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THE ESTIMATION OF THE SLIP PLANE AT THE COL TI-ALUNI §
LANDSLIDE (BUZ AU MOUNTAINS, ROMANIA) USING GROUND
SURFACE DISPLACEMENTS MEASUREMENTS
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Abstract: Abschatzung der gleitflache der GolAluni s rutschung (Buziu Gebirge,
Rumanien) mit hilfe von verschiebungsmessungen amr delandeoberflaicheDie
Colti-Alunis Rutschung befindet sich im Sibiciu Einzugsgebiet, den Buzu
Gebirgen, und gefahrdet die Stral3e, die die Siggin Cali und Alunis verbindet.
Die Rutschung wurde von den heftigen RegenstirmenZdésumes Mai-August
2005 ausgeldst, die viele geomorphologische Natabhgen in den Bogenkarpaten
verursachten. Der Artikel legt das Ergebnis derohliszung der Rutschflache dar,
anhand Daten aus den Messungen mit einer Totalstatin Mobilpfahlbewegungen.
Drei Datenreihen wurden fir die Abschatzung der éhitdche benutzt und 14
mogliche Einsatzdatenkombinationen wurden analysieit Hilfe eines Programms
das von Public Works Research Institute (Tsukubparaentwickelt wurde. Die
Methode besteht in: der Teilung der Rutschmasseeirenen Blocken; der Annahme
dass der Rutschkdrper steif ist; der Vorraussetziess die Bewegungsvektoren
parallel zur Rutschflache sind; Polynomkonstruktiofigr die entsprechenden Blocke
und der Abschéatzung der Rutschflachenform durchVidigkknupfung der Polynome.
Das Ergebnis der Abschéatzung der Rutschflache antiasds Programms ist ahnlich
mit dem Ergebnis der Abschatzung aus Bohrungsd&en.Unterschied zwischen
den zwei hier angewandten Methoden wird auch disiut

Schlusselworter: Rutschung, Geldndeoberflacheverschiebungen, Almaigitder
Rutschflache, Buii Gebirge, Ruméanien

Introduction

The Cofi-Alunis landslide occurred in the Sibiciu basin (BuzMountains,
Curvature Carpathians) after heavy rainfall (tatainulative rainfall during May-August -
528.2 mm) in the summer of 2005. The landslid®daied on deposits of Paleogene flysh
in Kliwa facies represented by an alternation ofdsdones, clays and shists (Fig. 1, Fig. 2).
The landslide is one of rotational type. The scaag a length of 258.0 m, the average
landslide width being of 111.0 m. The length of ttiéferent landslide blocks varies
between 116.0 m on Block 3 and 133.0 m on BlockHe landslide affects the road on an
approximate length of 300.0 m.

According to the geomorphic and morphodynamic attarsstics the landslide body
was divided into 4 blocks (Fig.1) (Constantin ef 2009).
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Fig.1 The location of the Cdl- Alunis landslide in the Sibiciu basin (Biiz Mountains, Romania)

In November 2007, mobile piles were set up on Blbdk order to assess the slip
plane position using ground surface measuremerdsttaa program proposed by Public
Works Research Institute, Tsukuba. Six transveabghments of mobile piles (each at a
distance of approximately 10 m) were set up.

Three data sets obtained from measuring the movisnoémobile piles set up on
the longitudinal section using a Sokia SET 310/610/total station were analyzed.
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The result obtained using the program of estimatian finally compared with the
result of the slip plane estimation using boreluat.

Geologic and geomorphic setting

The Sibiciu basin covers parts of two relief umgpresented by fnetu Summit
(Buziu Mountains) and Bu Subcarpathians (Fig.1) (Constantin, 2006). TheaBu
Mountains in the Sibiciu basin consist of flysh dsits, NNE-SSW oriented, distributed
into two facieses of Paleogene deposits (Dumitrestcal., 1970): the facies of Gol
(Pg1+2) represented by sandstones, clays and amatlthe Kliwa facies, represented in the
region by sandstones interbeded with clays andssflisch). The Buiu Subcarpathians
consist of Neogene deposits represented mainlyayg,cmarls and sands (Fig.2).
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Fig. 2. The geologic map of the Sibiciu basin

The drainage density in the basin has values okBkn? in Buziu Mountains
and 3-4 km/krh in Buziu Subcarpathians. The presence of landslides inb#tsn is
associated with the 12-2¢hd 6-15slope classes covered by pastures and orchards.

The Coti-Alunis landslide occurred after heavy rainfall in the suen of 2005 on
a slope developed on Kliwa facies (Fig.1, Fig.2fteA geomorphic observations the
landslide was divided into four blocks accordingthe morphodynamic features (Fig.1).
Block 1 appears to be very active and has a 64idhmscarp, an average width of 38.0 m
and a length of 133.0 m. The slide elevation rarfgesm 500.0 to 465.0 m throughout
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Block 1, the difference in elevation being of 35 Time slope angle ranges from 0 td 33
with an average slope angle of the displaced stides of 16.%7 The main scarp and other
two minor scarps, as well as the depletion zone lmareasily noticed on the geologic
engineering cross-section (Fig. 3). The landslige i slightly above the Sibiciu River
(Constantin et al., 2009).

Based on geomorphic observations and boreholesrniation a geologic
engineering cross-section was also elaborated3)ig.

Explanations
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Fig. 3. The geologic engineering cross-section of Blockcdnstantin eal., 2009)

The slide mass consists predominantly of fine siipds with inclusions of schists
and sandstones. The sliding surface comprises geelgic materials (i.e., sands, sandy-
clays and grey clays). The sliding surface intete¢ige sandy-clay layer at a depth of 6.5 m
in borehole F6, and the grey clays at a depth & i in borehole F7 (Constantin et al.,
2009). The drainage of Block 1, which appears tthieemore active one affecting the road,
is the Sibiciu River located at the toe of theeslilhe movement of the slide is caused by
the rain and snow melt water which infiltrates thigh the sandy layer, the sandy-clay and
grey clay layers. The inferred sliding surface ig.R is based on the information from
boreholes (F6 and F7) and the examination of the axad secondary scarps.

In order to estimate the slip plane of Block 1.,ethrdata sets of mobile piles
displacements measurements were analyzed usingndikod proposed by Landslide
Research Team, PWRI, Tsukuba.

Methodology of slip plane estimation

The method developed by PWRI consists in (Asal.e2806; Ishida et al, 2007
Takechi et al., 2008):

- dividing the sliding mass into several blocks;

- the use of displacement vectors at measurementspon the ground surface
along the main profile line of the landslide comsidg them to be parallel with the slip
plane (Fig. 4);

- constructing polynomials for respective blocksl astimating the shape of slip
surface by connecting the polynomials;
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- setting up the appropriate divide line and undmrgd border point (the point of
intersection of different slip plane shapes) actcwydo the estimated slip plane shape based
on field survey.

displacement vector
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Fig. 4. The assumed conditions to calculate the slip plesireg polynomials

The input data of the program are (Ishida et &0,72:

- ground surface profile and coordinates of measardgs points;

- displacement vector at a measurement point ogrivend surface;

- coordinates of points of deformation at the haad toe of the landslide.

Results

In the processes of estimating the slip plane usiagrogram proposed by PWRI,
Tsukuba, 14 different situations were analyzedngisall mobile piles and two blocks
divide lines; using all mobile piles and three Wedivide lines; using all mobile piles,
three block divide lines, the setting of the undeogd border point; use the coordinates of
Mp6, Mp4, Mp3, Mp1, the coordinates of toe or heak block divide line and the setting
of the underground border point.
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Fig. 5. The comparison between calculated slip plane Bmglane obtained from borehole data

The situation which considers the coordinates of6éMmobile pile 6), Mp4
(mobile pile 4), Mp3 (mobile pile 3), Mpl (mobilelgp 1) and toe, the usage of one block
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dividing line and the setting of the undergrounddao point seems to be very close with
the position of slip plane estimated from borelddta.

A vertical difference of 3.3 m (Fig.5) between th slip planes was obtained in
the borehole F7 and in the lower part of the laddsIThis is a subject of discussion since
data from a borehole located down slope of F7 wotfiekr more detailed information about
the position of slip plane inferred from boreholes.

The method depends on personal judgment about p#zesntaken into
consideration in the 14 trials analyzes (Takeclail 2009).

Conclusions

The deep-seated GoAlunis landslide has a complex geomorphic and geologic
engineering characteristic which draws our attenfimm many points of view. One of
them was to estimate the slip plane using the pragoroposed by PWRI in order to be
compared with the slip plane obtained from borehsteatigraphy data.

The results seem to be reliable except the middle pf the landslide. The
difference between the two estimations is queshilensince in that part of the landslide the
borehole data down slope of F7 are missing.

We also consider that the method has the advamifigeing easy to be applied
soon after the landslide occurrence, thus givirg gbssibility to estimate the slip plane
position, to take emergency measures rapidly andemuently reduce the damages.
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