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7.1
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“To retrofit or not to retrofit” for earthquakes is, often, the question engineers need to answer when working on existing
building structures in Switzerland. Even though the seismic hazard in Switzerland is low-to-moderate, earthquakes that
cause significant direct (repair costs) and indirect (e.g. business interruption) losses, a number of injuries and, perhaps
even some fatalities, may occur. A seismic retrofit decision-making method based mainly on considering the risk of fatalities
is implemented in SIA 269/8.
Herein we present a method to measure the benefit of seismic retrofitting a single building structure in terms of reducing
the risk of excessive direct losses (Bodenmann, 2017). The hazard component of the method uses seismic hazard curves
from open-source databases as provided by EFEHR. Given the geographic coordinates and the soil conditions at the site,
the 5% damped elastic pseudo-acceleration spectrum Sae(T) is extracted for different frequencies of occurrence. In this
study, the locations of Zurich, Lisbon, Seattle, Reggio Calabria and Los Angeles are considered. The severity component
focuses on the assessment of the seismic loss probability distribution for a given single event (called severity distribution).
The necessary demand fragility curves are derived, using SPO2IDA (Vavatsikos and Cornell, 2006), as applied in by
Iervolino et al., 2016. The dynamic behaviour of a building is described using an elasto-plastic idealization of its static
pushover curve, resulting in three parameters: yielding acceleration ay, fundamental period of vibration T and structural
ductility capacity mc. Combining the fragility curves with damage functions, as in Dolce et al. 2006, we estimate the severity
distribution. Compounding severity with the earthquake frequency of occurrence results in exceedance probability curves
for seismic loss, or loss distributions.
Risk measures quantify the risk associated with a single building structure exposed to one or more sources of hazard for a
given time horizon. A risk measure input is a loss distribution and output is a quantity that summarizes the risk exposure.
The risk measures ρ(x) examined in this study are:
•
Expected Loss (EL(x)): represents the mean seismic loss in the considered time horizon t.
•
Expected Shortfall (ESα(x)): focuses only on losses above a certain threshold (confidence level α) and refers to
the average expected losses given that the losses exceed the α-quantile.
To assess the effect of seismic upgrading we introduce the Degree of Seismic Upgrading, DSU (Bodenmann, 2017). An
existing building lacking any seismic design features and having a small lateral strength corresponds to DSU=0.
Conversely, a fully upgraded building, designed to meet the current seismic building codes, corresponds to DSU=1. A risk
measure ρ(DSU) is used to define the Normalized Retrofit Benefit (NRBρ) as:

The principal feature of the computed NRBEL(DSU) and NRBESα(DSU) curves shown in Figure 1 is their concavity, indicating
that a partial seismic upgrade has a higher-than-proportional return in terms of direct loss risk reduction. For example, an
upgrade of 30% allows for a reduction of 52% (Zurich) to 75% (Los Angeles) in the expected loss compared to that
achievable with a full seismic upgrade. However, using the Expected Shortfall risk measure reveals that considering high
quantiles (effectively, long hazard return periods and high-intensity earthquake events) changes the shape of NRBESα(DSU)
curves to convex, indicating that a partial seismic upgrade yields smaller-than-proportional returns and justifying a full
seismic upgrade.
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Figure 1. NRBEL and NRBESα curves for different hazard environments

The proposed direct loss risk-based seismic upgrade evaluation method can be used to inform the building owners on how
to most effectively mitigate their exposure to direct seismic losses.
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7.2
Seismic Risk Assessment of Existing Steel Frame Buildings in
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New and existing steel frame buildings designed in low to moderately seismic regions are typically designed with no
capacity design considerations (i.e., no pre-specified energy-dissipative elements). Consequently, such buildings are prone
to the formation of undesirable weak-story mechanisms that can trigger structural collapse in the aftermath of earthquakes
[1]. To this end, it is important to identify potential structural deficiencies in such buildings and investigate their potential
influence on the overall system stability and earthquake-induced collapse risk.
This paper investigates the behavior of an existing 3-story steel building with concentrically braced frames (CBFs). The
building is designed in the 1970s in Swizterland. First, structural details that may be detrimental to the seismic response
and stability have been identified. In particular, Figure 1 shows an eccentric gusset plate (GP) brace connection with two
potential folding lines. This detail can reduce the strength and deformation capacity of the CBF [2,3,4]. Early plastification in
the undersized non code-conforming beams/columns could also induce unexpected failure during seismic excitations [3,4].
Line of
force action
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Figure 1. (a) eccentricty in the brace gusste plate-to-column connection; and (b) potential two-hinge mechanism at folding lines

In order to evaluate the effect of such deficiencies on the CBF’s seismic performance, a rigourous numerical model was
developed in an open source structural analysis software [5,6], as illustrated in Figure 2. The model employs material
models that capture complex cyclic deterioration modes in strength and stiffness in beams and columns as well as potential
fracture in steel braces and their connections. The seismic risk assessment of the CBF is evaluated through rigorous
nonlinear response history analyses using ground motion sets selected based on site-specific probabilistic seismic hazard
analysis.
The simulation results suggest that the building experiences a poor seismic performance depending on the design site. In
particular, an undesirable two-hinge mechanism developed in each GP, which prevents brace yielding/buckling and
potentially lead to the formation of soft-stories. Damage concentration at the connections eventually lead to premature
fracture thereby causing building functionality disruption. Potential retrofit schemes are also discussed.
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Figure 2. Numerical model specifics of the idealized CBF
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7.3
The renewal project of the Swiss strong motion network (SSMNet)
Manuel Hobiger 1, Donat Fäh 1, Eric Zimmermann 1, Clotaire Michel 1, John Clinton 1, Carlo Cauzzi 1, Franz Weber 1,
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Since 2009, the Swiss Seismological Service renews and expands its strong motion network (SSMNet). The goals of the
project are a densification of the seismic network in areas of elevated earthquake hazard and risk, and a better coverage of
the geological and structural variability found in Switzerland. The work is also focused on site effects, and the precise
measurement and interpretation of seismic amplification effects. Stations are mainly installed in agglomerations, important
industrial areas, and regions of touristic importance. Outdated dial-up stations of the old strong motion network are also
replaced within the project.
In the first phase of the project, 30 new stations have been installed between 2009 and 2013 (Michel et al., 2014). The
second phase, which is currently ongoing, includes 70 new stations to be installed by 2020 (Hobiger et al., 2017). At the
time of writing (30 August 2018), 46 stations of phase 2 are installed (Fig. 1). All new stations are free-field stations and are
mainly installed in densely populated urban areas of high seismic risk, but also in more rural areas where relevant
earthquakes happened in the past. Four of the 100 stations are planned to be borehole stations with seismic sensors at the
surface, in a depth of about 20 m and at about 100 m depth, and additional pore-pressure sensors at different depths.
These borehole stations are planned in areas with a potential for liquefaction.

Figure 1. The map shows the free-field strong-motion network on 30 August 2018. It includes 30 stations installed in the first phase of the
renewal project, the 46 stations so far installed in the second phase, as well as further strong-motion installations. The coordinates
correspond to the Swiss coordinate system CH1903.

The site selection includes an investigation of the areas of interest with seismic and geological means. Suitable public
areas of elevated risk, such as hospitals, schools or fire departments are further investigated by installing test stations for
several days to measure the local noise level. All the gathered information are taken into account for chosing the final
station location.
Once the station is installed, the site is characterized using passive and active seismic methods. Dispersion curves for Love
and Rayleigh waves are measured, as well as the ellipticity of the Rayleigh wave particle motion. An inversion of these data
yields the shear-wave velocity profile of the station site. Based on these data, we can model the amplification of the
structure and compare it with the empirical amplification observed by the new station during earthquakes. At sites with
expected non-linear site response or a potential for liquefaction, CPT measurements are also performed, which help in
estimating these effects.
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We will give an overview of the renewal project and show the different steps from the site selection until the final site
characterization.
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7.4
Stand-alone GNSS Receivers as Velocity Seismometers: Geohazard
Monitoring and Earthquake Detection
Roland Hohensinn and Alain Geiger
Institute of Geodesy and Photogrammetry, ETH Zürich
e-mail: rolandh@ethz.ch

Based on time derivatives of carrier phase measurements, the instantaneous velocity of a stand-alone (single) receiver is
estimated with a high precision of a few mm/s; it is feasible to even obtain the level of tenths of mm/s. The advantage of
single GNSS receiver observations is that only the data from the satellite navigation message is needed, thus discarding
any data from a reference network. A field of this method’s application is the detection of hazardous movements by GNSS.
Examples are the monitoring of hazardous slope movements, like landslides and mudflows. Another interesting field of
application is the detection and pre-analysis of large earthquakes. This capability is demonstrated for the 6.5Mw earthquake
of October 30, 2016 near the city of Norcia (Italy) and for the 9.0Mw earthquake of March 11, 2011 in Japan (Tohoku-Oki).
Based on the findings presented, it can be concluded that estimates of the instantaneous GNSS receiver velocity can
contribute to geodetic or geotechnical real-time early warning systems.
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Today, only a patchy answer can be given to the important question of what damage earthquakes can cause in Switzerland.
Thanks to the Swiss seismic hazard model developed by the Swiss Seismological Service (SED) at ETH Zurich, we know
where and how often certain types of earthquake can be expected and how strong the tremors they cause will be at a given
location. Yet, it remains largely unclear what damage earthquakes could cause to buildings and consequently how large the
financial losses could be. Commissioned by the Federal Council, the SED, in cooperation with the Federal Office for the
Environment (FOEN) and the Federal Office for Civil Protection (FOCP), is now plugging this gap and is devising a seismic
risk model, the ERM, to be delivered by 2022.
By combining the seismic hazard, the influence of the local subsurface, the vulnerability and the values of buildings, the
model will enable cantonal and national authorities to draw up improved risk overviews and use them to optimise their
planning. It will further allow to compile detailed scenarios for different types of earthquakes, and to carry out cost-benefit
analyses for earthquake damage mitigation. Besides prevention, the model will serve to quickly and automatically assess
where and how much damage can be expected in the occurrence of an event.

Swiss Geoscience Meeting 2018

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 7: Seismic Hazard and Risk in Switzerland

7.5
ERM – Towards the first Swiss seismic risk model

215

Symposium 7: Seismic Hazard and Risk in Switzerland

216

7.6
Ongoing development of the site response module in the Earthquake
Risk Model Switzerland project
Paolo Bergamo 1, Vincent Perron 1, Francesco Panzera 1, Conny Hammer 1 & Donat Fäh 1
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The site response module of the project “Earthquake Risk Model Switzerland” aims at providing the site amplification layer
to be integrated in the wider work of seismic risk assessment for Switzerland. The module is articulated into three scales of
analysis, attaining an increasing degree of resolution: a national level (national scale zonation for an updated classification
of seismic response), and a regional and local level (encompassing standard microzonation and site-specific studies) for
selected areas (e.g. Rhone valley, Basel area). The present work documents the ongoing development of the project
module.
National scale. At the national scale, the final objective is updating the existing macroseismic amplification map, delivering
several frequency-dependent seismic response layers, inclusive of aleatory and epistemic uncertainties. This will be
achieved resorting to spatial proxies, i.e. indirect site condition indicators covering all (or a significant part of) the Swiss
territory. The collections of site proxies will constitute the input layer for a neural/bayesian network structure predicting the
site response at – virtually – any given location of Switzerland. The neural/bayesian network will be trained and tested at
the sites of 175 SED seismic stations, where the seismic response is measured and known. Our work is presently focusing
on the compilation of the site proxies database, privileging datasets of local information with extended spatial coverage
(e.g. the ~6000 SED single-station noise measurements for resonance frequency estimation), and layers of diffuse
information relating to geology (lithology, subsurface structures, pedo-lithogenic process, rock genesis, see Figure 1) or
terrain configuration (digital elevation models).

Figure 1 – Left: map of rock genesis (according to Swisstopo, 2005) and locations of SED stations (white triangles). Right: Distribution of
SED stations sites according to rock genesis and their measured Vs30 values.

Regional scale. A more detailed analysis of seismic response is to be dedicated to specific regions of interests. In this initial
part of the module work, the Rhone valley in Canton Valais has been selected as target. A network of 12 semi-permanent
stations has been installed in June 2018 to quantify the amplification (from earthquake recordings) at sites of interest for
their geological/topographical configuration and relevant from the risk point of view. In this preliminary stage of the seismic
response assessment, we used the horizontal-to-vertical spectral ratio (HVSR) approach (Nakamura 1989) to determine the
fundamental resonance frequency of the sites. The HVSR approach consists of computing the spectral ratios between the
horizontal mean component and the vertical component of the ambient seismic wavefields recorded simultaneously at one
single station. Figure 2 shows an example of sensor installation and HVSR result at site VET03 (Vétroz, VS). A sharp peak
on the HVSR curve gives a clear estimates of f0 ~ 0.5 Hz for this site.
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Figure 2. Sensor installation at site VET03, measured HVSR curve and deduced fundamental resonance frequency (f0) for the site.

Local scale. At the local scale, the focus is on limited areas where modeling and verification of seismic response is to be
achieved with higher resolution and detail. The starting point has been a set of 3D geophysical models (Basel, Sion, Visp,
Luzern areas) produced in the past by SED and mainly derived from microtremor recording surveys. These models are to
be integrated with the geological information from the GeoQuat project of Swisstopo (Wehrens et al., 2017 for the Visp
region) and refined, if needed, with further seismic measurement campaigns. The next survey to be carried out is a
systematic HVSR microzonation campaign in the area of Sion (VS).
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7.7
Improving capacity curves and displacement demand prediction for
accurate seismic vulnerability assessment at urban scale using
mechanical methods
Lorenzo Diana 1 and Pierino Lestuzzi 1
1
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The evaluation of seismic vulnerability at urban scale using mechanical methods is influenced by several factors: the
definition of an adequate damage scale; the definition of an appropriate building typology classification; the determination of
the displacement demand; the knowledge of the detailed seismic hazard.
In the present work, the involvement of refined capacity curves corresponding to especially developed specific typology
instead of standard capacity curves and an accurate displacement demand determination are introduced for reliable
building damage predictions.
The effects of these two factors are evaluated on the seismic damage distributions calculated for two typical Swiss cities
(Sion and Martigny). Both cities are situated in the main seismic zone of Switzerland and microzones are defined for each
city with appropriate response spectra. Usually seismic vulnerability assessments at urban scale in Europe are performed
in accordance with Risk-UE project: an empirical approach (LM1 method) and a mechanical approach (LM2 method).
The mechanical LM2 method is based on standard capacity curves of traditional building types developed for seismic prone
regions (Southern Europe). Existing building types have not been adapted for northern European cities and in general for
regions with moderate seismicity. New refined typological curves have been developed for Switzerland for better describing
the behaviour of existing standard Swiss buildings with stiff floors under seismic loads (Lestuzzi et al. 2017).
The computation of displacement-demand for existing building, respecting EC8, is usually based in Europe on the N2
method (Fajfar 2000). The N2 method is one of the most widespread methods in Europe for displacement demand
determination. It combines pushover analysis of a multi-degree-of-freedom model with response spectrum analysis of an
equivalent single-degree-of-freedom system. The inaccuracy of the N2 method has been studied by several researchers
(Michel et al. 2014). Modifications to the N2 method have been proposed to improve the accuracy of displacement-demand
determination (Diana et al. 2018).
In this study, the impact of typological capacity curves and modified N2 method are investigated independently. The results
on the two case studies shows that both refinements contribute to enhance the seismic vulnerability assessment at urban
scale. The influence of the two factors relies on the distribution of Swiss types in the general building stocks and on the
different seismic hazard of Sion and Martigny.
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Figure 1. Example earthquake scenario for the Basel school buildings (Michel et al., 2017)

Earthquake loss scenarios are conditional probabilistic seismic risk computations. Conditional means here that source
characteristics (magnitude, location…) are fixed. Losses are very dependent from these characteristics so that such
scenario modelling does not allow to quantify seismic risk. However, earthquake scenarios are useful for earthquake
preparedness. They allow to test and adjust emergency planning, particularly to check redundancies and to prepare local
populations. They are also useful to check the plausibility of models with respect to past events. The same models can be
used for rapid loss assessment just after an event.
This contribution aims at summarizing the good practice of earthquake scenario modelling using recent applications in
Switzerland (e.g. Michel et al., 2017, 2018, see Fig. 1).
In particular, scenarios should be based on probabilistic models, which means that uncertainties are accounted for in the
models and conscientiously combined. Those are critical to avoid overconfidence in the models and keep the right level of
precision. Uncertainties have to be coherently evaluated for all used models and none should dominate the computation
(principle of consistent crudeness). Therefore, the level of precision in scenario modelling is driven by the available data
and drives the choice of the models.
The roughest computations are performed using so-called empirical or macroseismic methods. In order to adjust for the
amplification effects of local geology and account for the seismic vulnerability of the local building stock in an appropriate
way, the current trend is using mechanical approaches that allow quantified observations (e.g. measurement of site
properties, structural plan…) to be included in the models. However, it can be shown that they can be biased and should be
used with care (Michel et al., 2018). As a conclusion, I argue that, contrarily to the recent trend, mechanical approaches
cannot be generically formulated and necessarily need fine tuning using appropriate local hazard and vulnerability data.
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Marine tsunamis have been increasingly discussed in the context of ocean-wide natural hazards since the 2004 Sumatra
and the 2011 Tohoku earthquake tsunamis. While ocean tsunamis are usually caused by earthquake-related plate
displacements, tsunamis in lakes can have a seismic or aseismic cause. The wave-causing mechanisms are usually related
to mass-movement processes that displace large amounts of water causing devastating waves.
Historical evidences in Switzerland has shown that tsunamis occurred in many lakes (e.g. 563 AD in Lake Geneva, 1601 and
1687 AD in Lake Lucerne etc.) causing large damage and also casualties. The causes of these tsunamis were diverse and
varying between the different lake basins and events. An interdisciplinary Sinergia project, funded by the Swiss National
Science Foundation, uses the outstanding field laboratory of Switzerland’s lakes to understand better lake tsunamis by
investigating their trigger mechanisms, wave propagation, inundation, sedimentation processes and their related hazard. In
this contribution, we will present the project and highlight the main objectives.
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Tsunamis do not only occur in oceans but also in lakes. In lake realm they are usually caused by sublacustrine
massmovements or rock falls and despite the smaller spatial scale they might have devastating effects on coastal
infrastructure and population. Conducting geophysical and geotechnical studies for the assessment of the subaqueous
slope stability is an important step for tsunami hazard assessment and mitigation.
Historical and scientific documents attest the occurrence of several tsunami events in Switzerland in the past centuries,
which were related to different triggering mechanisms. In 1601, a tsunami of around 4 m wave height in Lake Lucerne was
caused by earthquake-triggered rock fall and sublacustrine mass movements. Another tsunami occurred in 1687 and was
caused by a spontaneous delta collapse of the Muota delta in Lake Lucerne.
In this study, we use Lake Lucerne as a natural laboratory to study the pre-conditions and trigger mechanisms of slope
failures in different geomorphological settings. This study is part of an SNSF funded Sinergia project.
Based on available geophysical and sedimentological data (reflection seismic profiles, bathymetry data and sediment
coring etc.), we can identify locations where slope failures have occurred in the past and areas potentially prone to failure
in the future. These sites were investigated in different measurement campaings, for which we present preliminary results:
(1) A geotechnical campaign using dynamic CPTu (Cone Penetration Testing) system (FF-CPTu) that allows a rapid
estimation of sediment-mechanical properties (shear strength, pore pressure, etc.) on 150 CPTu profiles at 11
locations. These data allow us to characterize the pre-conditions and potential of failure of the upper part of the
slope sediments;
(2) A coring campaign (combined with CPTu campaign) where 20 sediment cores (up to 1.5 m length) have been
recovered using a gravity coring system to analyse the sediment-mechanical properties of sediments in the
laboratory (shear strength, density, compressional wave velocity, etc.);
(3) Several ocean bottom seismometer (OBS) campaigns providing ambient vibration data recorded at 4 locations
using single station and a sensor array configuration. These datasets allow characterizing the subsurface
structure, including sediment volumes and seismic velocities.
The combination of these data (fig.1) will allow us to assess slope stability, sediment volumes potentially prone to failure as
well as to characterize the behaviour of different slopes under seismic or aseismic loading.
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Figure 1. Map of measured CPTu profiles (dark blue circles), retrieved sediment cores (green circles), OBS single station (blue triangles)
and OBS array (yellow circles) measurements.
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Advances in the field of seismic interferometry have provided a basic theoretical interpretation to the full spectrum of the
microtremor horizontal-to-vertical spectral ratio (H/V (f )). The interpretation now applies to ambient seismic noise data
recorded both at the surface and at depth. The ambient noise wavefield contains information on the underlying subsurface
structure due to multiple scattering and therefore can be used for imaging. The new algorithm, based on the diffuse
wavefield assumption, has been used in inversion schemes to estimate seismic wave velocity profiles that are useful input
information for engineering and exploration seismology both for earthquake hazard estimation and to characterize surficial
sediments layers. However, until now, the developed algorithms are only suitable for on land environments with no offshore
consideration. Here, the microtremor H/V (z, f ) modeling is extended for applications to marine sedimentary environments
for a 1D layered media. The layer propagator matrix formulation is used for the estimation of the Green’s functions.
Therefore, in the presence of a water layer on top, the properties of the propagator matrix for the surface layer are modified
to account for the properties of the water column. As application example for the proposed algorithm we analyze eight
simple canonical layered earth models. Frequencies ranging from 0.2 to 50 Hz are considered as they cover a broad
wavelength interval and aid in practice to investigate subsurface structures in the depth range from a few meters to a few
hundreds of meters. The modeled H/V (z, f ) results indicate that the theoretical formulation is suitable for the interpretation
of the full spectrum of the microtremor H/V (z, f ) estimated from three-component (3C) ambient noise data recorded in
marine environment as well as for on land records. Results show a marginal variation of 5% at most for the fundamental
frequency when a water layer is present. The main changes in the modeled H/V spectral ratio are observed in the
amplitude. The water layer lead to reductions in H/V peak amplitude of up to 50% atop the solid layers.
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Earthquake-triggered landslides and rockfall form two of the most destructive coseismic phenomena and pose a severe risk
to settlements and infrastructure (Keefer, 1984). As an alpine country with moderate seismicity, Switzerland is affected by
these secondary seismic effects as well. For example, the aftershock of the MW 5.8 Sierre earthquake in 1946, the most
recent strong earthquake in Switzerland, triggered a large rockfall of several million cubic meters in volume at the
Rawilhorn, Valais (Fritsche and Fäh, 2009). Recent developments allow to estimate the likelihood for earthquake-induced
mass movements by combining geospatial susceptibility proxies (e.g., slope gradient) with modelled peak ground
acceleration, which allows to incorporate coseismic mass movements in a large scale hazard analysis (Cauzzi et al, 2018).
However, to asses the actual hazard emanating from a specific slope, detailed in-situ investigations on individual slopes are
required.
The final collapse of a slope instability is the result of many interacting influences, such as weathering, geological
preconditions and seismic exposure (past earthquakes), which already weakened the inner structure of the slope.
Therefore, existing slope instabilities have naturally a higher susceptibility to strong ground shaking and should be
investigated with respect to their dynamic response to vibrations. Burjánek et al. (2010) showed that unstable slopes exhibit
strong wavefield amplification of factors beyond 8 and that the wavefield polarizes perpendicular to open fractures. As a
result of these findings, a variety of processing techniques was developed to measure and characterize the dynamic
response of unstable slopes (summarized, e.g., by Kleinbrod, 2018).
We investigate the unstable slope above the village Brienz / Brinzauls (Grisons, Switzerland), which is threatening parts of
the village. The settlement itself is situated on a large-scale slump (Flysch, overlaid by Allgäuschiefer slate) with a
displacement rate of several dozens of centimeters per year, resulting in structural damages on some of the buildings
(Krähenbühl and Nänni, 2017). Consequently, the village and its surrounding were assigned to a “red zone” for natural
hazards in 2017, prohibiting any further construction activities. These movements in the foot of the slope also destabilize
the uphill rock mass, leading to large deformations and sporadic rock fall activities with volumes up to 150’000 m3.
We deployed temporary seismic arrays in the village Brienz and on the unstable areas in the rockfall source zone in June
2018 to obtain shear wave velocity profiles and to characterize the seismic wavefield in terms of amplification, resonance
frequencies, and polarization. We demonstrate the site-to-reference-spectral-ratio method as a useful technique to quickly
outline the unstable area and compare the results to previous seismic studies performed on the same site. The comparison
reveals significant changes in both the polarization and the amplification characteristics. To better monitor temporal changes
in the seismic response and to investigate the dynamic behavior during earthquakes, we installed an autonomous, semipermanent seismic station (BRIZ2) on top of the instability in Mai 2018. Since its installation, the station recorded a number
of small regional earthquakes, for example, the magnitude 2.9 Zernez event on 16.08.2018 with an epicentral distance of
about 40 km. The proximity to another seismic station in the village of Brienz and the use of empirical amplification
functions (Edwards et al., 2013) allows for estimating the absolute seismic amplification factors in the unstable area with
respect to a reference bedrock (Figure 1). These factors are large and exceed the factor of 10 during an earthquake.
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Figure 1. Absolute amplification spectrum of the station BRIZ2, installed on the rock slope instability Brienz / Brinzauls. The input data is
the MLh 2.9 earthquake in Zernez (40 km epicentral distance).
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In the framework of the project “Earthquake research for Swiss nuclear facilities” founded by ENSI, the engineering
seismology group of the Swiss Seismological Service (SED) contribute to the development of ground motion models and
earthquake scaling and the modeling of wave propagation in complex, non-linear media.
In particular, we focus on improving source scaling, attenuation models and to develop methods for prediction of strong
ground motion in Switzerland both at the surface as well as at depth. Two main approaches are investigated: groundmotion prediction equations (GMPEs) and stochastic simulation models (Edwards and Fäh, 2013). Both approaches require
adaptions to the local seismicity and careful consideration of their calibration to Swiss conditions. The Fourier spectral and
stochastic models correspond to the current state of research and have some advantages over the empirical attenuation
relationships, as it is possible to adjust the model to specific local site conditions. The complete understanding in terms of
physical parameterization of such models is crucial in order to decouple different effects, which allow building robust
predictive models that scale appropriately to large magnitude events. In this regard, variability in source parameter such as
stress drop is crucial. Similarly, variability in site-related attenuation parameter kappa is also needed to be understood.
Currently we are involved in investigating different measures of ground motion duration to investigate site effects mainly
basin/topographic effects. In addition to the ground motion duration that is based upon time-interval between certain levels
of Arias intensity, we explore an additional measure of ground motion. It is derived from the phase of the Fourier spectrum
of ground motion, which is essentially referred as group-delay.
Recently, Bora et al. (2015) have developed a new technique for predicting response spectra ordinates, which utilizes two
separate empirical models for FAS (Fourier Amplitude Spectrum) and duration of ground motion. This approach is presently
calibrated on European (Bora et al., 2015) and NGA-West2 databases. We plan to develop an empirical frequency
dependent duration model and an empirical FAS model calibrated upon Japanese dataset.
High-frequency deterministic numerical simulations of wave propagation accounting for realistic sources and complex
media have great potential in seismic hazard studies, as they can provide synthetic time-series that may be potentially used
to integrate GMPEs in areas where the latter are not well constrained. At the same time, they are key to a better
understanding of ground motion variability in the near-source region, where observations are still scarce, and to shed some
light on not-well understood topics, like the contribution of scattering and intrinsic absorption to parameter kappa. By
exploiting advanced numerical techniques and high-performance computing infrastructures, our investigations indicate that
the combined effects of highly heterogeneous media and rough topography may result in peak ground velocity (PGV)
variability comparable with that derived from dynamic rupture simulations already at 10-20km from the source. Recently,
Vyas et al. (2018) found that the amplitude of Mach waves excited by super-shear rupture speed at the source is sensibly
reduced by medium heterogeneities, and not only by variability in the rupture process itself.
At the same time, high-frequency simulations require also accurate modeling of wave propagation through soft soils near
the surface. Observation of strong ground motion recordings suggests that water-rich, sandy soils could experience highfrequency amplitude bursts and possibly liquefaction because of pore-water pressure build-up during strong earthquakes.
We are developing a procedure to calibrate existing non-linear rheological models, relying on a large number of
parameters, based on cone penetration test (CPT) measurements. This, in turn, should help us to explore more reliably the
limits of ground motion.
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Seismicity in Switzerland in the early instrumental period
Re-assessment of the period 1911-1963 from a heterogeneous dataset
Grolimund R., Boesch E., Fäh D.
Swiss Seismological Service, ETH Zurich, Sonneggstrasse 15, 8092 Zürich

The next logical step in the process of improving historical earthquake information for Switzerland after the compilation of
the Swiss Earthquake Catalogue ECOS-09 is the historical-critical revision of the Swiss earthquake catalogue for the period
from 1878 to 1974. A special focus is set on intermediate-size events of epicentral intensities in the range IV–VI (EMS-98).
The revision of this period is presently carried out in an interdisciplinary project funded by the Swiss National Science
Foundation (2015–2019). The period in question covers the pre-instrumental [1878–1912] and early-instrumental period
[1913–1974] of systematic scientific earthquake observation in Switzerland. Due to their relatively high frequency of
occurrence and the increased production of scientific data in this period, the examined event class provides a broad
dataset to improve our understanding of seismicity and source-depth distributions as an important element for future
seismic hazard and risk assessments.
The re-assessment of the pre- and early instrumental period of scientific earthquake observation in Switzerland involves a
multi-tiered analysis of a broad variety of sources containing both qualitative and quantitative data: descriptive as well as
parameterized macroseismic information on the one side and historical seismograms and instrumental parameters on the
other. The macroseismic re-assessment of events in question according to the European Macroseismic Scale EMS-98 is
based on descriptive primary information documented in scientific and non-scientific sources. This data is completed by the
integration of original intensity parameters that had been assessed by earlier generations of scientists, generally in the
Rossi-Forel scale in the form of tables and macroseismic maps. The maps have been preserved in an unpublished
historical “Macroseismic Atlas” covering the whole period of examination. Because the Swiss seismologists adhered to the
Rossi-Forel scale from the 1880s to the 1960s, this set of data consists of one of the longest lasting relatively
homogeneous set of macroseismic data. The examination of the historical practice of data production and the comparison
of this historical macroseismic dataset with macroseismic re-assessment in the modern EMS-98 scale can provide valuable
insights for an empirical scale conversion. This may enable us to use the historical assessments in Rossi-Forel (for most of
which the primary data have been lost and cannot be reproduced in EMS-98) in the ongoing catalogue revision process.
In addition to the macroseismic method, the historical seismograms recorded by the Swiss network of mechanical
seismographs are analyzed as a complementary source of information for the characterization of 20th century seismicity. In
1911, the first instrumental earthquake observatory was installed and in the 1920s a network of sensitive mechanical
instruments designed at the SED was set up, that was kept in place for more than 40 years. The three (later four) very
similar devices were equipped with inert masses of up to 21 tons that gave them a particularly large sensitivity allowing not
only the study of global events as it was common at that time, but also weak and intermediate local and regional
earthquakes. The very large repository of historical seismograms recorded by the Swiss seismograph network held by ETH
library is being classified and made accessible in a common project with the ETH-library archives, and all available
recordings of events that have potentially been felt in Switzerland have been scanned in high resolution. The macroseismic
method can therefore be supplemented by an instrumental approach in a next step.
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Passive ambient vibration measurements are well established to investigate the uppermost shear-wave velocity structures
(up to few hundred meters) while the tomographic methods, mostly based on earthquake recordings, are widely used for
the study of the deeper crust, at depths of the order of several kilometers. We want to fill the gap between these depth
ranges using passive array measurements.
The study area is the Swiss foreland, which is composed, from a geological point of view, of Quaternary deposits, Molasse
and Mesozoic deposits of variable thickness (1 to 5 km) and the crystalline basement. The goals of this study are the
identification of the main impedance contrasts in the subsurface, their comparison with a-priori information where available
and the reconstruction of local shear-wave velocity profiles.
We will present the results of array measurements performed at two different sites located within the Swiss foreland:
Schafisheim (AG) and Herdern (TG). In order to investigate different depth ranges, different type of sensors and different
array configurations of increasing size were deployed using interstation distances included between a minimum of 8 meters
and a maximum of 20 kilometers. At the first site, three arrays of increasing size have been deployed while at the second
location only two array configurations were set up. The recorded data were processed using single-station (H/V and
ellipticity curves) and array techniques (three-component high-resolution FK, SPAC and Wavefield Decomposition). The
obtained measurement results were jointly inverted and combined with other available data to reconstruct a unique shearwave velocity profile representing both the shallow and the deep structures of the subsurface.
The two resulting shear-wave profiles are compared with available geological profiles to identify the main impedance
contrasts and to retrieve the sedimentary thickness variation of the Swiss Molasse basin from north to south.
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Near- and onshore sedimentary units deposited during tsunami inundation and/or backwash are termed ‘tsunami deposits’
or ‘tsunamiites’. They are characterized by a wide range of petrophysical and lithological signatures, depending mainly on
coastal morphology and tsunami-wave energy. In marine settings, tsunami deposits are often used to determine the
magnitude and frequency of prehistoric tsunami events.
Based on historical reports, multibeam bathymetric datasets, seismic reflection surveys and numerical wave modelling,
previous studies have shown that tsunamis also occurred in perialpine lakes in Switzerland. However, even though
historical reports document this underrated natural hazard accurately, a tsunami chronology in Swiss lakes has not been
established yet. Within the larger objective of the SNF Sinergia project “Lake Tsunamis: causes, controls and hazard”, this
study identifies and characterizes lake-tsunami deposits based on sedimentary evidences in the near- and onshore lake
setting. We use sediment cores along coastal cross sections and conduct petrophysical sediment analysis encompassing
density, magnetic, X-ray imaging scans, lithological analysis as well as geochemical element measurements using an
ITRAX XRF core-scanner. For dating purposes, we perform radiocarbon measurements on terrestrial plant remains.
Eventually, these results will be correlated with major mass-transport deposits observed in various lake basins and
compared with results from numerical models within the SNF-Sinergia project.
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Following a historical report, a rockfall occurred in the village Ralligen located at the northern shore of Lake Thun in
598/599. This document also mentions ‘dead fish washed ashore’ and a ‘cooking lake’ (Fredegarius, 1888) suggesting the
occurrence of an impact wave due to the rockfall.
Lake sediments are excellent natural archives that can record the traces of such rockfalls.
In Lake Thun, single channel (3.5 kHz) and multi-channel (500 Hz) reflection seismic data have been acquired during
several field campaigns. These datasets reveal a chaotic to transparent seismic facies with a thickening towards the
northern shore of Lake Thun. This seismic unit can be interpreted most probably as the deposit and deformed sediments
related to the above mentioned Ralligen Rockfall. Long sediment cores have been retrieved with a Kullenberg gravity corer
to date the sediment.
In this contribution, we will present the data related to this rockfall that have collected so far. The main objectives are to
determine (1) the volume of the rockfall that would control the height of an impact wave and (2) to test the hypothesis of a
seismic trigger as cause for the rockfall.
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Tsunamis that occur on lakes constitute very rare, yet potentially serious peril.
The occurrence of historical tsunamis in Swiss Lakes has been documented by various studies, e.g. 563 AD and 1584 AD
in Lake Geneva (Montadon, 1925; Kremer et al. 2012; Fritsche et al. 2012), 1601 AD and 1687 AD in Lake Lucerne
(Schnellmann et al. 2002; Siegenthaler et al. 1987, Hilbe & Anselmetti, 2014). However, to the present day, fundamental
information and workflows to characterise quantitatively the tsunami hazard are missing.
The project TSUNAMI-CH, in close collaboration with an interdisciplinary Swiss National Foundation Sinergia project on
lake tsunamis, aims at addressing these shortcomings by (I) elaborating a classification scheme for a first-order estimation
of the tsunami hazard on Swiss lakes, (II) designing methodological workflows and creating a toolkit for the evaluation of
the tsunami hazard, and (III) creating first intensity maps and distributions of warning times for relevant return periods.
Here we present some first ideas of a classification scheme, that evaluates the first-order tsunami hazard (with focus on
sublacustrine and subaerial landslides and rockslides), based on a set of geophysical and geotechnical parameters. Such
parameters include the lake-surface area, water depth, underwater slope gradients, and the type and thickness of the lakebottom sediments.
An extendable, georeferenced lake database that contains information on the available sets of information for each lake will
constitute a central element in the workflow, containing information for the rapid screening of the tsunami hazard on Swiss
lakes. We differentiate between i) lakes that are limnogeologically well-investigated (i.e. high-resolution bathymetric,
sedimentological, geophysical and geotechnical datasets are available), for which a slope-stability assessment will be
conducted, and ii) lakes with incomplete datasets, for which potential landslide areas will be estimated from the above
mentioned parameters. The expected results of the extensive characterisation of the tsunami hazard in Swiss lakes should
ultimately contribute to a pratice-oriented risk management.
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Subaqueous or Submarine Mass Failures (SMF) are a potential source of hazardous tsunamis (Figure 1). While the link
between seismic events and the magnitude of tsunami waves has been extensively studied and corresponding approaches
are included in numerical tsunami warning models, the basic implementation of SMF generated waves is subject to ongoing
research. In this context, laboratory experiments are essential for the validation of numerical schemes. Most experimental
studies apply rigid slide models whereas only few include granular slides. The objective of this study is to gain a better
insight into the hydraulic processes related to wave generation by submarine granular slides based on experiments (Figure
2) as well as establishing a comprehensive data set for the validation of numerical models.

Figure 1. SMF event with (1) wave generation, (2) wave propagation, and (3) wave runup and overland flow.
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Figure 2. SMF laboratory experiments for α = 30° (top) and 60° (bottom) with ms = 10 kg, dg = 8 mm, h = 0.7 m, ds ≈ 0.13 m.
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Fluid pressure is acknowledged as a key parameter affecting stability and rupture phenomena in the upper crust (e.g.
earthquake or landslide). Moreover, rock-fluid interactions result in stress corrosion and/or rock alteration (time-dependant
mechanisms), enabling rocks to fail at stresses below their short-term failure strength. Because fluid pressures are prone to
fluctuate over time and space (e.g. oceanic tides, seasonal hydrology, cyclic fluid injection in reservoirs), hydraulic fatigue
could add another time-dependant deformations mechanisms.
Here, we present 10 brittle creep laboratory triaxial experiments that bring new constraints on fluid-rock interactions during
cyclic pore fluid variations. The experiments were performed on Fontainebleau sandstone with applying either constant or
cyclic (sinusoidal oscillations) pore fluid pressures. During deformation, the rock mechanical properties and the highfrequency acoustic emission signals were monitored to investigate the physics underlying the rupture processes.
Our experimental results show that, under macroscopically drained conditions, rather than its amplitude, the period of the
oscillations strongly affects the rock sample strength, time to failure and dilatancy behaviour. Moreover, even for small
variation of pore fluid amplitude, and at all pore fluid period, pore pressure oscillations control the acoustic event rate, with
an increase of AE rate at maximum pore fluid pressure. Correlation between oscillations and AE rate increased with (i)
increasing the differential stress applied to the sample, i.e. getting closer to sample rupture; and (ii) increasing the pore fluid
oscillation amplitude and period. In agreement with creep numerical model and wing crack theory, our experiments
demonstrate that pore fluid pressure oscillations may strongly affect rocks mechanical behaviour and associated seismic
activity.
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Fluids play an important role in fault zone and in earthquakes generation (Terakawa et al., 2010). The mechanical effect of
fluid pressure is to reduce the normal effective stress, lowering the frictional strength of the fault, potentially triggering
earthquake ruptures. Fluid injection induced earthquakes, such as in geothermal reservoir, are direct evidence of the effect
of fluid pressure on the fault strength (Ellsworth, 2013). However, the frictional fault strength may also vary due to the
chemical and physical characteristics of the fluid. Here we investigate the role of fluid viscosity during both earthquake
nucleation and propagation. Here we present more than 30 friction experiments performed with the rotary shear apparatus
SHIVA (INGV, Rome) (Di Toro et al, 2010) in order to investigate the role of fluid viscosity during a simulated seismic cycle
(i.e. from the slow accumulation of strain energy to the nucleation of a seismic slip), at normal effective stress up to 10
MPa. Four different fluid viscosities are tested: distilled water (η~1 mPa s) and three mixtures of water with glycerol
concentrations of 60%wt., 15%wt. and 0.1%wt. (η=10.8, s109.2 and 1226.6 mPa s, respectively) at pore pressure Pf of 2.7
MPa and under drained conditions (Violay et al. 2013). In particular, in order to simulate the seismic cycle we perform creep
tests consisting in incrementing stepwise the shear stress on the fault and allowing the slip and the slip-rate to adjust
spontaneously (Figure 1.a) until the onset of seismic slip (e.g. earthquake nucleation). In order to study the earthquake
propagation phase, we perform standard velocity controlled experiments imposing slip-rate ranging between 10 μm/s and 1
m/s and allowing the shear stress to adjust spontaneously (Figure 1.b). Mechanical data show that fluid viscosity does not
influence the reactivation of the fault, which occurs at a friction coefficient of ~0.6 in all the condition and in agreement with
the Byerlee’s law. The experiments performed under room-humidity conditions show a phase of precursory activity before
rupture propagation that is absent in presence of a fluid. On contrary, during earthquake propagation the role of fluid
viscosity is important. The dynamic friction coefficient decreases with viscosity, and it depends on the dimensionless
Sommerfeld number (S=6ηVL/(H2σeff), where η is the fluid dynamic viscosity, V is the imposed slip-rate, L is the
characteristic length over which the fluid pressure changes, H is the initial height of the asperities and σeff is the effective
normal stress as theorized by the elastohydrodynamic lubrication theory (EHD) (Brodsky and Kanamori, 2010).
Extrapolation of our results to crustal conditions suggests that EHD is an effective weakening mechanism during
earthquakes. However, at seismic slip-rates, the slip weakening distance (Dc) increases markedly for the fluid viscosities
expected in the Earth, potentially favoring slow slip rather than seismic propagation for small to moderate seismic events.
Therefore, in the presence of high viscosity fluids, transition from slow nucleation to seismic propagation could not occur
until rupture indicatively reaches kilometric lengths.

Figure 1. Experimental curve showing a) the evolution of shear stress (black solid line) and slip rate (green solid line) versus time in an
creep test performed under by increasing stepwise the shear stress to investigate the stage of the earthquake nucleation; b) the evolution
of shear stress and slip rate versus slip in a standard experiment performed under velocity control mode to investigate earthquake
propagation. Experiments were performed in the presence of mixture 40% water 60% glyc. (η=10.8 mPa s) under an effective normal load
of 10 MPa.
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The mechanics of rupture nucleation and propagation have long been investigated via seismological observations on active
faults, geological observations on exhumed faults and rock deformation experiments on laboratory faults. However, the
integration of these multidisciplinary observations collected at different scales is still challenging. Particularly, friction
experiments are often limited in boundary conditions. Here, we present a state-of-the-art biaxial apparatus able to study
both rupture nucleation and propagation at boundary conditions typical of seismogenic faults. The HighSTEPS, High Strain
Temperature Pressure Speed, apparatus simulates fault deformation in a wide range of velocities, i.e., from 10 µm/s to 0.2
m/s. Within this velocity range, it is possible to study both the rate-and-state friction and the dynamic weakening, under
unique boundary conditions, i.e., normal stress up to 100 MPa, confining pressure up to 100 MPa, pore fluid pressure up to
100 MPa and temperature up to 100 °C. The apparatus consists of a hydraulic system integrated with four linear motors.
The hydraulic system allows for the application of normal stress, confining pressure and pore fluid pressure. The normal
stress is applied by a horizontal piston. The confining pressure is applied through an oil-confining medium by an intensifier
connected to a vessel implemented within the biaxial frame. The pore fluid pressure is applied by two pore fluid intensifiers
connected to the sample, which also allow for permeability measurements. In addition, the vessel is implemented with two
heating plates for temperature increase and feedthroughs for acoustic sensors and strain gauges. The main peculiarity of
this apparatus is the system of four linear motors that are mounted in series in order to apply shearing velocities up to 0.2
mm/s, accelerations up to 10 m/s2 and shear stresses up to 200 MPa. Moreover, both experiments in sliding velocity control
or shear stress control on the experimental faults are possible. Preliminary experiments are coherent with the previous
literature. The investigation of fault friction under a wide range of velocities, normal stresses, confining pressures and pore
fluid pressures will provide insights into the mechanics of earthquakes and reduce the gap between natural and laboratory
observations.
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Locating seismic sources is normally performed on the basis of impulsive arrival pickings which usually cannot be applied
when a signal has an emergent onset, especially in a high noisy environment. We developed a python algorithm using a
back-projection method based on the cross-correlation envelope of signals recorded at different station pairs. The algorithm
works in 7 steps: (1) pre-signal process to remove mean, trend and instrument response, filters and normalizes each trace
using a weight factor (2) creates of a 2D grid where the coordinates of the seismic stations are converted and inserted, (3)
computes the cross-correlation envelope for each station pair, (4) determines the theoretical differential time from each
point of the grid to each station pair, (5) uses the differential time at each point of the grid to get the envelope value to
obtain the back-projection for each station pair, (6) stacks all back-projections into one solution and normalizes (7) plots a
2D colored map showing the final solution. The code assumes the mean as homogeneous.
We used the algorithm on data from a seismic network in Central Italy to investigate drumbeat signals generated at the
Nirano Mud Volcano. The results show good agreement in location between the drumbeat signal and two major mud cones.
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Seismic sources can originate from various phenomena, from mining and induced events to nuclear explosions, to natural
processes such as earthquakes, volcanic activity, and landslides. A seismic moment tensor is a 3 × 3 symmetric matrix that
characterizes the far-field seismic radiation from a source, and together with its uncertainties can be used to discriminate
among sources. Here we present moment tensor estimates for an earthquake in South Korea possibly related to
geothermal energy production, for landslides in Greenland and Switzerland on 2017, and for nuclear tests in North Korea.
We estimate the moment tensor with a grid search over its six-dimensional space by generating synthetic waveforms at
each grid point and then evaluating a misfit function between the observed and synthetic waveforms. The moment tensor
uncertainty is described in terms of the variation in waveform misfit on the eigenvalue lune, a probability density function for
moment tensor source type, and a confidence curve for the probability that the true moment tensor lies within the
neighborhood of the best-fitting moment tensor. We use three-component seismic waveforms from all available regional
broadband seismic stations, and compute Green’s functions for a layered wavespeed model of the source region. Our
moment tensor solutions show clear separation among source types, such as nuclear tests in the positive isotropic region
of the eigenvalue lune, collapses in the negative isotropic region, and earthquakes near the double-couple. The optimal
moment tensor solutions for the landslides are towards negative isotropic, their probability density functions are localized,
and their moment magnitudes range between Mw 4.5 − 5. We find that the landslide in Switzerland requires a source
duration in the order of 10s of seconds, and the Greenland event can be analyzed as multiple episodes, with a moment
tensor for each episode.
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Recent seismological observations highlighted that both aseismic silent slip or foreshock sequences can precede large
earthquake ruptures (Tohoku-Oki, 2011, Mw 9.0; Iquique, 2014, Mw 8.1; Illapel, 2015, Mw 8.3). However, the influence of
pore fluid pressure level on the earthquake nucleation behaviour remains poorly understood. Here, we report for the first
time, experimental results regarding the nucleation of stick-slip instabilities (laboratory proxies for earthquakes) conducted
on Westerly Granite saw-cut samples. Experiments were conducted under stress conditions representative of the upper
continental crust, i.e confining pressures from 50 to 125 MPa; fluid pressures (water and argon) ranging from 0 to 45 MPa;
and temperatures ranging from 25 to 500˚C.
In dry conditions tested, we observe that slip evolves exponentially up to the main instabilities and is escorted by an
exponential increase of acoustic emissions. With pressurized fluids, precursory slip evolves first exponentially then switches
to a power law of time. There, precursory slip remains silent, independently of the fluid pressure level. The amount of
precursory slip (uprec) depends on both fluid pressure and initial shear stress. While increasing the initial shear stress leads
to larger precursory slip, increasing the fluid pressure seems to reduce the amount of precursory slip leading to instabilities.
Independently of the fluid pressure level, we demonstrate that the amount of precursory energy density (τ* uprec) released
prior to the mainshock (the energy dissipated during the precursory stage) scales linearly with the fracture energy of the
main instability ((τ0-Δτ)* ucos). These results suggest that the intensity of the precursory stage is a function of the strength of
the asperity which is eventually going to rupture.
Our experimental observations imply that the initial background stress and the pore fluid pressure level control the intensity
and the nucleation behaviour of the fault. Such observation indicates that (i) that the presence of foreshock sequences is
not systematic during earthquake nucleation and seems attenuated in presence of water, (ii) large ambient pore fluid
pressure could reduce the intensity and the duration of the precursory stage.
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