
LONG-TERM MONITORING OF THE ROCK SLOPE DEFORMA-
TION GRADENBACH-EGGERBERG AND REVISED ENGINEER-
ING GEOLOGICAL ASSESSMENTD25

ABSTRACT
Rock slope deformation (RSD) on Eggerberg Mountain in Austria has been monitored since 1966. Our analysis, spanning decades, uses 

GNSS and extensometer data. We found four distinct subdomains with varying displacement rates. The upper domains experienced transla-

tional slides with 4.11-4.52m displacement, while the lower domains showed rotational slides with 3.52-6.74m displacement from 2009-2021. 

The study underscores the importance of engineering geological assessments in designing monitoring systems and hazard assessments to 

interpret measurements in a broader context.

INTRODUCTION
Rock slope deformations (RSD) have attracted increased attention in the Alps in recent years, as some have shown very strong movements 

or have caused rock slope failures, such as Piz Cengalo, Preonzo and Brienz (Mergili et al. 2020). RSDs often exhibit passive, slow move-

ments or quiescence for months or years, followed by periods of acceleration leading to progressive failure. For the hazard assessment 

of a RSD, it is essential to recognise accelerations early in relation to long-term movement trends. Accurate and precise local monitoring 

systems are needed to provide much needed data for the detection of precursory movements of potential rock slope failures (Leinauer et 

al. 2023, Oestreicher et al. 2021). The Gradenbach-Eggerberg RSD extends over 1.7 km2 and is situated in Carinthia, Central Austria, near 

the municipality Putschall, south of the Egger-Wiesen-Kopf and the Gradenbach river (2,268 m, 1,200 m a.s.l., respectively) (12.85° E, 47.00° 

N) (Figure 1). The deforming movement of the Eggerberg slope is formed mainly in phyllites, carbonate phyllites and mica-schist phyllites 

of the penninic Matrei zone. Continuous monitoring data has been available since 1980, making it an exceptional resource (Brückl et al. 

2013). A long-time series of measurements at Eggerberg allows the recognition of changes in slope movements and the analysis of higher 

amplitudes of slope movements in a meteorological context. The measurements of the GPS stations and the extensometer have shown over 

the years that the different measurements cannot be represented by the simplified engineering-geological picture of a homogeneous domain 

moving towards the Gradenbach. Therefore, the engineering geological characteristics needed to be revised based on morpho-gravitational 

structures and kinematic feasibility analysis that can explain the various surface displacements.

Figure 1 Overview map of the Gradenbach-Eggerberg rock slope deformation in Carinthia, Austria (12.85° E, 47.00° N) with the inset showing the site location in Austria. The map of the 

study area indicates the formerly assumed single homogeneous domain delineated by the major scarp and the new interpretation of four subdomains A-D. Some major morpho-gravitational 

structures are indicated that served to reinterpret the engineering-geological conditions. 4 GNSS stations MA-MD and the wire extensometer locations are shown. 
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METHODS
The wire extensometer was installed in 1980 and data were recorded analogue, since 2006 an automatic recording system is installed (Brückl 

et al. 2013). With the aim of an appropriate time resolution for the slope movement, a GNSS monitoring system was developed and imple-

mented on the Eggerberg slope, 2009-2011 as a GPS-only system (Lienhart and Brunner 2013, Schönberger et al. 2020). 5 GNSS units (MA, 

MB, MC, MD, ZR) were placed in the most active part of the slope (Figure 1).  Additionally, 2 reference stations were set up on the stable 

parts outside the main RSD: one at the Egger-Wiesen-Kopf at 2,257 m (R1) and one vis-a-vis on the opposite valley flank in 2 km distance 

(R2). All site positions were differentially corrected with station R2. The two GNSS stations (MA and MC) have been permanently monitored 

since 2009, the other three (MB, MD, ZR) are monitored in two short campaigns per year since 1999. Standard deviations of the individual 

GNSS stations have different rates of movement. The rock properties, morpho-gravity structures and foliation parameters were used to create 

a kinematic analysis of the failure mechanism. The backscarp is parallel to the foliation dipping moderately towards 215-230° with 45° and 

the upper part of this domain displays numerous foliation-parallel scarps up to 50 m high.  Standard deviations of the position coordinates 

are 1 mm in horizontal and 2 mm in vertical direction. Here we analyse the daily velocity data.

The Pearson correlation coefficient measures the linear relationship between two datasets (Wilks 1995). Like other correlation coefficients, 

it varies between -1 and +1 with 0 implying no correlation. Positive correlations imply that as x increases with y and negative correlations 

imply that as x increases, y decreases.

RESULTS AND DISCUSSION
Over the years, GPS station and extensometer measurements have revealed discrepancies challenging the simplified engineering-geological 

model of a uniform domain. Consequently, a revision of engineering geological characteristics was necessary, incorporating morpho-grav-

itational structures and kinematic feasibility analysis to elucidate diverse surface displacements. Kinematic feasibility tests for both upper 

domains C and D indicate planar failure with main joints having developed parallel to foliation dipping towards 220-260°, and that this joint 

set is critical together with joint set 2 (130-160°) for wedge sliding. 

The GNSS stations measure the movement of the slide in the main slide direction and annual horizontal velocity at MC is about 0.10 m/yr 

and at MA 0.04 m/yr. The upper domain C is often the first to start moving and the quiescent phase occurs earlier than with domain A in the 

lower part. The slope between MA and MC has already been compressed by >2 m as the faster translational landslides slip onto the lower 

rotational landslides (Schönberger et al. 2020). Overall, the upper translational landslides move faster than the lower rotational landslides.

The correlation coefficient analysis indicates that the measured velocities recorded with the wire extensometer correlate well with geodetic 

measurements of GNSS station MA, both situated on the rotational domain A Figure 2. A lower correlation is shown between MA and MC 

and MC and the extensometer as those are located in different subdomains A and C. 

Figure 2 Correlation coefficients of longitudinal velocity measurements of the two automatic GNSS stations MA and MC and the wire extensometer. MA and the extensometer are located 

in subdomain A, MC is located in subdomain C – see Figure 1 for locations.

CONCLUSIONS
This study focuses on a unique long-term data series of the Gradenbach-Eggerberg rock slope deformation in Carinthia, Austria, based on 

GNSS data since 1999 and extensometer data since 1980. We can show that a formerly assumed single domain of deformation is not able 

to explain the heterogenous surface movements. A revised engineering-geological analysis with a kinematic failure feasibility is presented 

based on morpho-gravitational structures and reveals four subdomains. The higher domains underlying translational sliding and the lower 

domains rotational sliding processes.
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