nce for a clhanging world

Landslide Hazards Program

Laguna Landslide Images

2005 Laguna Beach

harpolamdslides uzgs.gov leamingaducation tagana.php (1 /412006 01.05. 194042




USGS

science for a changing world

Landslide Types and Processes

mdslides in the United States coour in all 50 States. The primary regions of landslids
‘ooourrencs and potential are the coastal snd mountwinous sress of Cafifornis, Onegoa,
amd Washington, the States comprising the intermouninin west, and the mounitinous
Tundstides.

Landslides in the United States cause approximately £3.5 billion {year 2001 dollars) in dom-
age, snd kil between 25 and 50 people onnually. Casunlties in the United States ars primar-
ity camssd by rocicfalls, rock slides, mnd debis flows. Worldwiils, landstides ocvur and canss

ithousands of casualties and billions in monsiary losses annually.
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soms basic information shont how they oan begin o be managed as o hazard.

TYPES OF LANDSLIDES

The term “landelide” describes a wide vaniety
of processes that result in the downward and
outward movement of slope-forming maberals
including rock; soil, artificial fill, or o com-
bination of these. The materials may move
by falling. toppling, sliding, spreading, or
flewing. Figure | shows a gmphic illustraticn
aof alandelide, with the commaonly acceped
imrminelogy descrbing ifs features.

The warous types of lindslides can b dif-
ferentiated by the kinds of material imvolved
and the mode of movement. & classification
system bassd on these parameter: is chown in
figums 2. Orher classification systems incor-

Surface of scparation

pomte sdditional variables, such as the mbe of
mewemnent and the water, air, or ice content of
the landslide material.

Although landslides are primanly asoc-
abed with mountainens regions, they can
also ooour in areas of generally low welief. In
low-relef areas, landslides cocur as cut-and-
fill failures {roadway and boilding excava-
‘tons ), dver bluff failures, laternl spreading
landslides, collapse of mine-woste piles
{especially coal), and a wide varery of slope
failures associated with quartes and open-pit
mines. The most commen types of landslides
are described as follows and are illustrated in

figure 3.
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Figura 1, &n idaalized slump-aarth flow showing commanly used nomenclatume for labeling the

parts of 8 landslide.

La Conehita, coastal area of southern Califor-
nia. Thiz landalide and earthflow oeeurred in
the spring of 1895, Paopls wene evacuated and
tha housas naarast tha alide ware complately
destroged. This ia a typicsal type of landzlida.
Phoio by AL Schuster, WS Geological Survey

SLIDES: Althongh many types of mass
moverments are inchaded in the geaeml term
“landslide.” the maore restrictve vss of the
term: Tefiers only o mass movements, where
there is o distinot zone of weakness that
ssparabes the clide material from more siable
underlying material. The two major types of
slides ars romtional shides and translstional
elides.

Eotational slide: This is a slide in which the
surface of rupture is curved concavely upward
and the slide mowement iz roughly rotational
about an axis that is paralle] to the ground sur-
Face and transverss across the slhide (fig. 340,
Tramslational slidger In this type of slide, the
landslide mass moves along a roughly planar
ifig. 3B). A block slide is & tmnslati onal alide
in which the moving mass consists of a single
wmit or a few closely related umits that move
downslope as a relatively cohesrent mass (fig.
3.

FALLS: Falls are abrupt movements of
mases of geologic materals, such as
macks and bonlders, that become detached
from steep slopes or cliffs (fig. 30,
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<+ There were very intensive rainy periods in 1999-2000 and 2003-2004.

< Large scale landslides occurred on the areas, where clay, silt, loessic
and fine sand layers had been settled in a slight slope to a river.

<+ |n stable, positive balanced situation the groundwater outflow capacity
of the permeable layers is equal, or higher, than the volume of the
streaming groundwater arrives from the background collector areas.

<+ |n cases when the volume of the streaming groundwater increases
suddenly (e.g. extreme precipitation), or the outflow capacity of the
permeable layers decreases dramatically, there is no more positive
balance between the streaming groundwater volume and the outflow
capacity.

<+Result:................. LANDSLIDES
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Missing permeable soil volume
washed away by high tide No. 1

River, low tide




Missing support. Collapse occurs
at the edge of the clay layers
partly blocking the outflow in the
permeable layers.

River, low tide
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Permeable soil layers
(sand, fine sand, silt)

Missing support. Collapse occurs at the
edge of the clay layers partly blocking
the outflow in the permeable layers.
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Non permeable soil layers flow for the streaming
(clay, silt with clay) groundwater.
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There are two possibilities to recreate the balance:

<+ Drastic minimization of the streaming groundwater in the permeable
layers on the slide endangered areas. (Limit the infiltration on the
background water collector areas by leveling, grassing, forest
plantation, construction and proper maintenance of the rainwater
systems, sewer and freshwater network, no septic tanks allowed!!!!)

-<-Significant increase in the outflow capacity of the permeable
soll layers.

<+The combined application of the above mentioned two



<+ \ery detailed geotechnical and geodesy survey to detect the position, the
depth and the thickness of the subsurface layers. Samples for laboratory
tests.

- aboratory tests and evaluation of the test results.
- Drilling a network of groundwater level monitoring wells.

- Mid term monitoring of the groundwater level prior to start with the design
works.

- Design of the bored(drilled) subsurface long distance filter collector (drainage)
system placed in the permeable layers.

- Construction of the subsurface long distance filter collector(drainage) system
with special self cleaning plastic filter pipes by HDD and/or horizontal
thrustboring.

- Monitoring the water table decrease.



Detailed geotechnical and geodesy survei watertable
monitoring prior the design works




Detailed geotechnical and geodesy survei watertable
monitoring prior the design works

Watertable control wells




Detailed geotechnical and geodesy survei watertable
monitoring prior the design works

Watertable control wells




HDD pilot line drill througrll the possible lowest permeable
ayers




HDD pilot line drill through the possible lowest permeable

layers

Watertable control wells

o

Watertable monitoring
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HDD pilot drill line alignment



Finished prevention works: special subsurface drainage
system with surface leveling and riverside protection
structure




Finished prevention works: special subsurface drainage
system with surface leveling and riverside protection
structure

Bored subsurface drinage
lines laid by HDD method.



Finished prevention works: special subsurface drainage
system with surface leveling and riverside protection
structure

Bored subsurface drinage
lines laid by HDD method.



Finished prevention works: special subsurface drainage
system with surface leveling and riverside protection
structure

Riverside protection structure Bored subsurface drinage
(against wave erosion) lines laid by HDD method.



Finished prevention works: special subsurface drainage
system with surface leveling and riverside protection

structure

Leveled slope surface

after completion of the
stabilization works. \

-
/

Riverside protection structure Bored subsurface drinage
(against wave erosion) lines laid by HDD method.



<nrgaseef-water{riggered landslides
- 2 Test the permeability of the soil in these layers

-+ 3 Mid time monitoring the watertable on the whole landslide
endangered area.

- 4 Selection of the proper, self cleaning filter pipe.
-+ 5 Design of the subsurface drainage system.

<+ 6 Laying the subsurface drainage system (by HDD or
horizontal thrust-boring)

- 7 Construction of additional protection structures (soll
anchors, soil nailing, rc. piles etc.).

The special self
cleaning filter pipe

<+ 8 Construction and maintenance the effective surface and
subsurface rainwater collector system and sewer network.

- O Surface leveling.
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Thanks for your kind attention

Questions, remarks?

For additional information please contact me directly:
Istvan Szemesy
Address: Sycons Ltd. Harsalja u. 19,H-1029 Budapest / Hungary
Phone/Fax : +36 1 3974846, Mobile: +36 20 9787 831
Homepage: www.sycons.hu, E-mail: istvan.szemesy@sycons.hu



