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ABSTRACT
The volcanic formations have varying behaviour between rock and soil depending
on their geological origin, weathering degree and fracturing degree. The engineer-
ing behaviour and weathering classification of these formations is briefly reviewed.
Slope stability problems in these rocks have either the form of soil type instabilities
(mainly circular failures and creep phenomena) or rock instabilities such as rock slid-
ing on discontinuities and rockfalls. These slope instabilities pose significant prob-
lems to human activities.
A case study referring to slope stability problems in different volcanic formations is
given from the area of Petra municipality in Lesvos Island, Greece. The main volcan-
ic formations in the study area are rhyodacitic and latiandesitic lavas, having rock
behaviour and perlites, silicated lavas and pyroclastics, which have a soil like behav-
iour. Additionally, profiles of totally weathered andesites resulting to clay rich soils
are frequently encountered. The mechanism of the anticipated instability phenom-
ena are presented and analyzed.
Finally, a simple vulnerability map for instabilities was prepared, which can assist in
town planning. Based on the field observations, the potential for occurrence of insta-
bility phenomena is related to the following factors: a) Slope aspect and b) geologi-
cal nature of volcanic rocks (weathering degree and permeability).
Keywords: Slope stability, weathering, andesites, rockfall.

Nepidnyn
H teXvIKOYEWAOYIKA CUUMEPLPOPA TWV NPALOTELAKWY OXNUATIONWY €XEL DIAKUAV-
on PeTa&l edaglkoU Kal Bpaxwdoug XapakTrpea kKal eEaptdral ano Tn YEWAOYL-
k] ouotaon kat pogAeuan, To Badud anoocdBpwong Kat Tov Babud Kepuatiopou
e@’éoov eival Bpaxwdelg. ZInv napouoa epyaaia yiveral ouvioun avapopd otnv
TagvouNoN TNG anocdfpwong TWV NPAICTEIAKWY OXNUATION®Y. Ot TUrot aotdBel-
Qg 0TouG OXNUATIORoUG autoug eival eite edagikou TUnou (KUpiwg umo Tn Hopen

TEXNIKOIFEQAOTIKH ZYMMEPI®OPA HOAIZTEIAKON ZXHMATIZMQN ME ANA®OPEX >E KATOAIZOHTIKA ®Al-
NOMENA KAI OIKIZTIKH ANAMNTY=H. MAPAAEIrMATA AMO TH N. AEZBO.

Zapdylou X.
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TIEPLOTPOPIKWY OALTONOEWY KAl EPTIUCTIKWY PAVOUEVWY), eite Bpaxwdoug TUou
Onwg OALloBNoEIg KAl avaTPOoTEG TIoU eAEyxovTal amnd Ta enineda AoUVEXELWY TOU
TMETPWHATOG KaBwG Kal katartwoelg Bpdxwv. OL actoxieg autég anote olv onpua-
VTIKO Kivduvo og avBpwriveq dpaaTtnELoTNTES.

2710 apodv dpbpo, mapouactdlovral dUO TIEPITTWOELG AOTOXLWV JIAPOPETIKNG HOP-
PG 0g NPALOTELAKOUG OXNUATIONOoUG ard Tnv meploxn Tou Arjpou MNeETpag, otn Bo-
pela Aéofo. Ot KUpLlol YEWAOYIKOI OXNUATIONO( TIOU anavtouv oTnv epLoxn €peu-
vag elval pUuOSAKITIKEG kal AETIAVIETITIKEG AAPBEG, TIOU €XOUV BPaxwdn XaAPaKTrpa
KaBwG Kal EPAITEG, TIUPITIWHEVEG AABEG KAl TIUPOKAACTIKOL oXNnuatlopol (TOPoL)
Tou €xouv edaPIKO Xapaktrpa. EmmpooBEtwg, ol avdeattikég AAReg eupavico-
vtal oe TIOAEG B€oelg TeAeiwg anooabpwUEVEG e TN LOPPT] APYIAIKWY £DAPWY,
YEYOVOG TO Omolo CUUBANAEL 0NV ekdNAWON PalvouEVwY aotdbelag akoua Kal oe
npavr] Je MIKPEG KAIoelg. O unxaviopog TwV CUVAVTWHUEVWY PAVOUEVWY a0TABEL-
ag avalletal pe BAon uroAoyioTIKEG peBddoug euoTdbelag pavwy. Edikdtepa,
TNV TPWTN TEPITTWON €YIvE AVAAUOT) KATATTTWOEWV BPdxwv and To mpaveg mou
BpiokeTal avavtn Tou xwploU NG ZTUPnG BewpwvTag dLaPoPETIKA UPOUETPA EKKI-
vNong autwv Kabwg Kat dLapopeTIKOUG CUVTEAECTEG avarrdnong Tou UAIKOU Tou
npavouq. Aedopgvou, 0Tt n avdeatTikn Bpaxdouala mapouctddeTal e KUAVOUEVO
BaBud amoocdbpwong, ano uying HEXPL HMETPLA armocabpwiévn, €ylve aropeiwaon
TWV OUVTEAEOTWV QvardNoNG XENOOTIOLWVTAG TNV TIr) OKANpdTNTag opupag
Schmidt mou petpriBnke emt TéMOU.

21N deltepn nepimtwaon, €ylve avdluon euctdBelag edagikou Tipavoug e Bdon
vewpeTpia g oAloBaivoucag HAlag Kal TIG YEWAOYIKEG CUVONKEG TIOU AmavtwvTal
otn 6€om €peuvag. Znuelwvetal, Tl oL oxXnNUaTiopol otn 6€on autn ivat TéP@oL Kat
Teheiwg anooabpwpuévol avdeaiteg, pe avahoyia Bpdyxou/eddgpouq petagu 20 Kat
30%. H avdhuon euotdBelag €ylve Bewpwvtag MApaUETPOUG Tou £dAPIKOU UAIKOU,
evw yivetalr avapopd otn EB0S0 UMOAOYLOHOU TWV Lo0SUVAUWY TIAPAPETPWY TOU
€TEPOYEVOUG UAIKOU, £3APOG Ue TeRdxN Bpdxou (block-in-matrix).

TéNog, dnuoupyrBnKe €vag armAoOUCTEUUEVOG XAPTNG TPWTATNTAG EvavTl aoTabel-
WV TNG TEPLOXNG €Peuvag, TIou Uropel va Bondrioel otnv OIKIOTIKA avdrtuén Tng
neploxng. Me Bdon v epyacia unaibBpou, ol mapdyovreg mou kabopifouv v Ti-
Bavr) ekdNAwaom eawvouEvwv acTdbelag eivat: a) n kKAon Tou avayAugou kat ) N
YEWAOYIK] oUOTAON TWV NPAICTEIAKWY OXNUATIONWY (Badudg arnoodbpwong Kat
nepatdnTa).

AE&eig kAe1d16: Euotdbetla mpavwyv, anoodbpworn, avdeoiTeg, KATAMTWOELS.

1. Introduction

1.1. Engineering behavior of volcanic
formations

Volcanic formations originate from vol-
canic eruptions or magma flow. Their
composition may differ significantly ac-
cording to the chemical composition of
the magma (mafic, felsic) and the hydro-
thermal alteration. Usually, the change of
mineral structure due to weathering in-

creases with the weathering degree and
finally the rock is altered to soil. In some
cases, complete weathering profiles are
encountered in volcanic rocks. The prop-
erties of the volcanic formations and their
long-term behaviour in slopes are strong-
ly controlled by the degree of weather-
ing (soil and rock proportion in the mass)
and the mineralogy of clay components
when totally weathered (Irfan, 1999).
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Compared to the work on granitic and
metamorphic rocks, the studies carried
out on the weathering of volcanic rocks
are considerably limited. Saito (1981)
studied the relationships between the
physical and mineralogical properties of
weathered igneous rocks, including an-
desites, to define a quantitative meas-
ure of the degree of weathering. Tugrul
& Gurpinar (1997) studied the basalts at
Niksar (Turkey) and proposed a weath-
ering classification consisting of four (4)
main classes and seven sub-classes
ranging between fresh rock (class l) and
soil (class IV). Emphasis for the charac-
terization was given in the percentage of
core stones in the material. Karpuz and
Pasamehmetoglu (1997), who studied
Ankara andesites, proposed an idealized
weathering profile and scale of rock mass
weathering with their range of thickness-
es. They recommended that weathering
grades of this acidic volcanic rock could
be quantified by means of both index and
field tests.

Arikan et al. (2007) proposed a weather-
ing classification for acidic volcanic rocks
based on a rating system. They present-
ed a comparison of some field indicators
to recognize the weathering grades of an-
desites and dacites, as presented in Tab.
1. The system consisted of six (6) grades
ranging between fresh rock (grade l) and
residual soil (grade VI). The rocks stud-
ied have been affected by hydrothermal
alteration and weathering. For this rating,
they have used the uniaxial strength, the
tensile strength, the longitudinal wave ve-
locity and the block punch strength in-
dex for the grades | to IV which refer to
rock. The values of these parameters de-
creased from grades | to IV indicating
that the strength of volcanic rocks is sig-
nificantly influenced by the change in the
character of the material due to weather-
ing.
Finally, their characterization has taken
into account the rock/soil ratio to dis-
tinguish between soil and rock behav-
iour of the volcanic rock and Schmidt
hammer values (for

Rock

[ Soil grades | to IV). They

Weathering indicator

Weathering grade

proposed that a

v \% \

moderately  weath-

Discoloration

ered formation has a

rock/soil ratio great-

Rock/soil ratio > 50%

< 50% er than 50% and
Schmidt hammer

Corestones and
relict structures
Discontinuity spacing
for fracture frequency = = m m— m——

values greater than
30. For highly weath-

til spplicable ered formations,

Mineralogy e e s s s the rock/soil ratio is
. lower than 50% and
RQD e —— Not applicable .
PP Schmidt hammer
SHV >50 [40-50[30-40( <30 | Not applicable values lower than 30.
In Completely weath-
Clearly different == == Sometimes difficult to differ

Tab. 1. Field indicators for the characterization of volcanic rocks (from Ari-

kan et al., 2007 with additions from present study)

Miv. 1. Aeikteg nediou yla XQpAKTNPIOUG TWV NPALOTEIQKWY TTETPWUATWY
(Arikan et al., 2007 L€ POOBNKES Arto Vv napouoa Epeuva).
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1.2. Slope instabilities in volcanic

formations

The types of instabilities encountered in

volcanic formations are primarily the fol-

lowing, according to the classification

proposed by Varnes (1978):

1. Rockfalls and toppling failures when
the formations have a rock structure

2. Rotational and translational soil fail-
ures,

3. Lateral spreading when hard rock for-
mations overlie weak, totally weath-
ered volcanic formations

4. Creep and earth flows in weak, argilla-
ceous formations.

5. Composite failures when mixed rock
and soil formations exist,

Slopes in volcanic formations have a

complex behaviour, which primarily de-

pends on the existence of interlayers of
sedimentary rocks and their degree of
weathering or hydrothermal alteration.

When these are encountered interbed-

ded with sedimentary rocks, the form of

instabilities is governed by the geometry
of the weak layers and the nature of the
interbedded formations. Instabilities are
planar - translational along weak layers or
composite. When no interbeds exist, the
controlling factor is the engineering be-
haviour of the volcanic formations which
may range from soil to rock, depending
on the degree of weathering and hydro-
thermal alteration (if present). Thus, if the
formation has a rock structure, instabili-
ties are controlled by the nature and ori-
entation of discontinuities and their prop-
erties. The usual forms of instability are
kinematical falls (planar, wedge and top-
pling failures) as well as rockfalls. When
the volcanic formations are highly to to-
tally weathered, usually clay rich soil for-
mations are evident and slope instabili-
ties in the form of rotational failures exist.

Since weathered volcanic rocks and tuffs

can produce block-in-matrix formations

the block proportion in the soil mass can
influence the geometry of the failure sur-
face as it may be impeded by blocks
(Medley and Sanz Rehermann, 2004; Tsi-
ambaos, 2010).

2. Volcanic Formations in Lesvos
Island

2.1. General

The study area is located in the Northern
part of Lesvos Island, in Petra prefecture.
Two areas were examined, characterized
by different engineering geological be-
haviour of the volcanic rocks. In area 1
a slightly weathered andesite is encoun-
tered, which has a rock type behavior,
while in area 2 volcanic tuffs and total-
ly weathered andesites (clay rich kao-
linitic soils), having a soil type behavior
are found. The present study analyses
the different mechanism of the instability
phenomena originating from the different
nature (rock or soil) of these volcanic for-
mations.

2.2. Geological setting — hydrogeology
Geologically the northern part of Les-
vos island consists of andesite-dacite la-
vas, 400 m thick (Hecht, 1974; Pe-Piper,
1978). The fresh parts of the rocks are
strong but in the upper parrt the materi-
als are weathered and loose. The main
geological formations, which were en-
countered in the area are (as presented
in Fig. 1, based on the present study and
the geological map by Hecht, 1974): (a)
lateral scree (H.cs), (b) allouvial deposits
(fine and coarse grained), (c) silicated la-
vas (Ng.q), (d) rhyodacitic veins (Ng.d),
(e) rhyodacitic, latitic, latiandesitic lavas
of the upper lava group (Ng.ul) (f) latian-
desitic lavas of the lower lava group (Ng.
112), (g) pyroclastic formation — lapilic tuff
(Ng.pc). At the base of the upper lava
group, numerous kaolinitized zones ex-
ist.
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The mineralogical composition of the an-
desites is reported as a microfelsitic mass
made from a mixture of feldspar material,
hematite and quartz in small percentage.
The phenocrystalls include plagioclase,
pyroxene, biotite and alteration products
are olivine, talc, clay minerals from feld-
spars and mixture of metals (magnetite,
feroxide).

The lavas have generally a rock like na-
ture while the tuffs and weathered “ka-
olinitized” zones have a soil like nature.
The area is intersected by a number of
faults, which have a WNW-ESE and NE-
SW strike.

690000
(]

These are responsible for the creation of
the tectonic graben of Petra. The study
area belongs to the geothermal field of
Stypsi, which is affected by significant hy-
drothermal activity. The area is character-
ized by the presence of the contact zone
between the upper and lower lava units,
which for a significant length is through
fault structures (Fig. 1). Concerning the
hydrolithological behaviour of the geo-
logical formations the upper lava unit has
medium permeability with- medium infil-
tration capacity while the lower lava unit
and the tuff formation are relatively imper-
meable with low infiltration.
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Fig. 1. Geological map of the study area.
Eik. 1. lew)oyk6G Xdptng neploxrsg Epeuvag.
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2.3. Instability phenomena

2.3.1. Types of instabilities

The broader study area is characterized
by different types of instabilities in rock
and soil formations. More specifically, in
the dacitic and andesitic lavas rockfalls
and failures along discontinuities occur.
Rotational or translational slides, which
are small in scale have occurred in the to-
tally weathered andesites, residual soils,
silicated lavas, pyroclastics (tuffs).
Instabilities in loose volcanic formations
in the form of landslides in Lesvos Island

b

¢,

Fig. 3. Slope in andesitic lavas, prone t toppling failur

Fig. 2. Rock slope overhanging the village of Stypsi where rockfalls have occurred.
Eik. 2. [Maywd avdvtt Tou xwptou Stuyn otnv ortola £Xouv ekONAWOE! KATAMTTWOEL.

have been reported by Christaras et al.
(2000).

2.3.2. Rock type failures

Characteristic rock failures in the form of
rockfalls are encountered in the village
of Stypsi (Fig. 2) and the protruding rock
tower in the city of Petra, where the mon-
astery Koimisi of Theotokos is founded.
Toppling failures are encountered along
the national road near the village of Ipsi-
lometopo, where andesitic lavas with ver-
tical cooling joints outcrop (Fig. 3).

Eik. 3. Mpavég oe avdeottikég AdBeG, aotoxia uro LopPr) Qvatporig.
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2.3.3. Soil type failures

As stated earlier, soil instabilities in the
broader area are found in the weathered
profiles of lavas and pyroclastic forma-
tions. Such a landslide occurred in the
study area (near Stypsi village in Decem-
ber 1968 in the tuff and the weathered
upper parts of the andesitic formations,
which are practically clay soil formations
with some rock blocks (Fig. 4). The slide
caused a movement over a length of 60
m, with a vertical displacement of 1.0 m
at the national road. The landslide had
an area of 5 acres as reported by Kat-
sikatsos (1969). The slope where the
landslide occurred has an angle of 20-
220 dipping to SE. The area of the slide
consist of pyroclastic tuffs and totally
weathered andesites, having a high per-

centage of clay minerals (Fig. 5). These
are overlain by massive andesite rocks
of the upper lava unit, which due to their
fracturing, result in the formation of con-
tact springs along their base. Along the
slipped area, springs are encountered
until today with generally low outflow (3
-5 md¥nh).

The factors that triggered the landslide
were: a) the high percentage of clay
materials, b) the underground and sur-
face flow of water from springs and c)
the high slope angle in certain loca-
tions. The mineralogical composition of
the kaolinitic formations in the area of
Stypsi is: kaolinite (19%), saponite (8%),
montmorillonite (4%), illite (25%), quartz
(81%), albite (4%), others (9%) (Tsoli —
Kataga, 1979).

Fig. 4. Area with instability phenomena in tuffs and extremely weathered andesites.

=

EIK. 4. Meploxn) ue pavoueva aotdbelas o€ TOPPOUS KAl arooabpwuUEVous avoeoiTeg.
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Fig. 5. Close view of tuffs and extremely weathered andesites in the site of the examined slope failure.
Eix. 5. Artoyn 109wV Kat arnooabpwuévwy avoeottikwy AaBwv otn Béon aotdbelag.
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2.4. Engineering geological behaviour
The weathering state of the formations,
encountered in the two study areas,
were distinguished in the field (at both
the material and mass scale) based on
an assessment of the degree of discol-
oration of the rock material, the pres-
ence of the original rock texture/fabric or
structure and rock-soil ratio as suggest-
ed by ISRM (1981). In addition to these
visual descriptions, Schmidt hammer re-
bound values (SHV) were obtained for
the andesites in area 1 (which retains
a rock structure). Finally the materials
were characterized according to the
weathering rating proposed by Arikan et
al. (2007). The results are presented in
Tab. 2.

The point load strength of the andesites
in area 1 (for weathering grade Il) was
found equal to 2.7 MPa, having a range
between 0.5 and 6.7 MPa. The uniaxial
compressive strength was found equal
to 54 MPa.

In area 2, the weathering grade of the
tuffs and andesites is V to VI having a
soil like behavior. The original structure
of the andesitic rock is retained in very
few places, in the form of small core-
stones within the clay soil mass (Fig. 5).

3. Slope Stability
3.1. Rockfall case study
The rockfall case study in area 1 refers

an andesitic slope overhanging the vil-
lage of Stypsi. Andronopoulos & Kouk-
is (IGME, 1979) have performed a de-
tailed study in the broader area after the
rockfall events that occurred in 1977.
In this study, they described the rock
structure of the andesitic rockmass and
the rockfall instability mechanisms in
detail, while they also proposed a num-
ber of stabilization measures. Addition-
ally, a detailed stabilization study was
carried out for the protection of the vil-
lage from rockfalls (Pangea, 1995; Ap-
ostolidis, 2002).

The andesitic rockmass is intersected
by three main discontinuity sets, one of
which is the pseudo-bedding of the la-
vas. The dip of the discontinuities rang-
es between 50 and 80 degrees. The
average slope angle is 50° while lo-
cally it can reach up to 80° due to the
relaxation of the andesitic rock mass
and formation of steep cuts parallel to
the almost vertical joint sets. Extensive
rockfalls have occurred in the past (in
1963 and 1977), posing a significant
hazard for the houses and human ac-
tivities of the village. The size of the po-
tentially unstable blocks range between
0.5 and 3.0 m3, and the average size is
1.0 m3. The detachment of the blocks
can occur from different heights above
the village and can reach 40 m approxi-
mately.

Characterization Area 1

Area 2

Description Slightly to moderately Tuffs and totally weathered
weathered andesite, andesites resulting in clay
intersected by three joint sets | rich soils

Rock/Soil Ratio (%) >80 <20

SHV 51 45 34 -

Weathering Grade | Il I Vto VI

Tab. 2. Weathering grade of encountered materials in the study areas
Miv. 2. Ta&wvdunon Twv yewuAkWy oTiq BEoels Epeuvag e Bdon tv arnoodbpwon
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A rockfall analysis was performed in
order to study the phenomenon us-
ing Rocfall software (Rocscience Ltd.).
The slope section for the analysis was
taken from Andronopoulos and Koukis
(1979). The coefficients of restitution of
the andesites were considered equal to
Rn= 0.63 and Rt=0.85, based on rele-
vant experience (Richards et. al., 2001).
The analysis was performed, consid-
ering different heights of the detach-
ment of the rocks (ranging between 9
and 40 m). Additionally, since the nor-
mal coefficient decreases with the in-
crease of weathering, a set of analysis
were carried out using different weath-
ering grades of the rock slope. Sa-
roglou et. al. (2010) have proposed a
correlation between the normal coeffi-
cient of restitution, Rn, and the Schmidt

490

42t

hammer value, described by the equa-
tion Rn = 0.0086*SHV+0.19. Based on
the Schmidt hammer values shown in
Tab. 2, the coefficient was reduced as
the weathering grade increased. More
specifically, Rn was calculated equal to
0.58 for weathering grade Il and 0.48 for
grade lll. The tangential coefficient is
less dependant on the hardness of the
bouncing surface, therefore it was only
reduced from 0.85 to 0.80. The friction
angle was reduced from 32 to 30 de-
grees. No initial velocity of the falling
rocks was considered. The resulting ki-
netic energy at the slope foot (at the up-
per end of the village) was found to in-
crease substantially with the height of
the detachment point, while it reduced
significantly with increasing weathering
degree, as shown in Fig. 7.

ANDESITE SLOPE

DETACHMENT POINT

Fig. 6. Rockfall analysis for the slope of Stypsi village.

Eik. 6. AvdAuon Katamtwoewv 0To MPAVEG avavit Tou Xwptou g ZTuyng.

116



Bulletin of the Geological Society of Greece, vol. XLVI, 108-122

—@—— Low height (9 m)
——&8—— Medium height (17 m)
800 — [ Large height (40 m)
q
X
? 600 —
o)
C
o} i
0
2
£ 400 —
S
I i
=
©
=
200 —
0 | | |

Degree of weathering

Fig. 7. Variation of maximum total kinetic energy related to weathering degree
Eik. 7. MetaBoAr) g uéylotng uVOAIKIG KIVNTIKNG EVEQYELQG OUVAPTIION NG arnoodBowong

The rock slope has been stabilized at
certain locations, following the rockfall
events in 1963 and 1977 by the erection
of concrete and stonewalls on the slope
for the closure of cavities and support of
overhanging andesite blocks. Other sta-
bilization measures include construction
of a concrete wall — barrier at the slope
foot for a limited length, installation of
wire mesh and cables at selected loca-
tions, planting of vegetation for the re-
strain of falling rocks and filling of open
joints with cement for strengthening of
the rockmass (as reported in Apostolid-
is, 2002).

The erection of rockfall barriers along
the slope foot would further reduce the
rockfall risk on human activities in the
area.

3.2. Rotational slide

Based on the geometry of the slipped
mass a slope stability analysis was per-
formed, in order to define the sliding
mechanism. The properties of the tuffs -
weathered materials were taken from lit-
erature (del Potro and Hurlimann, 2009;
Rodriguez Pineda, 2007), considering a
clay rich soil. The increase of the rock/
soil percentage within the slipped mass
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(up to 30-40%), which could occur in
tuffs and weathered ground profiles,
would result in a higher overall strength
of the material. Medley and Sanz Re-
hermann (2004) have proposed a slope
stability approach, which is based on
the mechanism of failure of block-in-ma-
trix formations. This approach assumes
that failure does not occur only through
the soil but also can be influenced by
the presence of rock blocks in the soil
mass. It requires the calculation of the
equivalent strength of the block-in-ma-
trix formation, by taking into account the
strength of the rock blocks and the sur-
rounding soil mass in the relevant pro-
portions. This approach was not taken
into account in the present study.

The slope stability assumed that sliding
took place through a soil material (tuff
and totally weathered andesite), having
a thickness of 15 m. The peak strength
of the clay rich soil was taken equal to
c¢’=10 kPa and ¢=21° while the strength

] saety Factor
0.000

of the underlying and overlying andesitic
formations (lower and upper unit) equal
to ¢c=80 kPa and ¢=35° The level of
the water table was considered to lie 2
m below ground water surface, due to
the presence of flowing water from the
springs in the area.

The stability analysis was performed
verifying that the geometry of the sliding
surface coincides with the field observa-
tions and description given by Katsikat-
sos (1969). The analysis was performed
with Slide software (Rocscience Ltd.).
The factor of safety for saturated condi-
tions was calculated equal to 1.17 (as
shown in Fig. 8), while for drained con-
ditions it was found equal to 1.89. This
implies that failure occurred under un-
drained conditions. The factor of safety
under seismic loading was calculated
equal to 1.25. It was also investigated
that if the slide occurred at lower eleva-
tion the factor of safety would be slightly
higher due to the lower slope angle.
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Fig. 8. Slope stability analysis at the landslide site of a slope near Stypsi village.
Eix. 8. AvdAuon euotdbetag npavoug otnv 6€on g katoAiobnong.
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4. Vulnerability Map for

Instabilities - Town Planning

4.1. Criteria

A simple zonation of the area against in-
stability phenomena is proposed based
on the following factors: a) slope aspect
and b) geological nature of the volcan-
ic formations. Concerning the geologi-
cal nature, the degree of weathering and
permeability is taken into account. The
intensity of rainfall and the presence of
groundwater are important when assess-
ing the possibility of occurrence of slope
instabilities. The effect of groundwater
was taken into consideration indirectly
in the overall assessment of the geologi-
cal behaviour of the formations. Rainfall
intensity remains the same for the study
area and thus it was not taken into ac-
count.

The geological formations, which will re-
sult in rock instabilities, are the andesites
of the upper and lower lava unit, with
weathering degree between | and IV. The
geological formations prone to soil type
instabilities are the totally weathered an-

690000
|

desites with weathering degree between
V and VI, the pyroclastic formations (tuffs)
and the silicated lavas. These formations
have a soil-like behaviour.

The slope inclination is important since it
can determine the depth of the weather-
ing profile but also is directly related to
the outbreak of instability, as analyzed in
the following paragraph.

Furthermore,

4.2. Vulnerability Map

When studying slope instability in terms
of zonation, it is important to define slope
inclination classes. For the purpose of
this study a simple approach was con-
sidered. Areas with a slope angle greater
than 35% (20 degrees) were designated
as potential for the outbreak of instabili-
ties (either soil or rock type). The slope
aspect map of the area (Fig. 9) shows that
a significant part of the study area has
slope inclination greater than 40%. Addi-
tionally, there is also a large area where
the morphology is gentle with slope incli-
nations lower than 150.

LEGEND

SLOPE (%) al s1-3:
,J_"\_,'_I 0-4 i im0
r:_’,—_l 4.1-12 ' 50.1- 100
af 21 ' 100.1- 120.7

RIVER

EGSA 87
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Fig. 9. Slope aspect map of the study area.

Eik. 9. Xdptng kAioewv avayAugou reploxng Epeuvag.

119



Saroglou H.

Based on the criteria presented earlier, a
vulnerability map against instabilities was
prepared for the study area. The catego-
ries, which were attributed, are the follow-
ing:

a) Area prone to rockfalls

b) Area prone to soil instabilities

c) Reasonably stable areas.
The map is presented in Fig. 10. It must
be stated that the totally weathered zones
of the andesites as well as the kaolinitized
zones of the volcanic formations cannot
be outlined accurately in this scale. For
this purpose, such a vulnerability map
should be used for information purposes
only.

690000

5. Conclusions

The engineering geological behaviour of
volcanic formations was reviewed based
on references from literature. The behav-
iour varies significantly between soil and
rock depending primarily on the geo-
logical origin and weathering degree. A
weathering classification of volcanic for-
mations was presented and applied to
the analysis of slope instability phenom-
ena encountered in andesitic formations
in Lesvos Island in Greece. The slope in-
stabilities in the two case studies, which
were analyzed were representative of the
different geological behaviour, either soil
or rock. In the rockfall case, the effect of

(1] 500 1.000
e 015
690000
LEGEND
%
% area prone to rockfalls - area prone to soil instabilities stable area

Fig. 10. Vulnerability map of the study area, regarding the slope Instability.
Eik. 10. X4ptng TowtdtnTag £Vavtt aoTabelwV IePLOXTIG EPEUVAG.
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weathering of the andesitic rock on the
kinetic energy of the falling rocks was
examined. For this purpose, the use of
Schmidt hardness values was utilized in
order to characterize the weathering de-
gree of the slope on which rockfalls oc-
curred. In the second case, a rotational
soil instability in a tuff and totally weath-
ered andesite formation was analyzed.
The slope stability of volcanic rocks,
which have a soil like behaviour, can be
analyzed by either considering geotech-
nical parameters for a soil mass or the
equivalent ones for a soil mass having
blocks of rock inside it (block-in-matrix
formation).

Finally, a simple zonation of the study
area against instability phenomena was
proposed based on the slope aspect and
the geological nature of the volcanic for-
mations encountered.
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