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ABSTRACT

The present paper considers the landslide tookeplaecarly June 2009 on the slope of the inputashming
facilities “Elpis” in Ano Poroia of Serres, in Giae and proposes measures to treat this slope.fiéptgj there is a
specific reference to the program Slide v6.0, whishused for the simulation of the landslide in thtedy area.
The results are extracted by taking into accoum#ological conditions of the study area, the inolggical conditions of
the area, where the camping facilities are, thematic characteristics of the region and the seigmic
The models which were resulted by the program Sliée 0, are cited and evaluated. Moreover, specuntermeasures

are proposed for the improvement of the slope litabi
KEYWORDS: Countermeasures, Simulation on Program Slide @dpe Stability
INTRODUCTION

The procedure followed in order to execute the whiekearch is the followingnitially an autopsy was necessary
in the area where the landslide occurred, withtin gbservation of the slope and assessment afibeall situation in the
area of camping facilities and the surrounding afdso, it was necessary the outdoor work with igkmeasurements
using a geological compass on the surfaces of diiszoties of the mica schist on either side of lgnedslide, to determine
their orientation. At next step, the analysis of #tope stability took place, in order to determtine failure mechanism,
considering the mechanical parameters of the naddettiat compose the slope. These data were agplidge computer
program Slide v6.0 (Rocscience Education Progrémn)a back analysis, to identify the factors thed to the landslide.

The results were evaluated in order to suggesifgpeauntermeasures for the improvement of th@slstability.
DESCRIPTION OF THE LANDSLIDE

The landslide took place in June 2009, on the slop&ont of the entrance to the camping facilitielsthe
Christian Brotherhood "Elpis", in Ano Poria of Sesr The slope, which presented the failure, is BRyh, with 250/40°
orientation. The slope is located down-slope of@eirch of St. George, right of the road leadinght® entrance of the
camp (northwesterly direction), as shown in théofeing elevation map (map 1). This slope is composEmica schist,
forming a part of the upper course of the crystaltostic of Serbomacedonian, Vertiskos (MountraRis 2010),
combined with soil weathering material (with preserof clay material) mounted on the shale rock. TEmgth of the
maximum cross section of the landslide is 30m dmedvblume of landslide material was high, as itaigtd in image 1,

covering the access road to the camp, and thenvesirto improve the access.
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N YWOMETPIKOL XAPTHE NEPIOXHE KATOAE®HEHE
W+E ITHN KATAZIKHNOIH ANO NOPOION ZEPPON

Map 1: The Elevation Map of Landslide in the Area & Camping Facilities 'Elpis'. (Made by Using the Arc G is
Computer Program). (The Topographyrefers after the Event of the Landslide). The UppeRight Corner

Shows the Wider Area in the Camping Facilities, (ByGoogle Earth)

Image 1: The Foot of the Landslide at the Entrancef the Camp. The Material of the Landslide
Consists of Big Volumes of Mica Schist Combined witSoil Weathering Material

Image 2: The Church of St. George in 25m from the fpjper Limit of the Landslide

The landslide occurred after a period of heavy ramd an earthquake of 5.1 Richter on 24 May 2009,
centered 24 km west of Ano Poroia, north of Lakdér@m on the border of FYROM, following an intenaéiershock
activity with earthquakes up to 4.8 Richter. Alefle conditions had exacerbated the situation oflityge, which was
already in a limit equilibrium, as shown in theléoling stability analysisTherefore, the aim is to analyze the stability of
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the existing slope and suggest appropriate measumesal with the landslide, so as to reduce thddide risk in an area
of particular importance, because of the existiagpging facilities, 25m from the upper limit of ttendslide there is the

church of St. George. Furthermore, it is worth mgtihat downstream of the road within 25m therepaneate residences.
Slope Stability Analysis

Analyzes were performed with the computer progrdiekeS/6.0, in order to determine the slip surfaoes the
soil material. These analyzes were performed fah lloy and wet conditions, with seismic load andstatic conditions
(Rocscience Inc, 2004). Initially the slope wadimit equilibrium with a factor of safety, FS = 1L0It is found that the
landslide in the weathering soil material, wasgeiged by heavy rain that occurred in June 2009 tladactor of safety is
drastically reduced below the FS = 0.70. The losistance and the difficulty in draining of claysuéted in the instability
of the slope, which was already in limit equilibriu Additionally, the seismic activity which occudrén late May 2009,
with an earthquake of 5.1 Richter, 24km west of shely area and north of the Lake Doirani, probdétlyto an initial
disintegration of the material. The factor of spfet dry conditions with the seismic load, is F:83. The mechanic
parameters were determined empirical not onlyHerdoil material but also for the rock mass (theansichist), because of
the lack of execution of boreholes. The mechaniamaters c (cohesion) ard(friction angle) (Dimopoulos G, 2008,
Koukis G,SampatakiN, 2002), were calculated by the computer programlLBb, taking into account the quality of the
rock mass. The Geological Strength Index of thd moass (Hoek and Marinos , 2000) was determined ®8I= 33-37
(very blocky-poor quality of the discontinuitied)he Uniaxial Strength is considered low as 35s hoticed that Spencer’s
method is used as a method of analysis, becausentithod takes into account the normal and shessssts, and is the
most valid method about a completed static solufikmahn J, 2004).The following figures show the ralscthat extracted
by the program Slide v6.0 (Rocscience Educatiomyifarm).

- Static Conditions (Dry)

. Unit W eight Cohesion Factor of Safety
Material _ B ]
v (ENm*) ¢ (EN'm%) (Spencer’s method)
Boil weathering _
. 20 3 28 1.01
material

Figure 1: The Slip Surfaces with the Lowest Factoof Safety in Static-Dry Conditions
(The Yellow Color Displays the soil Material Mountel on the Mica Schist-Brown Color)
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e Static Conditions (Wet, with Pore Pressure)
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Figure 2: The Slip Surfaces with the Lowest Factoof Safety in Static- Wet Conditions.
(The Yellow Color Displays the Soil Material Mouried on the Mica Schist-Brown Color)
¢ Dynamic Conditions (Dry)
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Figure 3: The Slip Surfaces with the Lowest Factoof Safety in Dynamic- Dry Conditions.
(The Yellow Color Displays the Soil Material Mountel on the Mica Schist-Brown Color)
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Dynamic Conditions (Wet, with Pore Pressure)
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Figure 4: The Slip Surfaces with the Lowest Factoof Safety in Dynamic-Wet Conditions.

Yellow Color Displays the Soil Material Mountedon the Mic

a Schist-Brown Color)

On either side of the landslide, were taken measeinés with a geological compass, in order to ddterthe

orientation of the discontinuities of the mica sthiAfter the elaboration

of these measurementspliojting the

discontinuities on the program Dips, were obserpessible failures (Dimopoulos G, 2008). This liraguilibrium can
easily be disrupted after an intense and prolomgedall, or an earthquake activity. The failurlattcan be occurred are:

plane failure relative to the schistosity and wedagure relative to the pair of discontinuities s€histosity and J1

(figure 5). The discontinuities in whole are openir3mm, filled with clay mate

rial, which prevetit® drainage of water,

thereby reducing the shear strength, having an dmpaon the stability of the slope
(Christaras V, 2005, Tsotsos S, 1991,).
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Figure 5: Chart with the Projection of the Orientation of Discontinuities in Mica Schist
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Image 3: The Mica Schists Right from the Eastern Bandary of the Landslide (in Detail the Discontinuiies)

Counter Measures

The critical situation of the slope requires appiae measures to stabilize it, in a significancaawhere there
are camping facilities, a church in the upstreard private residences in the downstream, at 25nst 6if all, it is
proposed the removal of soil material and the dtitg of the slope by forming three terraces, wathilt of 36
(OMOE, Vol 11). Furthermore, the installation of wire shdn the slopes is important, in order to rethimlig volumes of
the mica schist, and the development of a netwbrirainage ditches to remove the rainwater, sooaasvbid the local
development of moisture in the rock mass (Daw¥)1, Koukis G,SampatakisN, 2002). It is also necessary the
installation of horizontal drainage holes into tftoeek mass, to relieve the pressure of the watehimithe rock mass
(figure 6). Finally, if there is a great thicknedfdoose deposits and poor quality of the rock nizsseath the soil material
(in case of executing boreholes in order to deteenthis situation), it is proposed a second scentm a further
improvement of the stability. Considering the potiten of passing people, the camping facilities déimel houses, it is
recommended the installation of anchored wall 3ghhon the foot of slope and the inclined portiéithe second terrace.
It is also recommended series of anchors at a asinglid for retaining the volumes of mica schisigfe 7).
The average of cost in the first scenario is eddohat 402.898,31 €, while in the second scenhgacbst is increased to
507.475,51 €, due to the use of more cubic conéoetihe installation of anchored wall.

T stome gabion
i e wall
14 oy /r"
{ I o
1 o
-
A wire mesh

drainage ditches

Figure 9: The Existing Slope (Brown Line), the Propsed Terraces with Tilt 36 Tilt (Red Line), and the Additional
Counter Measures Proposed (Drainage Network, Wire Msh, Stone Gabions)
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Figure 10: The Existing Slope (Brown Line), The Prposed Terraces with 36Tilt (Red Line), and the Additional
Counter Measures Proposed (Anchored Wall, Drainagbletwork, Wire Mesh, Stone Gabions)

CONCLUSIONS

The landslide in the weathering soil material, vhtook place on the slope at the entrance of tmepiosy
facilities “Elpis”, in Ano Poroia of Serres, wasggered by heavy rain in early June 2009. The lesistance and the
difficulty in draining of clay, resulted in the itability of the slope, which was already in limiguélibrium (FS=0.70).
Moreover, the seismic activity which occurred itelMay 2009, with an earthquake of 5.1 Richter,r24kest of the study
area and north of the Lake Doirani, probably ledmoinitial disintegration of the material, unddimsting the Factor of
safety (FS=0.83). The seriousness of the situdtiothe study area, demands further actions in otdezncounter the
whole situation. First of all, terraces with tilf 86° are proposed, a drainage network, wire meshespmahalls.
Additionally, anchored walls in the first two teces are necessary for further strengthening olibyee, if there is a great
thickness of loose deposits and poor quality of thek mass (defining by the execution of borehglé®neath the

weathering soil material.
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