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Abstract 

Two of the most well known historical landslide occurrences are analyzed and their 

temporal evolution is presented. The sites of Panagopoula and Karya are often 

referred as the most representative cases of long term ground displacements based on 

inclinometer monitoring data. Regarding these cases, the heavy rainfalls constitute 

the main controlling (triggering) factor, while flysch is the critical landslide-prone 

formation which significantly contributes to landsliding. The inclinometer data 

through a long time period were analyzed and typical movement diagrams were 

compiled. A simple statistical model including data normalization through several 

active stages (phases) of movement is used to identify the common kinematic features 

as well as to estimate the velocity trend type of movement. 

Keywords: long term, inclinometer measurements, Panagopoula, Karya. 

Περίληψη 

Οι κατολισθήσεις αποτελούν τον πιο συχνό κίνδυνο στην Δυτική Ελλάδα, μαζί με τους 

σεισμούς και τις πυρκαγιές. Έχουν πραγματοποιηθεί πολλές μελέτες με σκοπό την 

μελέτη των φαινομένων καθώς επίσης και καταγραφή τους σε χάρτες. Στην παρούσα 

εργασία αναλύονται  δύο από τις πλέον καλά μελετημένες κατολισθήσεις ως προς την 

εξέλιξή τους. Οι κατολισθήσεις της Παναγοπούλας και της Καρυάς αποτελούν δύο 

αντιπροσωπευτικές θέσεις μακράς παρακολούθησης μέσω αποκλισιομετρικών 

μετρήσεων. Ο παράγοντας εναύσματος και στις δύο περιπτώσεις είναι οι έντονες 

βροχοπτώσεις. Η κύρια  τεχνικογεωλογική ενότητα που σχετίζεται με αυτές είναι ο 

σχηματισμός του  φλύσχη. Οι αποκλισιομετρικές μετρήσεις για ένα μεγάλο χρονικό 

διάστημα αναλύονται και σχεδιάζονται τυπικά διαγράμματα μετακινήσεων. Γίνεται 

χρήση ενός απλού στατιστικού μοντέλου που περιλαμβάνει κανονικοποίηση των 

δεδομένων κατά τη διάρκεια συγκεκριμένων φάσεων μετακίνησης με βασικό σκοπό να 

αναγνωριστούν τα κινηματικά χαρακτηριστικά της μετακίνησης και να εκτιμηθούν οι 

επικρατούσες ταχύτητες. 

Λέξεις κλειδιά: Διαχρονική παρακολούθηση μετακινήσεων, αποκλισιόμετρο, 

Παναγοπούλα, Καρυά. 

1. Introduction  

It is widespread known that landslides constitute a major geological hazard that causes significant 

damages and both costs direct or indirect annually. The majority of landslides which suffer Greek 

territory usually affect only infrastructure and natural environment without human faculties. 
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Moreover, local authorities and engineering companies involve a lot of geotechnical surveys to 

provide the best solution in order to avoid the failures. In some cases an extensive instrumentation 

program using inclinometers is enough to identify any shallow or deep movements. In this study 

two typical landslide cases that have been monitored with inclinometers were selected to establish 

displacement diagrams based on the long term data series. It is important to mention that both of 

them are classified as extremely slow-moving landslides both of them (WP/WLI, 1995). Historical 

data sets of inclinometers were used to evaluate the temporal evolution of movements. Moreover, a 

consistent dataset of continuous displacement measurements was available for each site for specific 

time periods, while “fill measurement gaps” were also exist for a long time (up to three years). A 

simple statistical model was applied to identify the kinematic features as well as to estimate the 

velocity trend type of movement through the time. The total studied time frame of kinematic 

evolution was ranged from about 20 years in Panagopoula (1995-2015) to 10 years in Karya (2005-

2015). 

2. Case 1: Panagopoula landslide 

2.1. Historical review 

In the late 60's the New National Road Patras - Corinth was constructed at Panagopoula site (K.S. 

193+500) a resulting in a 50 m high, 1:1 inclined slope upwards. The first movements were detected 

before 1970’s by the use of remote sensing methods and aerial photos interpretation. 

Generally, the presence of highly tectonic and sheared - weathered formations of Alpine basement 

(flysch) in that area were resulted in periodically instability phenomena, triggered by heavy rainfall 

and seismic activity (Sabatakakis et al., 2015; Koukis et al., 2005, 2009). 

 

Figure 1 - Aerial photo of landslide taken on 28 April 1971. 

On 25-26 April and 3 May 1971 large scale failures were recorded, (Andronopoulos, 1982). The 

landslide materials caused the interruption of traffic connection (old and new national road and 

railway line) for a long time. The transportation from and to western Greece was made only through 

the sea with the use of ferry boats for several months. 

This large scale phenomenon evolved in two stages. A translational movement on structurally 

sheared and weathered flysch sediments on the upper part of the motorway slope failed over a zone 

of about 350m that developed into a large volume earth flow in the lower part (Figure 1). The 
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material was tectonically highly sheared and weathered flysch, while the volume of the dislocated 

debris was in excess of a million cubic meters. The slide depth was about 20 m. 

The second stage including an important rotational slide (May 1971) occurred in the adjacent area 

within the first stage debris flow and extended over a distance of about 250 m. As a result severe 

cracks and failures in the New National road structures were recorded as well as damages up to the 

coastline (Figure 2). An important mass movement occurred in February 1972 in the weathered zone 

of the upper flattened slope. In view of these, numerous extensive geological and geotechnical 

investigations onshore as well as offshore took place in order to design the appropriate remedial 

measures. These included removal of debris material, slope flattening, two drainage tunnels (460 

and 390 m long, constructed at 30 m and 95 m a.s.l ), a network of drainage ditches, construction of 

retaining systems consisting mainly of gravity and cantilevered concrete walls. 

 

Figure 2 - Photograph published on press on 04/05/1971 from the suffered site. 

The first inclinometer boreholes installed in February 1983 and November 1983 after the detected 

ruptures and cracks on the old national road pavement. During 1994 nineteen boreholes with 

piezometer and inclinometer were drilled (Figure 3) as part of a geotechnical investigation program. 

Monitoring indicated that the remedial works taken have been effective for the stabilization of the 

slope above the motorway, whereas horizontal displacements were still taking place downslope the 

highway. The final remedial measures were designed to stabilize the lower part of landslide zone 

included among others the construction of a pile wall with 20-25 m long piles and total length about 

400m which was constructed during 2001 to 2002. Afterwards, the new high way and railway design 

included the construction of two tunnels by-passing the landsliding zone. 

2.2. Inclinometers survey 

A wide network of inclinometer boreholes have been installed along the years in the past and an 

abundance of measurements are available. Three main series measurements have been conducted. 

The first one took place during 1995 to 1997 and a second between 2002 and 2009. The third one 

done in the framework of LAVMO project, by the Laboratory of Engineering Geology of Patras 

University during the period March 2013 to June 2015 and it is goes on. 
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Table 1 - A total catalogue of inclinometer boreholes which have been monitoring over years. 

Borehole 
Depth of 

measurements (m) 
Monitoring days Measured periods 

D01 38 685 1995-1997 

D02 38 736 1995-1997 

D11 29 736 1995-1997 

D12 49 648 1995-1997 

D13 43 348 1995-1995 

D14 34 720 1995-1997 

D15 81 2146 1998-2004 

D21 49 832 1995-1997 

D22 35 347 1995-1995 

D23 44 848 1995-1997 

D24 37 848 1995-1997 

D25 38 637 1995-1997 

D26 39 797 1995-1997 

D31 49 579 1995-1996 

D32 69 767 1995-1997 

D34 38 297 1995-1995 

D35 29 578 1995-1996 

D35Α 49.5 2528 766 2002-2009 2013-2015 

D36 75 3970 494 1998-2009 2013-2015 

D26Α 60 700 2013-2015 

D14Α 23 2548 2002-2009 

G2 64 736 2013-2015 

A new drilled inclinometer borehole (G2) installed on the western part of active part of landslide 

area and three pre-existing boreholes (D35A, D36 and D26A) closely located were start tracking 

again. As a result more extended time series achieved as shown on Table 1. 

 

Figure 3 - Borehole positions on the simplified engineering-geological map of Panagopoula. 

All these data were recorded and analyzed in order to display cumulative displacements versus time 

on charts. Two of them were characterized as long term monitoring boreholes (D35A and D36) as 
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they have been monitored more than fifteen (15) years. Borehole D35A show a cumulative 

displacement up to 32mm in 20 m depth for the period 2002-2009, while the borehole D36 about 

54mm in 25 m depth for the period 1998-2009 (Figure 4a). 

Furthermore, measurements at the same boreholes showed 9.4mm and 12.6 mm displacement 

respectively, for the period 4/2013-6/2015, while 9.87mm displacement for the new drilled borehole 

G2 has also been measured for the same time period (Figure 4b). However, these time series does 

not consists a consistent data set of continuous measurements while there is a four year “gap of 

measurements” for the period 2009-2013. This is clearly shown in Figure 5, where displacement 

data coming from D36 were plotted in a chart and “a grey-zone in time series” has been revealed. 

The latest time series during the period 2013-2015 provides a monthly interval of measurements. 

All these measurements give a remarkable data set in order to estimate the typical trends of 

displacement. 

2.3. Statistical analysis 

The available wide and long term archive of real inclinometer measurements permit to distinguish 

the velocity on critical stages on their evolution depending on the moving trends. For this purpose, 

a simple procedure which estimates the typical trends of displacements was used. According to this, 

the shorter the time between two consecutive monitoring data, the clearer the trend movement 

(Cascini et al., 2014). The best way to identify common kinematic features is by the normalization 

of cumulative displacement and time related on the duration of each activity stage of landslide. This 

formula is described as (Cascini et al., 2014): 

 

 

Figure 4 - Displacements calculated at the sliding surfaces a) displacements versus time for 

the period 1998-2009 b) displacements versus time for the period 2013-2015. 

(a) 

(b) 
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Figure 5 – Data set of D36 borehole present a “gap” from 2019-1013. Red line shows the 

cumulative displacement for the first period while the green line the second. The blue line 

represents the minimum cumulative displacement corresponding to zero displacement. 

Equation 1 - Formulas for normalized displacements and time 
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where d(tj) is the monitored cumulative displacement at time tj, Di(tj) is the normalized 

dimensionless displacement at time tj, i is the active stage (phase), dmin and dmax are displacements 

at the beginning and end of active stage i, Ti(tj) is the normalized dimensionless time tj and tmin and 

tmax the time at the beginning and end of active stage. Inclination differences on the cumulative 

displacement curves determine individual active stages (i). 

As shown Figure 6, four (4) active stages (phases) selected for testing the model of trends and 

calculate their individual velocities. 

 

Figure 6 - Four active stages of displacements were detected on D36. 

The framework for typical trends of displacements classifies the rate of movement into three trend-

types. Generally, all of them can describe through the equation below: 

Phase 1 

tmin=0 days 

dmin=0 mm 

Phase 2 

tmin =1776 days 

dmin=17.49 mm Phase 4 

tmin=5733 days 

dmin=54.63 mm 

Phase 3 

tmin=3459 days 

dmin=42.72 mm 
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Equation 6 - Formula for trend expression 

x

jiji tTtD )()(   

The trend type-I (x=1), refers on constant rate of movement, trend type II (x<1) means that the rate 

of displacement decreases over the time and trend-type III (x>1) correspond to accelerating 

movement. The trend type for each phase could be estimated after projecting on chart normalized 

cumulative displacements versus normalized time (Figure 7a). After the generation of such plot 

Phases 1 and 2 characterized as trend-type II, while the latest two periods of measurements, Phases 

3 and 4, follow the trend type III. Consider the calculated velocities relevant to these Phases, arise 

that the latest period of movements 2013 to 2015 characterized by accelerating movements and the 

peak velocity is equal to 0.06 mm/d (Figure 7b). The velocities of continuous displacements 

corresponding to each Phase are estimated by the following equation: 

Equation 7 - Formula for velocity expression 
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Figure 7 - (a) Trends of normalized displacements for each phase, (b) distribution of 

velocities on selected phases. 

In February 1999, a sudden mass movement occurred during an intense and prolonged rainfall. The 

main road connecting nearby villages failed into a zone of 150 m. The total length of landslide was 

about 500m with a vertical movement of 35m and a head width of 150m (Figure 8a). 

In December 2001, after an intense rainfall (94.2 mm in less than 24 h), a large volume of debris 

material failed suddenly, triggering a new extensive landslide which flowed rapidly on the westward 

side of the slope. A newly constructed house moved for about 50 m (Figure 8b) and destroyed by 

sliding masses totally, while the main road connecting the nearby villages also completely failed. 

The total volume of landslide materials since 1960’ has been more than 600,000m3 (Sabatakakis et 

al., 2005). 

The geological settings involved the high folding and faulting features of alpine basement (flysch, 

limestone, chert). It was clear that the presence of the tectonic highly sheared and weathered flysch 

formation contributed to the periodically induced instability phenomena. These formations covered 

by the recent debris of Quaternary and landslide materials. Moreover, a number of geotechnical 

surveys which carried out in the past, note that the main surface of failure is in the contact of flysch 

with recent materials. 
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The first inclinometer borehole set was installed in June 2003 and a second one was followed in 

November 2004. Recently, in March 2013 in the framework of LAVMO project a new inclinometer 

borehole was installed in main body of the landslide to replace the older boreholes. 

2.4. Inclinometers survey 

Karya landslide such as Panagopoula is characterized by a long term monitoring via inclinometer 

measurements. There are two main series of measurements which took place between the period 

2003-2007 and 2013-2015. The second period was carried out in the framework of LAVMO project, 

by the Laboratory of Engineering Geology of Patras University during the period March 2013 to 

June 2015. The Table 2 summarizes these operations. 

Table 2 - Inclinometer boreholes monitored over the last years. 

Borehole 
Depth of 

measurements (m) 
Monitoring days Measured periods 

G1Α 48 1390 2003-2007 

G2Α 32.5 1608 2003-2007 

G3Α 45 1390 2003-2007 

G4Α 46.5 389 2003-2004 

G5Α 21.4 391 2003-2004 

G4 30 808 2013-2015 

 

 

Figure 8 - Displacements detected on active boreholes (a) displacements of G2A for the 

period 2003-2007, (b) displacements of G4 for the period 2013-2015. 
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tmin =197 days 
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Only in two boreholes (G2A and G4) significant displacements have been detected for the period 2003-

2015. The G4 is located very close to G2A so it could be a helpful detector to validate the sliding surface 

as long as the moving evolution. As well, G2A had a cumulative displacement of the order of 9mm in 

19.5m depth for the period 2003-2007 while G4, 4.5mm in 21 m depth for the period 2013-2015 (Figure 

9). 

2.5. Statistical analysis 

Following the procedure presented above the typical trends of displacements for selected sub-

periods between to 2003-2007 were estimated. Four different phases were chosen to determine the 

kinematic behavior (Figure 9). As resulted from the plot of normalized cumulative displacements 

versus normalized time, the Phases 2, 3 and 4 characterized by the trend-type I, while the oldest 

Phase 1 characterized by the trend type III (Figure 10a). The maximum velocities relevant to the 

phases are extremely low with the highest noted on the Phase 1 with a value of order of 0.024mm/day 

(Figure 10b). The main type of movement is linear. 

  

 

Figure 9 - (a) The typical trends of normalized displacements, (b) distribution of velocities on 

selected phases. 

3. Conclusions 

The landslide occurrences presented in this work are characterized by extremely low displacements. Long 

term measurements of displacements allow to recognize changes on the type of movement which could 

be linked with external dynamic factors such as earthquakes or heavy rainfalls. As resulted after the 

analysis of real displacements, the Panagopoula landslide appears significant changes on the kinematic 

behavior over the years with changing rate of movements between 0.02 and 0.06mm/day. On the other 

hand Karya landslide notes obviously a constant rate of movement and very low velocities (0.01 to 

0.025mm/day). The correlation of the rate of movements with specific earthquakes and heavy rainfalls 

constitutes the next step of study for the influence of the triggering factors on the reactivation conditions. 
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