SVAHOVE DEFORMACE

Ivo Baron

-syllabus kurzu-

1. Uvodni éast, klasifikace
-CO jsou svahové deformace
-stru¢na historie vyzkumu S.D.
-typy svahovych pohybu
-typy smykovych ploch a zon
-morfologické typy deformaci, jednotlivé tvary
2. Dynamika
-faktory vzniku S.D., spoustéci mechanizmy
-cyklicnost v prubéhu poruseni svahu
-stabilitni analyzy
-modelovani svahovych deformaci (na bazi GISu — melké sesuvy,
kinetické modelovani, numerické modelovani hlubokych svahovych
deformaci)




Syllabus kurzu

3. Metody pruzkumu, stabilizace a monitoringu S.D.
pfimé a nepfimé metody pruzkumu:

» kopané sondy, vrtne prace

* geofyzikalni metody

« geomorfologické metody

* bioindikaCni metody

 datovaci a paleoenvironmentalni metody

stabilizace svahovych deformaci

metody méreni pohybl

4. Svahové deformace jako zdroj prirodnich rizik — priklady:
- CR (Cesky masiv, Karpaty, mapovani stabilitnich pomé&ru, projekt ,Svahové
deformace v CR¥)
- Evropa
- svet

5. Terénni exkurze - Vsetinsko
13. — 15. 5. 2006 (terénni zakladna Ceské geologické sluzby v Hutisku-Solanci), svahové
deformace: Vaculov-Sedlo, Bystricka, Mala Brodska, Kobylska, Jezerné, Kopce, Oznice
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SVAHOVE POHYBY A SVAHOVE DEFORMACE

svahoveé pohyby. gravitacni pohyby horninovych hmot na svazich s
vyjimkou tech, kde material odnaseji transportacni media, tzn. voda, led,
snih, vitr. Vyslednou formou je svahova deformace (Nemcok et al. 1974);

* bézné je uzivan (morfologicky) termin “sesuv’, tzn. téleso hornin, suti nebo
zemin které bylo deponovano po svahu doli bez dominantni ucasti
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fadu dalSich procesu a jevu spojenych s gravitacnim deformovanim svahu.

Proto bude uzivan SirSi termin “svahova deformace’, jako soubor
geologickych struktur a forem reliéfu stredniho a malého meéritka
vzniklych v dusledku gravitacné podminéného deformovani zvétralin,
deluvia, sedimentu i horninového podkladu na svazich.

eprednaska si neklade za cil uvést veskerée dosavadni poznatky o problematice
svahovych deformaci, spiSe seznami s ruznymi uhly pohledu na svahové
deformace




nastin historie studia S.D.

. Prvni seriozni popisy a studie o sesuvnych udalostech pochazeji jiz z doby
pred prumyslovou revoluci z pfelomu 18. a 19. stoleti, a to vétSinou ze zapadni
Evropy, hlavni zajem o S.D. v8ak zpusobil az rozvoj vystavby pruplavu, silni¢nich
komunikaci, mostu a Zeleznice pravé v souvislosti s prumyslovou revoluci

. Zay (1807) zpracoval 1. monografii, ktera pojednavala o rozsahlem skalnim
sesuvu na hore Rossbergu ve strednim Svycarsku ze 2. srpna 1806. Pfi sesuvu
se tehdy uvolnilo 10 az 20 mil. m3 suti i podlozi a pohfbilo méste¢ko Goldau

. dulezité prace, které ovlivnily i vyvoj geologickych véd, byly publikace
Conybeare et al. (1840) a Robertse (1840) o sesuvu Bindon na jiznim pobrezi
Anglie z 29. prosince 1839. Roberts upozornil, ze se jedna o zavazny zdroj rizik.
Conybeare et al. provedli prvni analyzy mechanizmu celé deformace, vCetné
vypocCtu hmotnosti a stability poruSenych hmot a posouzeni vlivu hydrostatického
tlaku na rozvoj sesuvu

. Daldimi vyznamnymi autory 19. stoleti byli Svycafi Buss a Heim, nebo
Francouz Collin

Svétoveé osobnosti 20. stoleti: Varnes, Ter-Stepanian, Terzaghi, Cruden,
Hutchinson, Savarenskij, Varnes, Zaruba a dalSi




Vyzkumy svahovych deformaci v nasich zemich

Prvni skalni ficeni zaznamenano v r. 1132 v Chuchli, prvni sesuv
v roce 1531 u Zahovran na Litoméricku (Spurek 1972). Koncem 18.
stol. v okoli Usti n. Labem a Dé&&ina registrovano 13 sesuvd.
Soustavné vyzkumy svahovych deformaci vSak az na prelomu 19. a
20. stoleti, v centru zajmu jiz vSechny hlavni ¢eské k sesuvum
nachylné oblasti (Valadsko, Mladoboleslavsko, Ceské stiedohofi a
Pavilovské vrchy);

Osobnosti: Vaclav Dedina, Filip Pocta, Jan Stejskal, Otakar
Matousek, Quido Zaruba, Antonin Culek, Karel Zebera, Jan Krejéi,
Karel PatoCka, Vojtech Mencl, Blahoslav Kostak, Arnold Nemcok,
Stanislav Novosad, Jaroslav Pasek, Jan Rybar a nebo Lumir
Woznica. Svétové uznavanym se stal zvlasté Quido Zaruba.




Kde se resi problematika svahovych deformaci???

Svahovymi deformacemi se u nas zabyvaji pracovisté Akademie véd CR,
jmenovité Ustav struktury a mechaniky hornin v Praze a Ustav geoniky
v Ostravé a jeji pobocky v Brné. Ceska geologicka sluzba fesila v souvislosti se
zvySenym zajmem o sesuvy po roce 1997 projekt “Svahové deformace v CR’,
nyni v ramci programu ISPROFIN zpracovava podprogram ,ReSeni nestabilit
svahl“. Mimoto se svahovymi deformacemi v ramci svych zakazek zabyva fada
soukromych pruzkumové-geologickych a stavebnich firem (Geotest, S.G.-
Geotechnika, Unigeo, A-Z Sanace...)

Z mezinarodnich instituci je asi nejvyznamnéjsi “Commision on Landslides and
other Mass Movements” pri IAEG (Mezinarodni asociace inzenyrske geologie).
Ta méla za ukol sjednotit terminologii na mezinarodni urovni. Organizace spojenych

narodu ustanovila “Pracovni skupinu pro katalogizaci sesuvu” (WP/WLI) pri

Mezinarodni geotechnické spole¢nosti UNESCO. Tato pracovni skupina vydala

VicejazyCny vykladovy slovnik sesuvu (WP/WLI et Canadian Geotechnical Society 1993).




Svahové pohyby, jejich klasifikace:

svahové pohyby. gravitacni pohyby horninovych hmot na svazich s
vyjimkou téch, kde material odnaseji transportacni média, tzn. voda, led,
snih, vitr (Nemcok et al. 1974);

» geodynamicky proces vznikajici pusobenim gravitace na horninovy material
,na svazich”

» material musi mit dostateCny energeticky (gravitacni) potencial ke vzniku
nestability, dostateCna ,energie reliéfu”

 svahove pohyby vznikaji jiz na velice mirnych svazich (kolem 2°)
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Svahove pohyby, jejich klasifikace
* dle rychlosti (Turner, Schuster 1996):

> tfida 7: extrémné rychlé (< 5 m/s), skalni Ficeni, lahary, sutové proudy

» trida 6: velmi rychlé (3 m/min az 5 m/s), sutové a bahenni proudy

» trida 5: rychlé (1,8 m/h az 3 m/min), mélké sesuvy v deluviu

> tfida 4: stredné rychlé (13 m/mésic az 1,8 m/h), mélké a stfedné h. sesuvy

» trida 3: pomalé (1,6 m/rok az 13 m/mesic), hluboké sesuvy

» trida 2: velmi pomalé (16 mm/rok az 1,6 m/rok), hluboké sesuvy

»> trida 1: extrémne pomalé (> 16 mm/rok), h. sesuvy, toppling, lateral spreading




Svahove pohyby, jejich klasifikace

* dle mechanizmu l. (Varnes 1978):




Svahové pohyby, jejich klasifikace

* dle mechanizmu ll. (Varnes 1978):
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Svahové pohyby, jejich klasifikace

 kombinace dle rychlosti a mechanizmu (Nemdok et al. 1974):

» plouzeni (creep), radoveé az mm/den;
» sesouvani (sliding), radové m az km/den;
» stékani (flow), radové m az km/h;

> ficeni (fall), radove jednotky az stovky km/h

Clenéni do podskupin (viz tabulka):




Svahové pohyby, jejich klasifikace: kombinace dle rychlosti a mechanizmu (Nemcok et al. 1974):
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Klasifikace svahovych pohybu: plouzeni (Nemé&ok et al. 1974)

uvolnéni napjatosti po
odlehcCeni erozi, kiehké horniny

Zdvojovani horskych
hibetu
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Blokové pohyby po

plastickém podlozi

Otevirani tahovych trhlin

Zdvojovani horskych

hibetu

Gravitacni vrasnéni

LJudolni antiklinaly®

(rigidni na plastické)
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Blokové pohyby podél

preduréené plochy
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Povrchové plouzeni

(hakovani vrstev)




Klasifikace svahovych pohybu: sesouvani (Neméok et al. 1974)

sesouvani podél rovinné smykove

sesouvani podél rotacni sesouvani podél rovinné

smykové plochy smykové plochy plochy (pfedurcené polohy)

paralelni se svahem
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sesouvani podél slozené sesouvani podél (sub-)

smykoveé plochy horizontalni smykové plochy




Klasifikace svahovych pohybu: stékani (Nemeok et al. 1974)

Stékani deluvia v nizinach az Stékani deluvia na strmych Stékani deluvia po

hornatinach svazich (mury) nadmérnych srazkach v
obdobi tani snéhu a ledu

Soliflukce: stékani zvodnélého

deluvia aktivni vrstvy po zmrzlém

podlozi (permafrostu)




Klasifikace svahovych pohybu: Ficeni (Neméok et al. 1974)
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Droleni a saltace drobnych ¢astic Osypavani drobnych ulomku

poloskalnich hornin a zemin skalnich hornin
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Odvalové riceni skalnich stén a Planarni riceni skalnich stén a vézi po

vézi v horskych a predurc¢enych plochach

vysokohorskych oblastech




Svahove deformace ]_jICh kIaS|f|kace
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svahova deformace: soubor geologlckych struktur a forem rellefu strednlho a
malého méritka vzniklych v dusledku gravitacné podminéného deformovani
zvetralin, deluvia i horninového podkladu na svazich.
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Svahové deformace: klasifikace dle prubéhu smykové plochy (Savarenskij):

» asekventni, rotacni smykova plocha v homogennim materialu;
> insekventni, hluboké svahové deformace, sm. plocha napada vrstevnatost;

» konsekventni, smykova plocha sleduje vrstevni plochy;

Svahové deformace: klasifikace dle véku:

»mladé (juvenilni) X staré (senilni) ... X pohrbené (fosilni);

Svahové deformace: klasifikace dle tvaru:

» frontalni X plosné X proudové;

Svahové deformace: klasifikace dle hloubky:

» povrchoveé (do 1m) X mélkeé (do 10m) X hluboké (do 20m) X velmi hluboké (nad 20m);




Svahové deformace: dle rozmisténi aktivity (Turner, Schuster 1996)




Svahové deformace: dle stupné aktivity (napf. toppling):

aktivni

stupen aktivity:

reaktivovany
-

uklidnény patanclaini

‘stabilizovany

fosilni potencialni
SUSPENDED

aktivni
ACTIVE

8
2
A

fosilni = pohrbeny, v soué. podminkach neaktivni

2 3
Time in yeors




Svahové deformace:
tvypy svahovych pohybli




Svahové deformace

* dvouslovna klasifikace (Varnes 1978):

TYPE OF MATERIAL

BEDROCK
Rock fall

Rock topple
Rock slide
Rock spread
Rock flow

ENGINEERING SOILS
PREDOMINANTLY COARSE

Debris fall
Debris ropple
Debris slide
Debris spread
Debris flow

PREDOMINANTLY FINE

Earth fall
Earth topple
Earth slide
Earth spread
Earth flow




Svahoveé deformace: dvouslovna klasifikace (Dikau 1996):

TABLE 1.1 Classification of mass movements used in this volume (EPOCH, 1993)

Type Rock Debris Soil

rockfall debris fall soil fall
Topple rock topple debris topple soil topple

Slide (rotational) single (slump)  single single
multiple multiple multiple
successive successive successive

Slide (translational)
Non-rotational block slide block slide slab slide

Planar rockslide debris slide mudslide
Lateral spreading rock spreading  debris spread  soil (debris)
spreading
Flow rock flow debris flow soil flow
(Sackung)

Complex (with run-out or change of e.g. rock e.g. flow slide e.g. slump-
behaviour downslope, note that nearly avalanche carthflow
all forms develop complex behaviour)

Note: A compound landslide is one that consists of more than one type, €.g. a rotational —translational
slide. This should be distinguished from a complex slide where one form of failure develops into a
second form of movement, i.e. a change of behaviour downslope by the same material.




Svahové deformace: formy riceni / fall (Varnes 1978):

FIGURE 2.2 Block diagram of a typical coastal rock fall (drawn by B. Martin)




Svahové deformace: formy riceni / fall (Dikau et al. 1996):
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Svahové deformace: formy riceni / fall (Dikau et al. 1996):

FIGURE 2.9 Single frame pictures of the motion of rocks as they approach and leave the
contact points. Redrawn from cinefilms at the Casletto site, Switzerland (from Bozzolo et al.,
1988)




Svahové deformace: formy riceni / fall (Dikau et al. 1996):
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FIGURE 2.10 Comparison between observed and computed trajectories of rockfalls in the
Bedrina area, St Gotthard, Switzerland (from Bozzolo et al., 1988)




Svahové deformace: formy riceni / fall (Dikau et al. 1996):
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Svahové deformace formy riceni / fall (Dikau et aI 1996):
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Svahové deformace: formy riceni
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Recentni skalni ficeni — duben 2001 (Zéméisko-Vsetinsko)
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Rock Avalanches (Davies & McSaveney 2004)
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Figure 4. Vertical component s2151mo Zrzm: of four large rock avalanches m New Zealand's "nurllwm -.]"
showing svidencs o i dlﬂi:ll—'l.‘l. phasing of ase 1 the var -_l- avalanches [15]. All from the on
station (Berwen) and displayed at equal ga




—_——

Directed stress from Local isotropic stress
resisting kinetic energy at Hugoniot elastic
of moving mass limit of grain

Sliding block
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Stationary substrate

Figure 6. Concept of how dispersive pressure from fragmenta-
tion of larger clasts supports the weight of block, and so re-
duces the direct stress on adjacent non-fragmenting debris.




Hugoniot elastic limit ~500 MPa
1 grain in 100 fragmenting = ~5 MPa
Normal load = ~5 MPa

Block'breaks up",
y as it'flexes '

""i:

Figure 9. Source area of the 1929 Falling Mountain rock ava-
lanche. New Zealand. showing profiles of the release surface
and reconstruction of the original land surface. We suggest that
initial motion was as a blockslide. that broke up through flex-
ure.
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Svahové deformace: formy riceni (Dikau et al. 1996):

TABLE 2.2 Diagnostic features of falls

Potential

Relict

. Nature of rock face. Steep to vertical:
overhanging; undercut; open cracks close
to slope face.

. Rock structures. Dip of bedding or the
orientation of primary joints, faults and
thrusts dipping or opening toward the free
slope face, are vulnerable locations.

. Joints lined with gouge or other soft
infillings and interbedded matenals are
common locations.

. Falls occur where high water pressures are
possible. Melting permafrost or
seasonally frozen faces are vulnerable
areas.

. Any eroded slope in debris or soil is
vulnerable to boulder fall or collapse of
fissured ground. Such slopes rapidly
unload or weather so that boulders fall in
heavy rain or similar disturbances.

|. Nature of scars: where rockfalls have

taken place these may be curved hollows,
‘bridges” or ‘beams’ of rock on
buttresses. Wedge-shaped hollows are
typical. Polished surfaces are diagnostic.

. Look for piles of debris, loose rock, scree

slopes, open-work rock textures in
colluvium, detached boulders, massive
debris in valley floors, valley dams.

. If the fall source is mainly debris then the

relict form may be boulders set in a
redistributed matrix or colluvium. Such
debris slopes are typical of previously
glaciated arecas where moraine follows ice
retreat.




Svahové deformace: formy odklanéni / topple (Dikau et al. 1996):







Svahové deformace: formy odklanéni / topple (Varnes 1978):

Topple

Flexural toppling
Block toppling l /C}acks

.

f

Limestone

FIGURE 3.2 Typical block diagram of a topple on a Jurassic cuesta scarp slope. The

geological situation is generally characterised by hard rocks (e.g. limestone) covering softer

rocks (e.g. marls). The figure also illustrates that a topple is very often associated with other

types of mass movement, like rockfalls (Chapter 2), rock spreading (Chapter 6.2),

translational sliding along the base (chapter 5) and clay extrusion. Because movement takes

place in the clays before large-scale slope failure, the required shear strength is reduced from
the peak to the residual value




Svahové deformace: formy odklanéni / topple (Varnes 1978):

FIGURE 3.4 An example of toppling without sliding where the ratio b/h<tan a is given.
The influence of basal erosion on the initiation of toppling failure is shown. (a) Toppling
will occur above a surface inclined at the angle a when the ratio b/h <tan «; units B, C and D
are capable of toppling but are prevented from moving by unit A. HWM = high water mark;
LWM = low water mark; (b) marine erosion removes A and B falls: C and D follow but E
remains by reason of its connection to a wider basal unit (after de Freitas and Watters, 1973).




Svahové deformace: formy odklanéni / topple (Dikau et al. 1996):

TABLE 3.1 Diagnostic features of topples

Potential Relict

1. A free face, steep slope or cliff. 1. Chiff top may be marked by residual,
2. A sufficient unloading potential. unemployed tension cracks, partially
3. Sufficient height (weight) relative to the detached columns, and other
width of base to provide disturbing force. decompression features. The depth of
. Sufficient rock strength to allow a column affected ground can be measured by
to stand. Usually hard or coherent rock seismic velocities.
layer overlying a weaker stratum but may . Rock face will show open vertical cracks.
be a uniform matenal, e.g. loess. Cracks may have chaotic infill from
. Strong vertical joint development which overlying material.
divides face into columnar units. . Base of cliff shows disturbed strata or
. Strong jointing or unloading tension bulging material.
cracks parallel to face. . Where a column has fallen the weathering
. Cnitical dip in basal matenals. detail on the face may be less well
developed. Very fresh scars will be
smooth.

. Debris will be very chaotic. Huge
boulders or partially broken columns will
be scattered across the lower slopes.

. The texture will be coarse with open work
and extensive voids.




Slides (sesuvy sensu stricto)




Svahové deformace: sesuvy s.S.: typy smykovych ploch (Varnes 1978):
translacni - melka
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Svahové deformace: rotacni sesuvy (Dikau et al

siope toe base
failure failure failure

sparse or absent successive

vegetation cover
on nse" \
tread of regolith

bounded by
vegetation mat

|

slip surface

FIGURE 4.2 (a) Typical block diagram of a rotational slide. The important morphological

features are marked (after Varnes, 1978). (b) Single, multiple (from Hutchinson, 1988,

reproduced by permission of A.A. Balkema) and successive landslides (from Clawes and
Comfort, 1982, reproduced by permission of Addison Wesley Longman Ltd)




Svahové deformace: rotacni sesuvy (Varnes 1978):

(a) SLO F U HOMOGENEOQOUS MAT (b) SLOPE FAILURE IN NONHOMOGENEOUS MATERIAL.
C 1 1) SL IDE WHOLLY ON SLOPE ‘AND SURFACE OF RUPTURE FOLLOWS DIPPING WEAK
BED.

(2] SURFACE OF RUPTUR TERSECTS TOE OF
SLOPE.

(e l SE FA UHE IN HOMOGENEOUS CLAY. SLIP (d) BASE FAILURE IN NONHOMOGENEOUS MATERIA L.
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Svahové deformace: rotacni sesuvy (Varnes 1978):

vector of
horizontal
movement
scale

- = subsidence (m)

+ =rise (M)




Svahové deformace: rota€ni sesuvy - rozmery (Varnes 1978)

1. Sitka télesa sesuvu ...W,,

2. Sirka smykové plochy...W,

3. délka télesa sesuvu...L

4. délka smykoveé plochy...L.

9. hloubka télesa sesuvu...D,

6. hloubka smykovée plochy...D.

£

7. celkova délka...L

8. Délka ,stredni Cary”...L




Svahové deformace: rotacni sesuvy - objem sesuvu (Turner, Schuster 1996)

(b) Landslide

%
I A
% %% YN N DS

Objem elipsoidu: Objem sesuvu (pied pohybem):
Veps=4/3.ma.b.c

V,="%.43mabc=4/6nD,.W/2.L/2=
=1/6ntD . W, .L,

Objem sesuvu (po pohybu):

dochazi k nakypreni hmoty sesuvu

Vi;=1/6nD, . W,.L,




Svahové deformace: sesuvy - terminologie tvarul (varmnes 1978)




Svahové deformace: rotaéni sesuvy - terminologie tvaru (varnes 1978)
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Horninové¢ kry, srazy odlu¢nych stén a tylni deprese s jezirky (Vaculov-Sedlo)




Horninov¢ kry, srazy odlucnych stén a tylni deprese s jezirky (Vaculov-Sedlo)




Rotovana horninova kra (Vaculov-Sedlo)




Relativné mélke frontalni sesuvy na Cele rotovane kry (Vaculov-Sedlo)
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Celo sesuvu mélkého translaéniho sesuvu (Vaculov-Sedlo)




Akumulacni ¢ela mélkych sesuvi (Vaculov-Sedlo)




Ruzné generace akum. Cel a vytlaCnych vras mélkych frontalnich sesuvu
(Vaculov-Sedlo)




Vytlacné vrasy (Vaculov-Sedlo)
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Slope failure features: pressure anticlines
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Slope failure features: pressure anticlines
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Slope failure features: pressure anticlines
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Slope failure features: pressure anticlines




Kolenovité kotfeny mezi vytlaCnymi vrasami (Vaculov-Sedlo)




Idealised sketch of a rotational
deep-seated slope failure




Svahové deformace: rotacni sesuvy (Dikau et al. 1996):

TABLE 4.5 Diagnostic features of rotational shdes

Potential Relict

. Single rotational slides require steep 1. Hummocky ground.
slopes, undercut areas, erosion by streams 2. Toe area recognisable as a pronounced

and the sea.

. Rise in piezometric surface or change in
the water regime.

. Usually, consolidated clays and uniform
clay outcrops.

. Multiple slides commonly occur where
permeable rocks overly impermeable
materials.

. A weak layer is usually required to allow
development of a common shear surface
for multiple slides.

. Retrogressive unloading could generate
new slides.

lobe with a steep front.

. Crown will have a back-tulted or

horizontal surface.

. Hollows infilled with washed debnis and

organic material common at the head.

. All irregulanties will be smoothed out and

infilled in ime. Form may be completely
erased to a smooth slope, but the structure
and shear surface will remain beneath the

- ground.
. Tension cracks may be visible at the head.




Svahové deformace: translacnl sesuvy (leau et al. 1996):
S

Bindon block slide, Devon, UK




Svahové deformace: translacni sesuvy (Dikau et al. 1996):

FIGURE 5.2.1 Schematic block diagram of a typical block shde, a failure on a near planar
surface with little rotational movement (after GSL, 1987)




Svahové deformace: translacni sesuvy (Dikau et al. 1996):

Dated Yew log

Probable basal slip surface

T T
300 400

Landslide debris S | Carstone (Fitton's XVII)




Svahové deformace: translacni sesuvy (Dikau et al. 1996):

Y 4 N WK :
N T T N T 1 Nt
SN LN L TN




Svahové deformace: translacni sesuvy (Dikau et al. 1996):
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FIGURE 5.2.2 For caption see facing page




Original profile prior 1o 1839 slip

Lrosion of toe by marine
agencies until F=1
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Svahové deformace: translacni sesuvy (Dikau et al. 1996):

Accumulation

Movement of
Slumping

Forward creep

chasm blocks
and toppling of Goat Island
M type failure
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FIGURE 5.2.3 Diagrammatic reconstruction of the development of the Bindon block slide,
Devon, UK. The initial failure was non-rotational removing the support at the toe.
Subsequently a planar slip occurred and finally subsidence as material moved into the Chasm.
Note: the exact position of the shear surface and the structure of the graben is unknown
(after Pitts and Brunsden, 1987). F =Factor of safety; F=1-49 immediately after failure

F = 1-23 at present. M = Multi-rotational shde




Svahové deformace: translacni sesuvy v zeminach /
slab translational slides (Dikau et al. 19906):

Decollement




Svahové deformace: translacni sesuvy v zeminach /
slab translational slides (Dikau et al. 1996):

Regraded slope surface

T ~ Slide from 1965

—

Slip surface 7~ ~—— J‘




Svahoveé deformace:
planarni sesuvy v zeminach
| mudslides (Dikau et al. 1996)




Svahové deformace: planarni sesuvy v zeminach / mudslides
(Dikau et al. 1996):

Cracks
Secondary feeder

Primary source
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Svahové deformace: planarni sesuvy v zeminach / mudslides (Dikau et al. 1996):
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Svahové deformace: spread / rozvolnéni (Varnes 1978)

i ((Angara River
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Svahové deformace: spread / rozvolnéni (Varnes 1978)

double ridge graben-like
depression

squeezing out




Svahové deformace: spread / rozvolnéni (Varnes 1978)

(a)




(Dikau et al. 1996)
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Svahové deformace: spread / rozvolnéni (Dikau et al. 1996)

o,
R Bt

S e
At W )
e i T e

g e
e

%
Siliceous’ marlatones




Svahové deformace: spread / rozvolnéni (Dikau et al. 1996)
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Svahové deformace spread | rozvolnéni (leau et al. 1996)
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Kopce slope failure
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Svahové deformace: spread / rozvolnéni (Dikau et al. 1996)

U il

calcarenites

clay shales

=

axis of symmetry




__sandstone Svahové deformace:

= — —— (tectonic joints

=0 == = spread / rozvolnéni (Dikau et al. 1996)

erosion or
deepening valley




Svahové deformace: skalni proudy / rock flows - sagging (Diaku et al. 1996)




Svahové deformace: skalni proudy / rock flows - sagging (Dikau et al. 19906)




Svahoveé deformace: skalni proudy / rock flows - sagging (Dikau et al. 1996):




Svahové deformace: skalni proudy / rock flows - sagging (Dikau et al. 1996):

(a) Rotational - sagging (c) Double - sided compound - sagging
32/3 2/3 3 (“) 2/3 283

rear scarp A rear scarp
.

developed . before hill crest s behind hill crest

slip surface  ~~._ undeveloped ~._
slip surface

(d) Double - sided
rotational - sagging




Svahové deformace: bahenni proudy / mud (soil) flows (Dikau et al. 1996)




Svahové deformace: bahenni proudy / mud (soil) flows (Dikau et al. 1996)
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_ Svahové deformace:
g | sut'ové proudy / debris flows
~ (Dikau et al. 1996)




Svahové deformace: sut'ové proudy / debris flows (Dikau et al. 1996):

S

L vl d 1| VIS

FIGURE 7.3.2 Interpretative block diagram of a debris flow showing morphological
features: A, scarp; B and F, surface of rupture; C, channel of erosion; D, levee; E, deposit




Sutové proudy / debris flows v oblasti Ocotepeque (Honduras) v r. 1934
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» originate on the slopes of Montechristo (out of the study area)

Fluios de escombros: * rapid movement (the last event in 1934);

. in the eastern part!




Flujos de escombros cerca de Metapan:

Source of the past and future
avalanches:

* large deep-seated slope failure in
tuffs and ignimbrites on S slopes of
Mt. Miramundo;

* length = 2650 m, width = 1350 m,
elevation = 750 m, max. expected
depth of failure = 375 m;

* several smaller slope failures
superimposed on the main one,
source of the debris avalanche in
1934, which destroyed hacienda
San José and killed several
hundreds of people;

* in case of reactivation of the
whole area movement of mass
702,5 mil. m3 large (formula of
Turner&Schuster 1996);

* 30 000 inhabitants of Metapan
endangered!







Flujos de escombros cerca de Metapan:




