.britannica.com/bcom/eb/article/6/0,5716,81376,00.html%23Article
http://www.britannica.com/bcom/eb/article/6/0,5716,81376,00.html%23Article
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The International Consortium

on Landslides

international

C onsortium on

Landslides

Internatlonal consortlum of landslide 'research organlzatlons supported

by UNESCO and other special supporting organizations (WMO, FAO,
UN/ISDR etc.) founded in Kyoto (Japan) in 2002

The ICL promotes the International Programme on Landslides to conduct
international cooperative research, capacity building, for landslide risk

mitigation, the protection of cultural and natural heritage for society and
the environment



Rozloha: 1 285 220 km
Obyv.: 28 mil., indoamer. 45%
Mestici 37%

3 oblasti
2 obdobia
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Zvysok belosi Civilizacia predinkska:
& Cimo, Tiwanaku, Aymaru
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Prva zmienka
0 svahovych

pohyboch

Kalafatovich, 1963




Skalné zrutenie,
6000 m?3:

Carreno, Bonnard, 1997
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Merania diskontinuit a blokov
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Vyskum na Machu Picchu
partnermi v ramci ICL
z Ceskej Republiky,
Japonska, Kanady, a
Talianska



of Rock Structures at Machu Picchu, Peru

(Ceska Republika)




Geomorfologicka mapa Machu Picchu
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B Fig. 4.6. An example of irreversible movement by dilatometric mea-
surements (site Temple I). Blue dots: Current measurements; red-gray
dots: special control measurements
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Odozva bloku - Catarata 2 na zmensené
zemetrasenie Pisco 2007

Bod merania

Greif V. a Vicko J.:Earthquake response analysis of the Catarata 2
rock block at Machu Picchu — Peru. Proceedings of the 1st World
Landslide Forum. - Tokyo : United Nations University, 2008. - S.
231-234




Termo-mechanicky model spravania sa telesa
PravcCickej brany v zavislosti na rocnych zmenach 4
teploty

Bohemian Switzerland NP
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Termo-mechanicky model spravania sa

Vo . ' ' - -
telesa Pravcickej brany v zavislostina =, [ ——————"7
a : s : " —&— y displacement at A |J
e L 2 ' S % Giapisianent his
rocnych zmenach teploty ) S N
E 2‘ S | (s # I3 FoA
§ o '
Vicko J. a kol.,: Deformation monitoring at cultural and natural i.j 1. i
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Fyzikalne modelovanie rozvolnenia skalnych
masivov mechanizmom vklifiovania blokov
vplyvom cyklickych teplotnych zmien
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modelovanie rozvolnenia skalnych masivov mechanizmom
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Vypocet stability skalného svahu metddou
kl'uCovych blokov (KbSlope)
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Fos =0.729 Fos =1
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Vysvetlivky:

s - potencialna smykova
plocha

C,H.B - pukliny vymedzujlice
hominovy blok

Visvetlivky:

- kotvenie podzikladia severne) éasti palica
nepravidelnou siet'ou kotiev

- pod i previsov, hibkové ika
po cele) viike

Fos - stupen stability
- stupen stability po
stabilizacii

/]

MNavrh stabilizacie:

2 svorniky (ADC) Vléko J., Greif V., Grof V., Jezny M., Petro L., Brcek M., :Rock displacement and thermal
e Al expansion study at historic heritage sites in Slovakia. Environmental Geology, Vol. 58, No. 8, Sp. Iss.

rientacia 63°110° ' (2009), s. 1727-1740



Dakujem za pozornost

b4



	Prečo padajú skaly?�- pohľad inžinierskeho geológa.�Moderné metódy a inovácie vo výskume skalných svahov
	Spúštacie faktory �(Triggering factors)
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Meranie geologickým kompasom
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Bitchu Matsuyama�Takahashi City 
	Lokalizácia: Prefektúra Okayama�       Takahashi City
	Slide Number 16
	Scheme of LVDT monitoring devices
	Slide Number 18
	Slide Number 19
	Slide Number 20
	ENVISAT
	Slide Number 22
	Slide Number 23
	Mt. Langshan (Čína) - Leipishi Rockfall
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Location Map
	Slide Number 29
	Tektonická predizpozícia, vysoká energia reliéfu- rôzne typy svahových porúch
	Akumulácia blokov- Quarry, pozostatok obrovského skalného zrútenia spôsobeného zemetrasením??????????
	Hiram Bingham,   Raul Carreno, Kyoji Sassa
	Transkript článku z New Scientist�v časopise Koktejl (Máj,2001)
	The International Consortium �on Landslides
	Slide Number 35
	Prvá zmienka o svahových pohyboch
	Skalné zrútenie, 6000 m3,�Carreno, Bonnard, 1997
	Slide Number 38
	Deformácia objektov indikuje pohyb?? Je to pohyb alebo dosledok iných javov??
	Detaily  registrovaných porúch
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Merania diskontinuít a blokov
	Výskum na Machu Picchu partnermi v rámci ICL�z Českej Republiky, Japonska, Kanady, a Talianska
	Expressions of Risky Geomorphologic Proceses in Deformations of Rock Structures at Machu Picchu, Peru�(Česká Republika)
	Slide Number 47
	Slide Number 48
	Extensometrické merania�Main Plazza
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Odozva bloku - Catarata 2 na zmenšené zemetrasenie Pisco 2007 
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64

