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Future of geotechnics: Disrupting tunnelling

The engineers behind the new Hypertunnel method
aim to shake up the tunnelling status quo.

Underground construction innovations through the ages
range from drill and blast - introduced to mining in the 1600s
- to Marc Brunel’s tunnelling shield used to build the Thames
Tunnel between 1825 and 1843.

This was followed by the introduction of mechanical tunnel-
ling machines, and, roughly a century later in the 1950s, an
early version of the modern tunnel boring machine (TBM).

TBMs and tunnelling technologies have continued to evolve
since then, most recently with the introduction of greater au-
tomation and digitalisation.

Nonetheless, TBMs have a reputation for being big and slow.
The first two TBMs working on High Speed 2’s Chiltern tun-
nels, for example, are 170m long and weigh 2,000t each.
They advance at around 15m per day.

High tunnelling costs are also linked to the size and speed of
the machinery.

This has prompted the likes of Tesla head Elon Musk to prom-
ise a tenfold acceleration of tunnelling with the help of new
technology.

According to the website for Musk’s Boring Company, its lat-
est TBM, the Prufrock, is designed to launch from the surface
and tunnel at more than 1.6km per week by using a contin-
uous mining method.

But even Musk’s approach is simply a further iteration of the
current TBM.

Last year, UK start-up company Hypertunnel started making
waves when it unveiled a system it believes could revolution-
ise tunnel building.

Hypertunnel director of engineering Patrick Lane-Nott says:
“The reality is that while tunnelling has seen iterative devel-
opment since the first boring machine came to the fore, the
fundamentals of the actual method haven’t changed.

“We believe that there are some real opportunities to grasp
some of the technologies that are readily available today, but
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currently being used in other industries, to help boost and
improve the overall tunnelling process.”

These include horizontal directional drilling, underground sur-
veying, digital twins, artificial intelligence, swarm robotics,
3D printing, dragline and autonomous technologies.

A combination of these forms the new Hypertunnel approach.
Entering hyper tunnelling

The onsite Hypertunnel process begins with the drilling of in-
dex bores to produce core samples along the entire tunnel
path.

The horizontal directional drilling method used for this is a
well known trenchless technique for installing pipelines and
utilities. This technology can drill up to around 1.3m diame-
ter, 4km long tunnels.

Instead of geotechnical investigations undertaken from the
surface, the Hypertunnel approach aims to get a detailed pic-
ture of the geology and ground conditions from within the
ground itself.

“What we propose is a much more detailed evaluation of the
ground that we’re going to work on,” says Lane-Nott.

The preparation process includes the drilling of index bores
along the entire tunnel path to produce core samples

In addition to geological maps and records, the traditional
method of investigating a tunnel alignment would include
drilling vertical boreholes at specific intervals along the tun-
nel route.

“Anecdotally those can be half a kilometre apart and you're
just guessing what’s happening between them,” Lane-Nott
adds.

“You have to interpolate between those points to be able to
guess what’s going on in the geology. We think that brings a
lot of risk. Your geology can change millimetre by millimetre
through the tunnel path. We want to know exactly what’s go-
ing on at any point.

“"We want to take a complete bore sample down the whole
length of the tunnel. The technology is readily available and
used in the oil and gas industry.

“We can then put that information into our digital twin.”

The next step involves drilling a series of bore pipes to form
the outline or shell of the tunnel, in the same way as the
original index bores.

These bores are then lined with 280mm high-density poly-
ethylene pipes that create a “clean environment” and offer
access for geological survey tools, including ground penetrat-
ing radar and seismic sensors.
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The semi-autonomous Hyperbots are sent into the bore
pipes to do most of the "dirty" work

Hypertunnel’s robotic delivery system - a “swarm” of small,
semi-autonomous robots similar to drones - is then put into
action to help gather this information. These “Hyperbots” can
be kitted out with different tools for different functions, in-
cluding a “Hyperbit” for drilling.

The data is used to further enhance the 3D model - or digital
twin — of the tunnel, which is created with the help of artificial
intelligence and which supports building information model-
ling. The model will also detail the types of construction
chemicals needed to stabilise the ground around the tunnel.

In the construction phase, the Hyperbots are once again sent
into the “botways” carrying cartridges of construction chem-
icals. They build the tunnel using the additive manufacturing
process familiar from 3D printing. The bots move around like
the head of a 3D printer and can place construction materials
to form the tunnel structure. This could also be done through
permeation grouting and general ground consolidation meth-
ods.

The geological survey tools will then be sent inside the tunnel
structure once more to make sure it has the correct thickness
and strength.

“Once we're confident we’ve got our tunnel structure right, it
is then about disrupting the unconsolidated ground that'’s in-
side it,” says Lane-Nott.

“We then return to our index bores, those initial bores where
we've taken our core samples from. They are also lined at
this stage because we’ve done surveys through that as part
of our initial data gathering surveying phase. We then use
horizontal directional drilling techniques to ream out those
pipes.

“That technique again is very well established; that's how
they put large pipes into the ground using HDD [horizontal
directional drilling].

“And what that does is that it creates space within the con-
finement of the tunnel structure where all of the unconsoli-
dated ground is sitting, which then starts to collapse and to
fall in.”
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Once the outline of the tunnel has been created by drilling
bore pipes and 3D printing in the ground, the initial index
bores are reamed out

To help this process Hypertunnel is exploring several tech-
niques for specific geologies. These include sonic, dewatering
and hydraulic fracturing.

“Once the ground has collapsed into a slump, then we can go
in and just excavate that,” Lane-Nott continues.

“We can deploy our dragline shield, which borrows technol-
ogy from opencast mining where you have dragline buckets
pulled around by cables that can pick up and scoop hundreds
of tonnes in a single sweep.”

By running cables through the insitu pipes, the shield would
be dragged through the tunnel to pick up all the spoil and
finish off any lining needed on the inside.

The spoil can also be extracted to the surface, borrowing
techniques from mining, where conveyors and nowadays au-
tonomous trucks are used to move material.

Looking to the future
A key element of the Hypertunnel process is that people will

not enter the tunnel environment or go near the cutting face
during the construction or excavation phases.

“When the Victorians were building these amazing tunnels
that we're still using today, they realised that the way to get
those built quickly was to use lots and lots of people. So, they
used to throw people at the problem, because they were not
only cheap to employ, but the value of life in those days was
not what it is now,” says Lane-Nott.

After the geology within the shell is disrupted, spoil is re-
moved with a remote-controlled excavation shield
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"By taking some of those cues from the Victorians, who were
using a ‘human swarm’, we can use the bots to do all the sort
of nasty, dirty work that’s potentially dangerous. We can
keep the humans out of the perilous area until we've got a
full structure.”

Lane-Nott sees this as the underground construction method
of the future, as he believes the benefits go beyond safety
and efficiency.

“It’s a bit like keyhole surgery. We're only using material as
and when we need to, so that way we can be much more
efficient with the amounts of material. And there’s a lot less
transport and manoeuvring of all the different elements of it,
because we're building and using it insitu,” he says.

“From an environmental perspective, when we’re excavating
our spoil, we take it out as it comes out of the ground.

“"We don't have to pulverise it into a dust, suspend it in a
fluid, move it away from the face, and then have to post pro-
cess it to be able to dispose of it. We can just utilise it in local
civil work, for example.”

Hypertunnel is carrying out various studies into the use of its
technologies, including working with Network Rail to use
some of the elements to repair its tunnels.

But the real test will be with the first pilot tunnelling project
that uses the approach from start to finish. The company is
talking to a number of potential partners and sites for this
trial, which could take place in the next six to 12 months.

(Nia Kajastie / GROUND ENGINEERING, 05 April, 2022,
https://www.geplus.co.uk/features/future-of-geotechnics-
disrupting-tunnelling-05-04-2022)
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All About Offshore Wind Turbine Foundations
Net Zero Goals

The COP26 global summit in late 2021 made important pro-
gress in a number of areas. Countries worked toward the aim
of closing the gap, limiting global warming to 1.5 deg C. Bold
collective commitments were made to:

Curb methane emissions
Halt and reverse forest loss

Align the finance sector with net zero emissions (carbon-
neutral) by 2050

Ditch the internal combustion engine
Accelerate the phase-out of coal
End international financing for fossil fuels

Many countries pledged to achieve net zero by the middle of
the century. To achieve this goal, plans have been made to
adjust the energy mix with a strong focus on clean energy.
Renewable sources such as solar, wind, and hydrogen play
an important role in reaching net zero.

The Growth of Offshore Wind

In regards to wind energy, the onshore wind industry has
grown for decades and has been adapted by many countries
around the world. The offshore wind industry is relatively
newer; however, it has witnessed rapid expansion in the
United States, Europe, and Asia in recent years. Furthermore,
the cost of offshore wind has fallen dramatically, and it is
speculated that this will become the cheapest form of energy
in the industrialized world.

el . Wind turbine

Onshore substation ..o

Onshore export ..................
cable

Oﬁshoré 3
A array cable ™-..........
“Foundation

Figure 1: Typical layout of an offshore wind infrastructure
connecting to the onshore transmission grid.

Figure 2 from the GWEC 2021 report shows the constant
compound annual growth rate of 11% from the wind energy
since 2015. The new installation of offshore wind has in-
creased year-on-year, with 35GW additional capacity seen in
2020.
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Figure 2: Global CAGR of wind energy (GWEC 2021).

The US Department of Energy, in its recent market report,
showed an overview of the already announced offshore wind
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projects around the world mounting up to 29GW of new ca-
pacity in 2026. China reached its highest annual addition in
2021, while the United States, United Kingdom, Poland, and
the rest of Asia expect exponential growth of new installa-
tions in the next five years.

32,000

. China W United States Germany WS Netherands 29,866 MW
- Other Asia W Other Europe WS Poland mmm Other Americas
- Unted Kingdom Denmark

28,000 4

24,771 MW

24,000 4
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Figure 3: Offshore Wind Developer-announced COD.

The huge demand in capacity has also led to growing individ-
ual turbine capacity and larger rotor blades. It is expected
that by 2035, the turbine capacity could reach 17MW, at the
height of 495ft above sea level and rotor blades sweeping an
area with 820ft in diameter.

Figure 4: Sizes of wind turbine structures.

Types of Offshore Wind Turbine Foundations

Foundation selection for these offshore structures plays an
important role in the overall concept design for offshore wind
farms. There are significant financial implications attached to
the choices that are made. Typically, foundations account for
16 to 34% of the overall costs, depending on the location and
size of the wind farm.

Due to the vast size of a wind farm, there will be varying sea-
bed conditions, including water depth and distance from the
shore. As a result, the loads on the foundations will change,
and ideally, the best design will be to design each foundation
individually, which will give rise to a customized foundation
design for each turbine location. However, from an economic
point of view, it is desirable to use just a few foundation types
to reduce costs and improve efficiency because the process
of fabrication and installation can be carried out using the
same installation vessel. Most North European developers
prefer one type of foundation (either monopiles or jackets) in
a site. This consideration often dictates the layout of the farm
to avoid deeper water or soft, locally available mud.

In addition, many other aspects must be considered while
choosing and designing the foundation for a particular site.
They include:
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e Ease to install under most weather conditions
Varying seabed conditions

Aspects of installation including vessels and equipment
required
e Local environmental regulations (noise)

A general guide to foundation types in terms of water depth
could be described as follows:

e Typically, for near-shore areas where WD is less than
30m, a monopile foundation would be the suitable and
economical choice

e Going further and deeper up to 60m WD, jacket struc-
tures on suction buckets or pile foundations would
be appropriate

e Deeper than 60m is the playing field of regular offshore
floating systems, such as tension leg platform, spar, or
semi-submersible

Each of the foundation types poses different sets of technical
challenges.

Fixed foundations need to address concerns of:

e Pile design to withstand environment and dynamic loads
from turbine

e Multiple seabed design conditions covering the wind farm,
loadout, and installation

Floating foundations should be designed for:

e Safe operation under extreme pitch, roll, and heave wave
motions

e Stability design and dynamic coupling of translational and
rotational platform motions and turbine motions

Dynamic behavior of mooring lines
Buoyancy to support full weight of turbine, tower, and
platform

e Anchoring system, mooring, ballast, and buoyancy fac-
tors dependent on spar, TLP, or semi-sub

MOSES & SACS
SPAR

Figure 5: Types of wind turbine foundations, and Bentley
software to address each type of foundation.

Foundation Design for Offshore Wind Turbines

The design of offshore wind structures found its origin in fol-
lowing the design of offshore oil and gas structures. The aim
of the foundation is to transfer the loads of the substructure
and superstructure safely to the ground. The loads on the
foundation depend on the foundation system.

While the experience gained from offshore oil and gas oper-
ations can be applied, it is important to highlight the signifi-
cant differences between these two types of structures.
These differences deserve special attention. It is now widely
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acknowledged that offshore wind turbine structures are
unique in their features. The most important difference with
respect to oil and gas installations is found in large-scale off-
shore wind turbine structures where a heavy rotating mass
is placed at the top of the slender tower. Offshore wind tur-
bine structures are dynamically sensitive, because the natu-
ral frequencies of these slender structures are very close to
the excitation frequencies imposed by the environmental and
mechanical loads.

For typical 3.6MW turbines, the first natural frequency (eigen
frequency) of the whole system is close to 0.3 Hz and for the
corresponding 8MW turbine is 0.22 Hz. The frequency of the
rotor of the wind turbine is in the range of 0.2 Hz. Typical
wind turbine blades weigh 30t, and as a result, 90t is rotating
at the top of the tower. On the other hand, the natural fre-
quencies of offshore oil and gas platforms are more than 0.6
Hz and the most important cyclic/dynamic loading is the
wave having frequencies 0.1 Hz (typical North Sea value).
The forcing frequencies are not very close to the natural fre-
quencies, making oil and gas platforms less sensitive to dy-
namics. (Bhattacharya, 2019, Design of Foundations for Off-
shore Wind Turbines.)
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Figure 6: Typical components of an offshore wind structure
with monopile foundation.

Figure 6 shows a typical monopile-supported wind turbine
and a pile-supported fixed offshore jacket structure. It is very
clear that the ratio of horizontal load to vertical load is very
high in offshore wind turbines when compared with fixed-
jacket structures. As a result, the monopile is a moment-re-
sisting foundation.

Let’s compare the single large-diameter monopile and multi-
ple piles supporting a jacket in the load transfer mechanism.
In the case of monopile-supported wind turbine structures,
the load transfer is mainly through overturning moments,
where the monopile/foundation transfers loads to the sur-
rounding soil, and therefore there is lateral foundation—soil
interaction. On the other hand, for a multiple support struc-
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ture, the load transfer is mainly through push-pull action —
i.e., axial load, as illustrated in Figure 7.

Figure 7: Load transfer mechanism for monopile and jacket
on piles.

Next let’s look at a particular type of floating system known
as spar-supported floating offshore wind turbines with cate-
nary mooring and suction caisson anchors. This is effectively
the example of the Hywind concept, the first floating offshore
wind farm. For foundation design, it is necessary to estimate
an upper bound for the ultimate load on the anchor.

This can be obtained by taking the configuration where the
mooring line is completely stretched and there is no part of
it lying on the seabed. This is very similar to the configuration
of a single taut mooring line. In this case, the load is trans-
ferred directly to the anchor without the effect of soil friction
on a horizontal section of the mooring line.

Furthermore, in this configuration, the angle of the mooring
line at the seabed is also maximal, which impacts the inverse
catenary shape at the anchor. This scenario is unlikely to
happen to a floating oil and gas platform on mooring.

Wind load
! /Stretched catenary

Wave / (taut ine) configuration

load

Figure 8: Load transfer for floating wind turbine systems
(Bhattacharya).

Offshore wind foundation design also has to deal with the
most complicated set of loadings on an offshore structure.
DNVGL-ST-0437 (Loads and Site Condition for Wind Tur-
bines) requires the structure to be designed for ultimate and
fatigue strength of structural members and time history anal-
ysis shall be used for dynamic problems of a non-linear na-
ture.

Following are the loadings to be considered for offshore wind
turbine design:

e Operational loads as the result from the operation and
control of the wind turbine

e Inertia and gravitational loads (static and dynamic loads)
acting on the wind turbine, resulting from vibration, rota-
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tion, gravity, and seismic activity

e Aerodynamic loads caused by the airflow and its interac-
tion with the stationary and moving parts of wind turbines

e Hydrodynamic loads caused by the water flow and its in-
teraction with the foundation structures (including wave
loads, breaking wave loads, and sea current loads)

e Hydrostatic loads which may be applicable for hull-type
structures, such as semi-sub

Sea ice loads
Seismic loads
Boat impact loads

The load time series for the offshore wind turbine combining
all the above external conditions are required. This means
thousands of load cases are to be checked.

A typical Fatigue Limit State (FLS) design would involve
5,000 to 10,000 dynamic force time history analysis simula-
tions, while typical Ultimate Limit State (ULS) design involves
10,000 to 15,000 dynamic force time analysis simulations.
Each time history simulation can be 600 seconds long after
the initialization of transient with analysis increment of 0.05
to 0.01 seconds. So typically there are 12,000 to 60,000 load
cases to be solved for each simulation. This leads to a huge
challenge of data generation of input files and directory struc-
ture for thousands of dynamic time history load cases. This
process is both time-consuming and error-prone.

Bentley’s OpenWindPower software offers a complete engi-
neering tool for designing both fixed foundations and floating
platforms for offshore wind turbines. Read more about Open-
WindPower, the industry-leading engineering tool for off-
shore structure analysis.

(Minh Pham_/ Virtuosity Blog, Apr 12, 2022, https://blog.vir-
tuosity.com/all-about-offshore-wind-turbine-foundations)

ZeAida 8


https://virtuosity.bentley.com/product/openwindpower/?_ga=2.222853080.2136284024.1647276804-81486039.1527175889
https://blog.virtuosity.com/offshore-winds-advanced-engineering-solution?hsLang=en
https://blog.virtuosity.com/offshore-winds-advanced-engineering-solution?hsLang=en
https://blog.virtuosity.com/offshore-winds-advanced-engineering-solution?hsLang=en
https://blog.vir-tuosity.com/all-about-offshore-wind-turbine-foundations
https://blog.vir-tuosity.com/all-about-offshore-wind-turbine-foundations

Huge volcanic landslide identified on Santorini,
Greece

Traces of the largest known volcanic landslide in the entire
Mediterranean, with a volume of up to 125 cubic kilometers,
have been discovered in the sea around the island of Santo-
rini by Greek and foreign scientists.

The researchers’ new study, which was published in the in-
ternational geosciences Basin Research journal, says that
based on the abundant evidence left behind, experts can es-
timate that the landslide occurred some 700,000 years ago.

Santorini is where one of the world’s largest known eruptions
of the last 12,000 years took place; it was during the Minoan
era about 3,600 years ago.

Throughout its history, the island has experienced large ex-
plosions, caldera collapses and extensive lava formations.

However, significant landslides, in which large amounts of
sediment and rocks slide into the sea and can cause tsuna-
mis, had been almost unknown - until now.

(ekathimerini, 17.04.2022,
https://www.ekathimerini.com/culture/1182403/huge-
volcanic-landslide-identified-on-santorini/

The Hidden Giant: How a rift pulse triggered a
cascade of sector collapses and voluminous
secondary mass-transport events in the early
evolution of Santorini

Jonas Preine, Jens Karstens, Christian Hiibscher,
Gareth J. Crutchley, Timothy H. Druitt, Florian
Schmid, Paraskevi Nomikou

Abstract

Volcanic island sector collapses have the potential to trigger
devastating tsunamis and volcanic eruptions that threaten
coastal communities and infrastructure. Considered one of
the most hazardous volcano-tectonic regions in the world,
the Christiana-Santorini-Kolumbo Volcanic Field (CSKVF) lies
in the South Aegean Sea in an active rift zone. Previous stud-
ies identified an enigmatic voluminous mass-transport de-
posit west and east of Santorini emplaced during the early
evolution of the edifice. However, the distribution and volume
as well as the nature and emplacement dynamics of this de-
posit remained unknown up to now. In this study, we use an
extensive dataset of high-resolution seismic profiles to un-
ravel the distribution and internal architecture of this deposit.
We show that it is located in all basins surrounding Santorini
and has a bulk volume of up to 125 km3, thus representing
the largest known volcanic island mass-transport deposit in
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the entire Mediterranean Sea. We propose that the deposit is
the result of a complex geohazard cascade that was initiated
by an intensive rift pulse. This rifting event triggered a series
of smaller precursory mass-transport events before large-
scale sector collapses occurred on the northeastern flank of
the extinct Christiana Volcano and on the southeastern flank
of the nascent Santorini. This was followed by the emplace-
ment of large-scale secondary sediment failures on the slopes
of Santorini, which transitioned into debris and turbidity flows
that traveled far into the neighboring rift basins. Following
this cascade, a distinct change in the volcanic behaviour of
the CSKVF occurred, suggesting a close relationship between
crustal extension, mass transport and volcanism. Cascading
geohazards seem to be more common in the evolution of ma-
rine volcanic systems than previously appreciated. Wider
awareness and a better understanding of cascading effects
are crucial for more holistic hazard assessments.

Highlights

e We discover the deposits of a complex mass-wasting cas-
cade around Santorini, located in the Aegean Sea.

e The cascade involved volcanic sector collapses and volu-
minous secondary sediment failures.

e We show that an intensive regional rift pulse is the most
likely trigger for the mass-wasting cascade.

e The emplacement of the cascade marks a distinct shift in
the behavior of the volcanic field.

e Our study highlights sensitive feedbacks between tecton-
ics, mass-wasting and volcanism.

1 INTRODUCTION

Submarine landslides offshore volcanic islands are among the
largest-volume mass movements on Earth's surface (Masson
et al., 2002; Moore et al., 1994). Individual landslide deposits
can contain hundreds to thousands of cubic kilometres of ma-
terial extending over distances of hundreds of kilometres
(Moore et al., 1989). These collapse events are capable of
generating devastating tsunamis on oceanic scales (Lgvholt
et al., 2008) and the associated unloading of the volcanic
systems may trigger explosive volcanic eruptions (Hunt et
al., 2018; Siebert, 1984). In recent years, marine geophysi-
cal surveys have revealed that sector collapses around vol-
canic islands are a common and important process during the
evolution of volcanic edifices, and might occur in complex
disaster cascades involving volcanic eruptions, tsunamis and
earthquakes (Hunt et al., 2018; Ida & Voight, 1995; Karstens
et al., 2019; McGuire, 1996; Patrick et al., 2020; Voight,
2000; Watt et al., 2021). Understanding the origin, precon-
ditions and triggers of volcanic sector collapses, as well as
their emplacement dynamics in the marine realm, is crucial
for determining the magnitude of associated tsunamis and
their potential influence on local volcanic systems.

Given the complexity of submarine volcanic landslides, many
questions remain open regarding potential trigger mecha-
nisms, emplacement dynamics and the role of secondary fail-
ure processes. Recent studies have shown that landslide vol-
umes are often much greater than the volume of the associ-
ated sector collapse scars, which implies significant incorpo-
ration of seafloor sediment into the mobilised volume (Kar-
stens et al., 2019; Kihn et al., 2021; Watt et al., 2012,
2021). Watt et al. (2012) noted that many submarine land-
slide deposits from volcanic islands are characterised by a
blocky-surfaced proximal part, which mainly comprises col-
lapsed volcanic material, and a smoother-surfaced apron,
which mainly comprises seafloor sediment. The entrainment
of secondary sediment into volcanic landslides can be very
widespread on low (<1°) gradients and may dominate the
total landslide volume (Crutchley et al., 2013; Watt et al.,
2012). At Ritter Island, for example, only 20% of the total
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volume that was deformed or mobilised as part of the col-
lapse was derived from the rapid, tsunami-generating vol-
canic collapse (Karstens et al., 2019; Watt et al., 2019). Fur-
ther, results from IODP Expedition 340 showed that the distal
and medial parts of landslide deposits offshore Montserrat
and Martinique lacked coarse and chaotic subaerial volcanic
debris avalanche material, but comprised turbidites and hem-
ipelagic deposits derived from secondary sediment failures
(Brunet et al., 2016; Le Friant et al., 2015, 2019).

To explain the occurrence of such voluminous secondary sed-
iment failures at volcanic islands, it has been proposed that
the rapid emplacement of failed volcanic edifice material ini-
tiates the propagation of a décollement, which causes wide-
spread failure of pre-existing low-gradient seafloor sediment
(Watt et al., 2012). According to this model, the load imposed
by the initial failure may generate excess pore fluid pressure
and trigger additional sediment failures in slope and basin
areas that would not otherwise be prone to failure (Le Friant
et al., 2015, 2019; Viesca & Rice, 2012). These results have
important implications for the magnitude of tsunami genera-
tion by volcanic island landslides since secondary seafloor
sediment failures are likely to be much less tsunamigenic
than the proximal, block-rich, mass flows (Le Friant et al.,
2019; Watt et al., 2012). Therefore, the complexities within
submarine volcanic landslides must be carefully considered
for an accurate assessment of associated hazards (Watt et
al., 2021).
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(a) Regional setting of the Southern Aegean Sea, showing
the Hellenic Volcanic Arc and the study area (blue box). (b)
Morphological map of the CSKVF showing islands, basins,
volcanic centres and major extensional structures (red
lines) after Nomikou, Hiibscher, et al. (2016), Nomikou et
al. (2018), Nomikou Hubscher et al. (2019). Coordinate
system is UTM Zone 35N, WGS84. Grey lines show all seis-
mic profiles, white lines indicate the locations of seismic
profiles shown in this study. Dashed white rectangle indi-
cates the location of the 3D view of Christiana shown in Fig-
ure 3(g). Bathymetry from Nomikou et al. (2012, 2013,
2018, 2019) and Hooft et al. (2017). Topography from the
Hellenic Military Geographic Service (HMGS)

Although volcanic sector collapses are fairly common in the
evolution of volcanic edifices, systematic surveys of their
remnants are only available for a small number of volcanic
island groups and arcs (Watt et al., 2021). Examples from
the Hellenic Volcanic Arc in the densely populated Aegean
Sea are sparse despite the known occurrence of large-scale
volcanic centres and enhanced seismicity, which make this
arc one of the major risk factors for the eastern Mediterra-
nean (Sgrensen et al., 2012). Preine et al. (2022) reported a
large mass-transport deposit within the Christiana-Santorini-
Kolumbo volcanic field (CSKVF) in the central Aegean Sea.
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Chrono-stratigraphic relationships indicate that the deposit
was emplaced during the early evolution of Santorini, ap-
proximately 0.7 Myrs ago (Preine et al., 2022). However, the
distribution, volume, trigger mechanisms and emplacement
dynamics of the deposit have not been investigated so far.

Since 2006, we have compiled a comprehensive dataset of
more than 3,200 km of high-resolution multi- and single-
channel seismic reflection data (Hibscher et al., 2006; Kar-
stens et al., 2020; Sigurdsson et al., 2006) covering the en-
tire basin system adjacent to Santorini (Figure 1b). Using this
extensive dataset, the first objective of this study is to map
the distribution of the large mass-transport deposit (MTD)
and estimate its volume. Our second objective is to investi-
gate the nature of this deposit and identify kinematic indica-
tors to determine potential sources. The third objective of this
study is to reconstruct its emplacement dynamics, analyse
cascading effects, assess its impact on the shallow volcanic
plumbing system of the CSKVF and discuss implications for
geohazard assessment.

2 GEOLOGICAL FRAMEWORK

The marine CSKVF is one of the most hazardous volcano-
tectonic fields in the world (Druitt et al., 1999). It is located
on the Hellenic Volcanic Arc, which stretches from Greece in
the west towards Turkey in the east and was formed as a
consequence of the subduction of the Nubian underneath the
Eurasian Plate (Figure 1a) (Le Pichon & Angelier, 1981). Hav-
ing produced over 100 explosive eruptions including at least
four caldera collapses during the last 360,000 years, the
CSKVF poses a major threat (eruptions, tsunamis, earth-
quakes) to the eastern Mediterranean region (Druitt et al.,
1999; Kutterolf et al., 2021a, 2021b; Nomikou, Druitt, et al.,
2016; Satow et al., 2021). The iconic Minoan Eruption
~3,600 years before present may have contributed to the fall
of the great Minoan civilisation, leaving its imprint on Greek
mythology, archeology and volcanology (Druitt et al., 2019).

Situated on highly stretched continental crust in an SW-NE
oriented rift zone, the CSKVF comprises the extinct Christiana
Volcano, the Santorini Caldera, the polygenetic submarine
Kolumbo Volcano, as well as the Kolumbo Volcanic Chain
(Figure 1b) (Hooft et al., 2017, 2019; Hibscher et al., 2015;
Nomikou et al., 2012, 2013; Preine et al., 2022). The CSKVF
is located on the junction of the broad Christiana Basin to the
West and the complex Santorini-Amorgos Tectonic Zone
(SATZ) to the East (Figure 1b) (Nomikou et al., 2018, 2019).
The Christiana Basin has been named after the Christiana Is-
lands, a group of three highly eroded volcanic islets belonging
to the same submarine edifice southwest of Santorini (Fig-
ures 1b and 3g), which is assumed to have been dormant
since the Early Pleistocene (Preine et al., 2022). There are
three larger volcanic domes (200-300 m volcanic relief) east
of Christiana, which are partially cut by SW-NE trending faults
(Nomikou et al., 2013). As a zone of SW-NE trending rifts,
the SATZ extends from the eastern flank of Santorini towards
Amorgos and separates the Cycladic Plateau to the northwest
from the minor Anafi-Astypalaea Plateau to the southeast
(Nomikou et al., 2018, 2019). These complex tectonic horst
and graben segments evolved during four major tectonic
pulses and are bordered by SW-NE trending active exten-
sional to transtensional faults (Hooft et al., 2017; Hibscher
etal., 2015; Nomikou et al., 2016, 2018; Preine et al., 2020).

Besides the occurrence of pyroclastic-flow deposits from the
recent (<0.36 Ma) eruptions of Santorini forming the Thera
Pyroclastic Formation (Hubscher et al., 2015; Preine et al.,
2022; Sigurdsson et al., 2006), the literature of major MTDs
from the basins surrounding the centres of the CSKVF is sur-
prisingly sparse given the long history of volcanic build-up,
caldera-collapse and enhanced tectonic exposure (Bohnhoff
et al., 2006; Nomikou et al., 2018; Preine et al., 2020). Bell
et al. (2013) reported a surficial landslide deposit on the
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southeastern flank of Santorini, which contained large remo-
bilised blocks composed of pyroclastic-flow deposits from the
Minoan eruption. These authors proposed that this deposit is
the result of a landslide that was triggered by a large seismic
event after the Minoan eruption (Bell et al., 2013). Tsam-
pouraki-Kraounaki and Sakellariou (2018) reported several
chaotic seismic units in the Christiana Basin, including a par-
ticularly thick (>100 ms two-way traveltime (TWT)), trans-
parent unit, which thickens towards Santorini and was inter-
preted to be of pyroclastic origin that might have been re-
lated to an eruption in the early phase of the evolution of
Santorini. In a recent study, however, it was shown that this
deposit also occurs in the Anhydros Basin on the eastern side
of Santorini and that the internal architecture is also con-sis-
tent with that of a large MTD (Preine et al., 2022). This de-
posit was emplaced after volcanism aligned southwest and
northeast of Santorini, but before the emergence of en-
hanced, rift-wide volcanism (~0.7-0.36 Ma) and the onset of
the explosive Thera Pyroclastic Formation (<0.36 Ma; Preine
et al., 2022).

6 CONCLUSIONS

The analysis of an extensive 2D seismic dataset from the
Christiana-Santorini-Kolumbo Volcanic Field has allowed us
to identify and map the largest volcanic island mass-
transport deposit from the Mediterranean Sea, which oc-
curred in the early phase of the evolution of Santorini
~0.7 Myrs ago. Our results show that emplacement of the
Santorini Mass-Transport Deposit (SMTD) likely proceeded as
a complex multi-stage cascade, which occurred in all basins
surrounding Santorini. We identify five processes that might
have contributed to the SMTD cascade: rifting, precursory
mass-transport events, catastrophic collapses, secondary
sediment failures and debris flow deposition. Our interpreta-
tion is that the emplacement of the SMTD was initiated by an
intensive rift pulse, which occurred along SW-NE-directed
faults extending from the Christiana Volcano in the southwest
towards the island of Amorgos in the northeast (Figure 11a).
Smaller precursory mass-transport events took place before
catastrophic frontally confined sector collapses occurred at
the northeast flank of the Christiana Volcano and on the
southeastern flank of proto-Santorini (Figure 11b). As a con-
sequence, significant secondary sediment failures on the
slopes of proto-Santorini were triggered. These secondary
sediment failures are frontally emergent and transitioned into
debris flows and turbidity flows that transported large
amounts of sediment towards the rift basins northeast of
Santorini (Figure 11c). Constituting by far the largest portion
of the entire SMTD sequence (>90%), these secondary fail-
ures are additional evidence for the importance of secondary
processes in the emplacement of mass movements around
volcanic islands, and they highlight the key role of reflection
seismic surveys in providing detailed insights into such dy-
namics. The emplacement of the SMTD correlates with a
transition from a phase of relative volcanic dormancy to a
phase of basin-wide emergence of volcanoes, highlighting
how closely volcanism, tectonism and mass-transport can in-
teract in rift-hosted volcanic systems.
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Introducing rainfall thresholds for landslide
triggering based on artificial neural networks

Pierpaolo Distefano, David J. Peres, Pietro Scandura,
and Antonino Cancelliere

Abstract

In this communication we show how the use of artificial neu-
ral networks (ANNs) can improve the performance of the
rainfall thresholds for landslide early warning. Results for Sic-
ily (Italy) show how performance of a traditional rainfall
event duration and depth power law threshold, yielding a true
skill statistic (TSS) of 0.50, can be improved by ANNs
(TSS =0.59). Then we show how ANNs allow other variables
to be easily added, like peak rainfall intensity, with a further
performance improvement (TSS = 0.66). This may stimulate
more research on the use of this powerful tool for deriving
landslide early warning thresholds.

1 Introduction

Landslides triggered by rainfall can cause damage to infra-
structure and buildings and, in the worst scenario, even lead
to human losses (Froude and Petley, 2018). Commonly, rain-
fall thresholds indicating the conditions under which land-
slides can potentially occur are a key component of warning
systems aimed at protecting the population from a possible
landslide event. In most cases, thresholds are determined
using empirical methods that link characteristics of precipita-
tion, such as duration D and mean intensity I or rainfall
depth, to landslide occurrence (Caine, 1980). Rainfall thresh-
olds are usually determined by assuming a predetermined
parametric equation, which in most cases is a power law
(Guzzetti et al., 2008). In general, for a given set of predic-
tors, the choice of a predetermined threshold equation form
(e.g. power law) can potentially limit its performance be-
cause the informative content of the considered predictor
variables may not be exploited to the fullest. This holds true
all the more so when searching for alterative or additional
variables with the aim of improving the performances of the
thresholds, such as antecedent rainfall conditions (Glade et
al., 2000), water storage, and soil moisture data (Bogaard
and Greco, 2018; Marino et al., 2020). For the case of E-D
or I-D thresholds the use of a power law is customary, and
its rationale has also been verified based on a combined sto-
chastic and physics-based approach (Peres and Cancelliere,
2014). In contrast, in the case of either a different pair of
variables or the analysis of more than two variables, there is
no analogous prominent parametric form of the threshold
equation. For instance, as reported by Conrad et al. (2021),
alternative formulas have been considered for hydrometeor-
ological thresholds - i.e. based on rainfall and soil moisture
or catchment storage - including linear and bilinear func-
tions, interpolated line segments without a mathematical
function, cut-off values for integration of antecedent condi-
tions with traditional rainfall thresholds, and more complex
logical operators. The use of predetermined parametric forms
can finally jeopardise the scientific soundness of comparisons
between thresholds using different sets of predictors (e.g.
rainfall thresholds vs. thresholds using soil moisture). Artifi-
cial neural networks (ANNs), belonging to artificial intelli-
gence or machine learning techniques, allow the mentioned
limitation to potentially be removed as they are universal ap-
proximators, i.e. capable of reproducing any continuous
function (Haykin, 1999).

Up to now, a nhumber of studies have used the potentiality of
ANNs and of other machine learning techniques in landslide
analysis. Many studies focused on susceptibility mapping and
individual slope instability have exploited the potentialities of
ANNs (Reichenbach et al., 2018). In other studies, the focus
is on the prediction of individual deep-seated landslide dis-
placements by machine learning algorithms using detailed in
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situ data (e.g. van Natijne et al., 2020). Based on this briefly
outlined state of the art, it appears that ANN skills are mainly
used to create susceptibility maps and/or in local early warn-
ing systems, while application for territorial landslide early
warning (Piciullo et al., 2018) has not been investigated so
far. In this communication, we present our preliminary inves-
tigations showing how ANNs can allow landslide early warn-
ing thresholds to be derived with higher performances than
traditional rainfall intensity—duration power law thresholds.
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Figure 1Elevation map showing location of landslides and
rain gauges in Sicily considered in this study. The rainfall
data set was built by joining data sets managed by different
authorities and landslides from the Franeltalia inventory
(Calvello and Pecoraro, 2018).

4 Concluding remarks

The identification of rainfall thresholds indicating landslide-
triggering conditions is a key step for implementing territorial
landslide early warning systems. Commonly, thresholds are
searched in a limited space, i.e. constrained to a predeter-
mined parametric form, which is generally a power law link-
ing rainfall event, duration D, and mean intensity I (or total
depth). In this communication we have shown that choosing
a predetermined form for the law of the threshold can poten-
tially limit the performance of the empirical model and how
artificial neural networks are a valuable tool to overcome this
limitation. The analysis, referring to the case study of Sicily,
has shown that an E-D power law threshold has a maximum
true skill statistic of TSS = TSSo = 0.50. On the other hand,
the classifier based on neural networks, using the same pair
of input variables, yielded a significantly greater TSS = 0.60.
It has also been shown how neural networks allow the poten-
tial information content of other variables to be easily ex-
plored and hence provide a way to improve predictive perfor-
mance. For instance, it has been shown that the inclusion of
peak rainfall intensity as an additional variable can lead to an
improvement of performance. It is important that when train-
ing neural networks, generalisation capabilities are ensured,
for instance by the early-stopping technique. Overfitting is
not an issue for the traditional approach based on the power
law - or any other parametric equation - as in general the
number of free parameters is very low (two for a power law).
This may be a drawback for neural networks even though it
forces one to consider both triggering and non-triggering
events, which is fundamental for obtaining thresholds with
acceptable statistical characteristics (Peres and Cancelliere,
2021). Another possible disadvantage of neural networks
with respect to predetermined-form thresholds is also repre-
sented by the fact that it may be difficult to express the neu-
ral network classifier as a simple equation. This could limit
the practical implementation of triggering thresholds based
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on neural networks, which could be perceived as impractical
by practitioners. However, this limit can for instance be over-
come by providing a user-friendly software to the end user.

Distefano, P., Peres, D. J., Scandura, P., and Cancelliere, A.:
Brief communication: Introducing rainfall thresholds for land-
slide triggering based on artificial neural networks, Nat. Haz-
ards Earth Syst. Sci., 22, 1151-1157,
https://doi.org/10.5194/nhess-22-1151-2022

(Natural Hazards and Earth System Sciences / Brief commu-
nication, https://nhess.copernicus.org/arti-

cles/22/1151/2022/)
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Prediction of Concrete Dam Deformation
through the Combination of Machine Learning
Models

Patricia Alocén, Miguel I’\.’ Fernandez-Centeno and Mi-
guel A. Toledo

Abstract

Dam safety monitoring is of vital importance, due to the high
number of fatalities and large economic damage that a failure
might imply. This, along with the evolution of artificial intel-
ligence, has led to machine learning techniques being in-
creasingly applied in this field. Many researchers have suc-
cessfully trained models to predict dam behavior, but errors
vary depending on the method used, meaning that the opti-
mal model is not always the same over time. The main goal
of this paper is to improve model precision by combining dif-
ferent models. Our research focuses on the comparison of
two successful integration strategies in other areas: Stacking
and Blending. The methodology was applied to the prediction
of radial movements of an arch-gravity dam and was divided
into two parts. First, we compared the usual method of esti-
mating model errors and their hyperparameters, i.e., Ran-
dom Cross Validation and Blocked Cross Validation. This as-
pect is relevant not only for the importance of robust esti-
mates, but also because it is the source of the data sets used
to train meta-learners. The second and main research topic
of this paper was the comparison of combination strategies,
for which two different types of tests were performed. The
results obtained suggest that Blocked CV outperforms the
random approach in robustness and that Stacking provides
better predictions than Blending. The generalized linear
meta-learners trained by the Stacking strategy achieved
higher accuracy than the individual models in most cases.

Keywords: stacking; blending; combination; meta-learner;

experts; machine learning; Cross Validation; radial displace-
ment

1. Introduction and Background

Monitoring the safety status and behavior of dams plays a
crucial role in civil engineering, due to the high cost that dam
failure can entail. Monitoring techniques that comprise the
safety system of a dam and its follow-up have evolved over
time with technological advances, including artificial intelli-
gence.

In recent years, the development of predictive models with
machine learning techniques has been widely applied to dif-
ferent practical problems. Specifically, in the field of dam
safety, the area of machine learning is attracting growing at-
tention because of the complexity of the dam system, involv-
ing materials of great heterogeneity. Machine learning mod-
els achieve high accuracy in the prediction of their behavior,
and a comparison with the measured responses allows early
detection of anomalous behavior that may reveal an internal
failure of the infrastructure. It is therefore of vital importance
to achieve the highest possible accuracy with the trained
models. From this derives the main objective of this research,
which is to increase the accuracy of the usual models through
their combination.

Many researchers have already successfully applied these
techniques, including Support Vector Machine (SVM) [1],
Boosted Regression Trees (BRT) [2], Random Forest (RF) [3],
and different types of Neural Networks (NN) [4].

Fernando Salazar et al., for example, obtained promising re-
sults by applying these techniques to real cases in the field
of dam safety. However, he emphasizes the need for further
generalization and validation [4]. They successfully used BRT
in several of their research studies [2,5,6]. Furthermore, they
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demonstrated the effectiveness of the mentioned techniques
compared to the usual statistical models, concluding that BRT
was the best model over 14 target variables [7]. Support
Vector Regression can also be used as an accurate model to
predict displacement of dams [8], while J. Mata demonstrates
that Neural Networks have great potential for assessing dam
behavior [9]. Herrera et al. compared Machine Learning mod-
els of different nature and managed to accurately predict
hourly urban water demand [10]. Kang et al. also obtained
good results using the Machine Learning RBFN technique
[11].

These models, called experts or first-level models, do not
perform in the same way in all periods of the series. There-
fore, the possibility of finding different optimal experts de-
pending on patterns arise. By combining those experts, a
second-level machine learning model, or meta-learner, can
identify such patterns and maximize accuracy, which leads
us to the main topic of this paper: combination of models
through Stacking and Blending.

Stacked generalization was introduced by Wolpert in 1992,
where the first-level models are trained and later combined
during the training of the meta-learner. The inputs of the
meta-learner are the predictions of each of the experts gen-
erated during the Cross Validation (CV) process [12]. If all
the available predictions are used to train the meta-learner,
we speak of Stacking, while if only 10 or 20% of the data is
used, we speak of Blending [13]. The training set used in
Blending is called the Hold-out set.

Before detailing the main topic of this paper, we consider it
necessary to emphasize the importance of the Cross Valida-
tion process and robust estimation, since the inputs of the
second-level model of Stacking and Blending are derived
from this process.

The usual division of the data set between training and vali-
dation allows for the evaluation of the models in the latter
subset, which has a reduced percentage of inputs. For a more
reliable and accurate estimation, the concept of Cross Vali-
dation is introduced.

This evaluation method consists of dividing the training set
into folds (usually 10), where a model is iteratively trained
with all folds except one, which is used for testing. This is
repeated until all folds have been used for testing. Hence, all
the examples of the training set are used for training and
testing at least once. The estimated error is the average of
the errors committed across these test folds.

In all machine learning problems, CV plays a fundamental
role since it is used to estimate not only the error that the
model will make on future data, but also the optimal hyperpa-
rameters of the model. For the research discussed in this pa-
per, CV also plays an important role in the generation of the
training set of the second-level model, which is explained in
detail in Section 2. Therefore, we compare two types of CV
to select the best process: Random or Blocked CV.

Random CV is the most common Cross Validation process and
consists of dividing the training data set into folds whose rec-
ords are chosen randomly. However, it is not the most ap-
propriate option for practical problems where time depend-
ence between instances is found, as in the case of dams. If
Random CV is used in such problems, the error of the Ran-
dom CV will be too optimistic (over-estimated error), giving
very low errors during Cross Validation compared to the val-
idation set. As Roberts et al. note, “"The tendency for values
of nearby observations to be more similar than distant ob-
servations is widespread, if not pervasive” [14], which im-
plies an overly optimistic CV error.
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To solve this problem, researchers, such as Bergmeir and
Benitez, developed and used different types of CV. Among
these methods lies the method based on the last block, used
in some papers that will be mentioned below, and also the
following methods: Cross Validation with omission of depend-
ent data, where the dependent data are identified and ex-
cluded from the training set, and Cross Validation with
blocked subsets, which is the CV proposed in this paper,
where each fold corresponds to a year of the training set
[15]. Although CV based on the last block is also appropriate,
more weight should be given to the most recent estimated
errors, since following a forward sequence, the fewer data
there are, the higher the calculated error [2].

Roberts et al. demonstrate that Blocked CV generates a more
robust error estimate than Random CV [14]. On the other
hand, Bergmeir and Benitez do not find under- or over-esti-
mated error when applying Random CV, although they rec-
ommend using Blocked CV together with an adequate sta-
tionarity control [15]. Regarding the research carried out by
Herrera et al., the authors prefer a sequential CV as it is more
similar to the original problem, where predictions are always
made on data in ascending time order [10].

Few of the articles on the behavior of dams contain specific
research on the CV employed. Some researchers use only
one validation set to estimate the error [11] and emphasize
that, if the conditions affecting the dam change, the model
will perform poorly in future [4]. This hypothesis always con-
tains some truth, but it is more reliable to give estimates of
errors through Blocked CVs because it tests models consid-
ering more years. Some authors do not specify the type of
CV used [5,7,8,9], while others divide the data set into train-
ing, validation (last two years available) and test (last year
available) [3]. Fernando Salazar specified the processes used
in two articles, using sequential CVs to estimate errors as
averages of weights that decrease geometrically every year
[2,6].

Since the movement cycle of the dam is annual, we decided
to use Blocked CV, also called Annual CV, in this paper, where
each block corresponds to a year. The predictions made, dur-
ing the CV process of each year, are used to train the meta-
learner through Stacking and Blending.

The main interests in the comparison of Stacking and Blend-
ing strategies focus on computational cost reduction and er-
ror optimization. The development of engineering technology
to collect data has led to a very large data set for modeling
training, depending on the data collection period. Thus, the
computational cost of model training increases. Efficiently de-
creasing the dimensions of the data set, while being able to
maintain model accuracy, is fundamental. However, it is rea-
sonable to expect that a model with more examples would be
more accurate.

Regarding this matter, numerous articles have been pub-
lished in several fields showing the successful results gener-
ated from combining experts by linear regression [13], or a
multi-response model classifier [16]. These techniques have
been applied not only in the scientific domain, but also in
business. For instance, Netflix held a Kaggle (a subsidiary of
Google LLC, it is an online community of data scientists and
machine learning professionals) competition to develop an
algorithm to predict user ratings for films, which was won by
BellKor’s Pragmatic Chaos team thanks to the combination of
different experts.

The success of these strategies in other fields [13,17], to-
gether with their novelty, explains the interest in their appli-
cation to the field of dam safety.

Research related to model combination for dam safety en-
compasses several approaches. Multi-model ensemble strat-
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egies using machine learning algorithms have been used to
combine the inflow predictions of the Probability Distributed
Model, Integrated Flood Analysis System, and Génie Rural a
4 parametres Horaire models, and improve the accuracy of
the predictions [18]. Other authors also use predictions from
statistical and time series models as inputs to a second-level
model trained by the Extreme Machine Learning algorithm
[19], or induced ordered weighted averaging (IOWA) [20].

Other approaches that have been taken include the integra-
tion of models that attempt to predict parts of a series caused
by external factors with models that attempt to predict the
unknown [21,22].

On the other hand, Hong et al. were able to identify a pattern
of behavior of two models (Random Forest and Gradient
Boosting) to predict dam inflow, where one performed better
than the other above a certain cutoff point [23]. However,
for most dam problems, the detection of patterns among ex-
perts’ performance is not straightforward and a more general
solution is needed.

All these articles use statistical or time series models to train
a second-level predictive model using machine learning algo-
rithms, while we use the predictions of machine learning
models as input. Moreover, none of the mentioned articles
specifies whether the comparisons have been performed us-
ing Stacking or Blending. Our research is innovative because,
to our knowledge, it is the first to introduce a combination of
experts with these strategies to improve the precision of typ-
ical ML models used in the research of the existing literature.

Therefore, this study aims to improve the precision of first-
level models by their combination through Stacking and
Blending, and to broaden knowledge of both strategies in or-
der to determine the best one. The algorithm chosen to per-
form such combinations is Generalized Linear Regression
(GLM), due to its success in other fields. The selection of the
best experts to use as input is made by the Akaike infor-
mation criterion. We also analyze the differences between
Random and Blocked CV.

4. Conclusions

We presented a methodology that successfully combined ex-
perts to improve the accuracy and robustness of a machine
learning model of the movement of a concrete dam. This pa-
per provides new insights into the optimal strategy for per-
forming combinations in the field of dam behavior and secu-
rity. Furthermore, we highlighted the importance of the ap-
propriate choice of the type of Cross Validation process.

Blocked CV was preferable to Random CV to estimate the
model error on future data. It was observed that Random CV
generates an error estimator significantly different from that
obtained in the validation set, with an average difference
(Equation (5)) of —210.56%, presumably due to time de-
pendence, which makes it an unreliable strategy. On the con-
trary, the differences (Equation (5)) regarding Blocked CV
have a mean value of —8.23%, which is significantly lower
than Random CV. The RMSE values in the validation set for
both types of CV are similar. Regarding the training of ex-
perts through Blocked CV, we achieved models with good
prediction accuracy for all target variables, with a RMSE., of
the optimal experts lying within the range of 1.288 mm and
2.018 mm.

Stacking was considered a better strategy than Blending,
since clear dependence of the Blending model on the Hold-
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out set used in the training was observed, with a variance
value of up to 0.868 in the case of pendulum 1. Since a model
trained using the Blending strategy involves using 10% or
20% of the data, the model is subject to the peculiarities of
the year used in its training. The results in Table 4 empha-
sized that, by changing the Hold-out set in blending, the
RMSE committed in the validation set significantly varies, and
is higher, on average, than when adopting the Stacking strat-
egy.

Regarding the results obtained by training experts and meta-
learners on different sets and validated over different years,
it was noted that the Stacking meta-learner was more accu-
rate in most cases (60% on average). Consequently, Stack-
ing was considered a more robust strategy for training sec-
ond-level models, presumably due to superiority in the num-
ber of instances used for training.

Finally, comparing the series of predictions of the meta-
learner built by generalized linear regression and the optimal
expert, the second-level model improves the accuracy of the
best expert in all the pendulums, with improvement percent-
ages of up to 14.8%. Only one exception is found where ac-
curacy is almost identical. Future research should aim to train
the meta-learner through different algorithms using the
Stacking strategy to determine the best meta-learner algo-
rithm.

As a global conclusion, a methodology is proposed in which
experts of different natures are trained using Blocked CV
combined with a Stacking strategy.

Water 2022, 14(7), 1133:;
https://doi.org/10.3390/w14071133
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Time to rethink the scientific CV

Fresh formats showcase researchers’ work more ef-
fectively.

Chris Woolston

New CVs formats allow researchers to highlight contribu-
tions beyond their publication list.Credit: Getty

In December 2021, UK Research and Innovation (UKRI), the
largest public funder of UK science, announced that it was
abandoning the use of the conventional CV — curriculum vi-
tae — in funding applications. The funding body said it would
adopt a new type of CV to “enable people to better demon-
strate their contributions to research, teams, and wider soci-
ety”.

As institutions and funders around the world reassess their
approach to researcher evaluations, there’s a growing call to
revamp the academic CVs used to support applications for
jobs, funding, promotions and awards. Researchers need to
find fresh ways to document their accomplishments and
value beyond a mere listing of publications, and committees
overseeing promotions and grants need to change their pro-
tocols and expectations, says Needhi Bhalla, a cell biologist
at the University of California, Santa Cruz. “CVs should reflect
the authentic experience of being a scientist,” she says, in-
cluding mentorship, work on committees, outreach and many
other contributions that don't result in publications. “I'm ex-
cited that we're in the process of rethinking them.”

CVs have long been part of the currency of scientific promo-
tion. Scientists seeking a position or a grant often feel obliged
to list every publication, presentation and award in a single
document intended to sway committees through its sheer
length and volume. The typical CV follows a time-worn tem-
plate, says Robert Morrell, an education researcher and for-
mer director of the New Generation of Academics Programme
at the University of Cape Town in South Africa. ‘I was born,
I went to school here, I had these publications, these are the
students I graduated.” People who write CVs like that are
missing the boat.”

The UKRI is not alone in seeking to rethink the CV in response
to a renewed focus on team science and equity, diversity and
inclusion (EDI). It modelled its new CV format on ‘Résumé
for Researchers’, introduced in 2019 by the Royal Society in
London. Similar initiatives have been unveiled by research
councils in the Netherlands and Luxembourg.

In response, researchers are learning how to rework CVs to
emphasize quality over quantity, and to include narratives
about their broader impact. Meanwhile, hiring panels and
grant evaluators need to rethink how best to assess these
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documents.

The core problem with standard CVs is that they tend to re-
duce scientists to numbers, says Rebecca Pillai Riddell, a be-
havioural scientist and associate vice-president of research
at York University in Toronto, Canada. Evaluating researchers
on the basis of sheer number of publications or using related
measures, such as the impact factors of the journals in which
they publish, ignores many things that go into a scientific ca-
reer, Pillai Riddell says. Conventional CVs “are supposed to
be quick-and-dirty summaries”, she says. As someone who
has seen many over the years, she knows that those sum-
maries can contain valuable information, even if the empha-
sis is often misplaced. “"They focus on counting, not on what'’s
important.”

The ‘quantity above quality’ approach is especially short-
sighted and unfair in the wake of the COVID-19 pandemic,
Pillai Riddell says. Many researchers simply didn't have the
time or opportunity to conduct experiments or crank out pa-
pers at their normal pace during shutdowns. And as schools
closed their doors, many scientists who were also parents
had to shift their priorities from work to home, especially
women. “If we continue to emphasize quantity, caregivers
are not going to be eligible for grants or awards,” she adds.

Scientists and institutions alike need to reconsider the entire
purpose of a CV, says Wolfgang Kaltenbrunner, a sociologist
of science at Leiden University in the Netherlands. “To make
science work, you need to accomplish a lot of tasks that are
not easily represented in a CV,” he says, such as communi-
cating science to the general public and collaborating behind
the scenes on big projects. “Are we selecting for the right
things in grant funding or tenure? There’s widespread
discontent with it in science.”

Robert Morrell (in purple top) on a retreat with early-career
researchers in South Africa.Credit: Robert Morrell

Contributions that count

Kaltenbrunner co-authored a 2021 commentary in Humani-
ties & Social Science Communications that offered ten sug-
gestions for revamping academic CVs to make them a fairer
gauge of scientific talent!. They include a new focus on “ac-
tivities and outputs that are relevant”. That means moving
away from exhaustive lists of publications and presentations,
and cutting down on ‘noise’ that doesn't reflect qualifications
for a job or grant. Instead of including everything that has
ever carried their name, researchers should list a few mean-
ingful publications that hiring managers and evaluators could
realistically take the time to read and appreciate, Kaltenbrun-
ner and his colleagues say. “Focusing on only a few outputs
saves researcher and evaluator resources, discourages sa-
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lami slicing of results, improves comparison between early-
and late-career researchers and renders publication hiatuses
as a result of career breaks less apparent,” they write. Im-
portantly, such an approach would help to level the playing
field when early-career and senior scholars are directly com-
peting.

Pillai Riddell would welcome a résumé revolution that cuts
down on reading for those who assess applicants. “I'm think-
ing about reviewer burdens,” she says. “In my dream sce-
nario, you'd pick two papers and provide a 200-word sum-
mary of the importance of the paper. It allows for contextu-
alization.”

Kaltenbrunner notes that many academic jobs require a cov-
ering letter, which gives applicants another opportunity to tell
the story of their careers and highlight their most important
papers. “They can use the narrative to fill gaps that are left
by the publication record,” he says.

Publication lists aren’t as meaningful today as they might
have been for previous generations of scientists, Kaltenbrun-
ner says. “Science has become increasingly competitive in
the past 40 years, so the publication lists have become much
longer,” he says. “It's not necessarily true that people have
more ideas, but publication conventions have changed. Com-
petition actually reduced the informational value of CVs.”

Appraising someone according to their number of publica-
tions and how many times these have been cited also greatly
favours researchers in particular fields, Pillai Riddell says. “If
you're studying bird mating calls instead of cancer, you aren’t
going to have the same number of hits,” she says. She adds
that medical researchers can show up on 20-30 papers a
year, an impossible standard for someone in a field such as
behavioural science. Such comparisons can become im-
portant in the context of international awards that attract ap-
plicants from across the scientific spectrum. Grant-awarding
bodies should embrace diversity of scientific fields as well as
other forms of diversity, she says.

CVs could be more effective if they allowed room for narra-
tives — brief statements that tell a story about a scientist,
their accomplishments or their impact. “A narrative section
would give them room to explain their achievements and con-
tributions to science that do not fit traditional CV categories,”
Kaltenbrunner says. With a narrative section, “they could tell
stories of successful engagement with a stakeholder, contri-
butions in terms of community service, or excellence in
teaching or supervision”. (See ‘CV snapshots’ for examples.)

CV snapshots

These excerpts are from the narrative CVs of successful ap-
plicants to the Luxembourg National Research Fund in 2021.

* “Alongside scientific goals, I also follow leadership ones. A
four-day professional leadership course and three months of
personal coaching in 2020 taught me to reflect on myself,
develop my scientific vision and learn about key attributes of
successful teams. I also sent my postdocs on similar courses.
As a result, my team is extremely productive, with two man-
uscripts at the submission stage only 2.5 years after the
launch of my own group.”

e "I give regular talks at foundations, charity clubs and stu-
dent associations, telling young people about scientific re-
search and new therapeutic avenues in cancer. I also regu-
larly write for national newspapers, again to transfer my pas-
sion for research to younger people.”

e "I invest in the development of individuals and build up a
strong team spirit by regularly taking leadership and conflict-
management courses. During the COVID-19 pandemic, I put
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into practice various ideas on remote leadership and team
communication.”

e "I made a 52-minute documentary about contemporary
psychiatry in my country, together with a visual anthropolo-
gist and a local production company. We worked as care as-
sistants on a ward for three months before introducing a
camera. The film proved to be a stimulating exercise in public
engagement.”

The term ‘narrative CV' is gaining traction, but Kaltenbrunner
says he’s not actually a fan of that label. “It's binary,” he
says. "It suggests that a CV is either narrative or not narra-
tive.” He prefers ‘contextual CV’: “It's more about supple-
menting traditional CVs with other elements.” He notes that
the use of alternative CV formats by research councils in the
Netherlands and Luxembourg has dismayed some, more sen-
ior, researchers. "Some see these experimental CV formats
as an undue intervention by funders,” Kaltenbrunner says.
“They have made a career based on existing criteria.”

The Luxembourg National Research Fund says the narrative
CV _model, introduced last year, will “allow an applicant to be
more fairly evaluated on their scientific vision, appropriate
experience, and contributions to science and society”. Simi-
larly, the Royal Society’s Résumé for Researchers is a narra-
tive-based document that is focused on four key questions:
how have you contributed to the generation of knowledge?
How have you contributed to the development of individuals?
How have you contributed to the wider research community?
And how have you contributed to broader society?

Documenting diverse work

A new era of CVs could help to promote diversity in science,
Bhalla says. “Traditional metrics of what you’ve published,
where you’ve published and who you‘ve published with, are
definite barriers to diversity, equity and inclusion,” she says.
Scientists who might not have wowed evaluators in the past
with their publications and impact factors would have a
chance to explain their mentorship, outreach and committee
duties — areas where women and people from minority eth-
nic groups and other under-represented demographics often
excel (see ‘Building a standout CV').

Building a standout CV

When he was director of the New Generation of Academics
Programme, a South African initiative to recruit a diverse co-
hort of promising scholars to academia, Robert Morrell
worked to give young researchers an edge. In many cases,
that meant helping them to build a CV that truly captured
their skills and potential, says Morrell, who retired from the
position in 2021. "My job was to help people get promoted.”

He encourages researchers to “harvest evidence” of their
work and its impact. It’s especially important to keep track
of things that can’t be measured easily, including positive
feedback from students or collaborators.

“I urge people to keep [complimentary] e-mails and file them
in a separate folder,” he says, such as messages of praise for
participating in a big team project. “Those types of examples
are really helpful, and people don't think of [including] them.
They think it’s immodest.”

Likewise, Rebecca Pillai Riddell, associate vice-president of
research at York University in Toronto, Canada, always keeps
meticulous track of time and effort spent on mentoring,
teaching and serving on committees. “Nobody is going to
track it for me,” she says. “To survive in academia, to get
leadership roles, you have to advocate for yourself.”

Pillai Riddell says it's easier to build a case for yourself if you
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organize your work systematically. “You need to create struc-
tures,” she says. For example, as an advocate for under-rep-
resented students, she has set aside 2 hours of office time
every week specifically for them. She doesn’t keep track of
everything that’s discussed, but she can report how many
students have dropped in. “It's about getting credit for what
you're already doing.”

Equity statements have become an increasingly common re-
quirement for CVs, and universities that require such state-
ments have experienced greater diversity in subsequent re-
cruitment?. Riddell recommends including such a statement
even if it's not required. “You can say, ‘My commitment to
equity requires that I tell you about this.”

In a 2019 article in Molecular Biology of the Cell, Bhalla laid
out a series of strategies to improve equity in faculty hiring2.
Among other things, she suggested augmenting conventional
CVs with short statements that summarize an applicant’s re-
search contributions during their graduate studies and as
postdocs.

Bhalla says that there’s been some pushback in the science
community against any sort of narrative sections on CVs.
Some say that asking scientists to explain the impact or im-
portance of their work provides an unfair advantage for peo-
ple with strong communication skills while hindering people
who might not be as persuasive, including scientists who
speak English as a second or third language. But Bhalla says
being able to explain one’s research is a fundamental part of
being a scientist. “Those are skill sets that you're going to
need anyway if you're writing a grant,” she says. “So that’s
one of the skills that we should be assessing.”

Such messages, no matter how well crafted, will only work if
evaluators are ready to accept them, Riddell says. She’s en-
couraged by the growing number of institutions that have
signed the San Francisco Declaration on Research Assess-
ment, a framework that, among other things, discourages the
use of impact factors in hiring and funding decisions.

In March, Pillai Riddell and her team at York University
launched POLARIS, an online training course to help mem-
bers of the university’s hiring and funding committees to up-
date how they evaluate researchers. One of the course’s main
goals is to encourage participants to look beyond CVs to con-
sider EDI issues in their decisions. It includes modules in
which participants rank hypothetical candidates and discuss
their choices with the EDI programme manager. The training
also includes videos of experienced evaluators discussing
best practice. Pillai Riddell says that some of the videos cap-
tured real-life arguments, signifying the tension and passion
that goes into researcher evaluation. After completing the
course, participants receive a certificate that, naturally, can
be included on their CV. (A version of the course is available
to external researchers as well.)

The current use of CVs also hinders the career progression of
scientists in developing countries who must get by with lim-
ited resources and infrastructure, says Olumuyiwa Asaolu, an
engineer at the University of Lagos in Nigeria. In a 2020 opin-
ion piece for the academic news site The Conversation,
Asaolu called for a fresh approach to evaluating African re-
searchers, including rethinking the CV. The emphasis on pub-
lications and impact factors is especially problematic, he
says, partly because of costly publication fees. “It’s not easy
for Africans to publish in the big journals.”

Asaolu, who completed a postdoctoral position at the Univer-
sity of Tennessee at Knoxville in the early 2000s, says that
publishing while working in different countries has given him
insight into disparities. “The response you get if your address
is in Africa is not the same as the response or treatment you
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get if you're sending your manuscript from a Western insti-
tution.”

In 2018, a web-based survey of 267 African researchers con-
ducted by Asaolu and his colleagues underscored doubts
about standard metrics2. Although the majority (59%) of re-
spondents agreed that impact factor is a true measure of a
journal’s quality, only 40% agreed that publishing in journals
with high impact factors should remain a major component
of winning grants and promotions.

An approach to CVs that focuses more on real-world contri-
butions — including projects that help local communities —
and less on impact factors could help to level the playing field
for African researchers who are applying for positions or
grants overseas, Asaolu says. But he adds that young re-
searchers can’t take it on themselves to reinvent the system.
As a mentor, he often assists others with their applications,
and encourages them to follow existing instructions and tem-
plates as closely as possible. "Change has to be incremental,”
he says.

Incremental or not, changes to the format of CVs are inevi-
table, Pillai Riddell says. Early-career researchers can do their
part by expanding their own definitions of what’s worth listing
and, more fundamentally, what it means to be a successful
scientist. They can certainly mention a paper of theirs with
thousands of downloads, but shouldn’t ignore the impact
they’ve had on their communities: “Both have a place.”

Nature 604, 203-205 (2022), doi:
https://doi.org/10.1038/d41586-022-00928-4

References

1. Strinzel, M., Brown, J., Kaltenbrunner, W., de Rijcke, S.
& Hill, M. Humanit. Soc. Sci. Commun. 8, 251 (2021).
Article Google Scholar

2. Bhalla, N. Mol. Biol. Cell 30, 2744-2749 (2019). Pub-
Med Article Google Scholar

3. Atolani, O. et al. in Globafricalisation and Sustainable De-
velopment https://doi.org/10.2478/9783110671049-010
(Sciendo, 2019). Google Scholar

(Nature, 05 April 2022, https://www.nature.com/arti-
cles/d41586-022-00928-4)

ZeAida 19


https://www.nature.com/articles/d41586-022-00928-4?utm_source=Nature+Briefing&utm_campaign=54373833c5-briefing-dy-20220412&utm_medium=email&utm_term=0_c9dfd39373-54373833c5-45209366#ref-CR2
https://www.nature.com/articles/d41586-021-02145-x
https://www.nature.com/articles/d41586-021-02145-x
https://www.yorku.ca/research/project/polaris/about-us/
https://www.yorku.ca/research/project/polaris/access-to-our-polaris-modules-as-a-non-york-professor/
https://theconversation.com/we-think-theres-a-better-way-to-assess-the-research-of-african-academics-heres-how-132287
https://theconversation.com/we-think-theres-a-better-way-to-assess-the-research-of-african-academics-heres-how-132287
https://www.nature.com/articles/d41586-022-00928-4?utm_source=Nature+Briefing&utm_campaign=54373833c5-briefing-dy-20220412&utm_medium=email&utm_term=0_c9dfd39373-54373833c5-45209366#ref-CR3
https://doi.org/10.1038/d41586-022-00928-4
https://doi.org/10.1057%2Fs41599-021-00929-0
http://scholar.google.com/scholar_lookup?&title=&journal=Humanit.%20Soc.%20Sci.%20Commun.&volume=8&publication_year=2021&author=Strinzel%2CM.&author=Brown%2CJ.&author=Kaltenbrunner%2CW.&author=de%20Rijcke%2CS.&author=Hill%2CM.
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31609672
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=31609672
https://doi.org/10.1091%2Fmbc.E19-08-0476
http://scholar.google.com/scholar_lookup?&title=&journal=Mol.%20Biol.%20Cell&volume=30&pages=2744-2749&publication_year=2019&author=Bhalla%2CN.
https://doi.org/10.2478/9783110671049-010
http://scholar.google.com/scholar_lookup?&title=Globafricalisation%20and%20Sustainable%20Development&publication_year=2019&author=Atolani%2CO.
https://www.nature.com/articles/d41586-022-00928-4
https://www.nature.com/articles/d41586-022-00928-4

NEA AINO TIz
EAAHNIKEZ KAI
AIEONEIz
FEQTEXNIKEZ ENQZEI2

ExknaiBeuTIKN Ek3popn Tou TOpEa FEWTEXVIKAG
NG ZX0AnG NMoAimikmv Mnxavikov Tou E.M.M.
o€ TEXVIKG £€pya oTnv ITaAia, FaAAia kai EAAGda
(14-23 AnpiAiou 2022)

HE EHPAOCT OE NEPICTATIKA KAACIK®OV ACTOXIOV

H ekdpoun auTrh anoTeAei €va 101aiTEPa oNUAvTIKO CUUNANRPW-
Ha Tou eknaldeuTikoU KUKAoU TNG didaockaAiag Twv MoAITIK@V
Mnxavikwv Tou EMM, npoo@EpovTac npayuartikéG napaoTd-
O€IC OTO POoITNTH, JIEUKOAUVOVTAG OTNV APOMOIiwaon TwV ana-
pPAITATWV YVMWOEWV MOU TOU NapexovTdl «and £dpac». Kuplo
XAPAKTNPIOTIKO TNG EKOPOUNG AUTNG €ival N €NiOKeEWn 101AITE-
PWC HEYAAWV KAl YVWOTWV O NAYKOOWIA KAigaka nepiorari-
KWV aoToxinv, f akOua Kal Tpayikwv KataoTpop®y, NoU ouv-
£Bnoav AOyw KUpiwg YEWAOYIKWV ATEAEIWV NOU €iTe dev ava-
yvwpiodnkav Kata Tn PEAETN €iTE NOU 0 POAOC TOUG UMOEKTI-
unNénke. OI gynelpie¢ Nou anokTnénkav anod Ta Tpaylkd auTd
oupBavTa cuvéBalav, ano Tnv aAAn NAeupd, otnv €EEAIEN TwV
epappoywv TnG N'ewAoyiag orta €pya MnxavikoU Kal oTn OUVE-
XWC N0 a&ionioTn KATAOKEUN TWV £PYWV.

MponTuyxlakoi @oITNTEC 40U £Toug eknaidelTnkav HNpPooTd
OTIC QUOIKEG KAIHAKEG TwV €pYWV TOUG, OTO NAAICIO TOU pabn-
paTog "Texvikn yewAoyia", o€ pia 10nuepn ekdpoun oTtnv I-
TaAia kal FaAAia Pe TEXVIKEG EMIOKEWEIG OF:

MeydAeg aAAG kal TpayIkEG aoToxieg Epywv MoAITIKoU Mn-
Xavikou
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- MoAU peydhieg -kAipakag nAayidag kai BouvoU- kaToAigln-
OEIG

- ©fuarta yewTeXVIKNG napakoAouBnaong, diaxeipiong kai Ar-
WnG anopacewv £vavTl ekSNAWONG YEWKIVOUVWV

- MeydAeg kal Babiég onpayyeg(odIKEG Kal a1dnpodPOMIKEG)
Twv AANewv

- 'Epya avTiotTnpifewv Bpaxwdwv Npavwv O auTOKIVNTO-
dpOpoUG Kal ag NepIBAAAoV opeivig odonoliag

- Ofuata BepeAI®OEWY IOTOPIKWV PVNHEIWV Kal Afywng Me-
TPpWV npoaoTaciag

- Texvikda 'Epya o€ OgIodIKa evepYO NePIBAAAOV

YneluBuvog kal ouvodog TNG eKNAIDEUTIKNAG EKOPOUNG ATAv o
Enikoupog KaBnynTng Tou Topéa MEWTEXVIKAG TNG ZXOANG Mo-
NITIKQV MnNxavikwv, BagiAng Mapivog
(marinosv@civil.ntua.gr).

SXETIKEG AVAPTNOEIG TNG €KNAIDEUTIKNG €KOPOUNG O HECA
KOIVWVIKNG JIKTUWONG Tou EBvikoU MeTooBiou MoAuTexveiou,
NG ZX0ANG MoAIMIkwV Mnxavikwv kai Tou Topéa MemwTeXVIKNG
Jnopeite va BpeiTe €dw:

1. https://www.linkedin.com/posts/national-technical-
university-of-athens excursion-tour-mountain-activity-
6927523830684889088-
8]JSG?utm_source=linkedin share&utm medium=memb
er_desktop web

2. https://www.linkedin.com/feed/update/urn:li:activity:69
20226704816803840/

3. https://www.ntua.gr/el/news/announcements/item/265
5-i-emvlimatiki-ekpaideftiki-ekdromi-tis-sxolis-politikon-
mixanikon-tou-emp-anavionei

4. http://www.civil.ntua.gr/news/2022/4/12/ekdromi

5. http://www.civil.ntua.gr/news/2022/5/5/ekdromi/

6. https://www.facebook.com/permalink.php?story fbid=3
66025622214173&id=100261155457289

7. https://www.facebook.com/permalink.php?story fbid=3
66025622214173&id=100261155457289

H emimuxia autng TnG €kdpOMAG ATAV anoTEAECUA TNG ouve-
xoUG Kal OTeEVNG ouvepyaaoiag Tou Enikoupou KaBnyntrn Tou
FewTeXVIKOU Topéa TNG ZXOANG MOAITIKWV Mnxavikwv Tou
EMM BaagiAn Mapivou, TNG EMTPONNG TWV POITNTWV TOU £TOUG
aAAd kal OAwv Twv 78 goitnTwv! H guvépyela nTav unodely -
MaTIKA.

To xapoyeAo dev EPUYE NOTE anod Ta NPOCWNA TWV POITATWY,
napd 1o dUokoAo npdypappa pag!

'‘OAeG o1 €1kOVeG nou anaBavdartioav, ol NPayPaTikeG KAIMakeg,
0l TEXVIKEC NANPOPOPIEG KABE avTIKEINEVOU NMou avaAubnkav,
KaBe aioBnon nou anékTnoav PJéoa o auTeG TIG 10 nuépeg, Ba
Toug ouvodelouv oTn {wn Touc. 'Eva BiBAio 800 oegAidwy,
€10IKA NPOETOINACKEVO YIa AuThAV TNV €kOpoun, 6a eunAouTioel
TNV NPOCWNIKM Toug BIRBAI0BAKN.

H ekdpoun auTr anoTeAel GUVEXEIQ TNG I0TOPIKNAG EKIPOMNG (N
1n ekdpoun npaypartonolindnke 1o 1992) Tou 60U €€aurnvou
MoAITikwv Mnxavik®wyv Tou E.M.M1., n onoia ogeiAel To Eekivnua
Kal Tnv &dpaiwaor TnG oTov agigyvnoto OpoTIHO KaABnynTn
MauAo Mapivo kal Tov OpoTIHO KaBnynt Mewpylo Tolapndo,
Kabwe kalr oe nNARBo¢ AAAwv ouvepyaTwv and Tov Topéa
FewTEXVIKAG MNXavIKnG.

Ap. BaoiAng Mapivog
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EAANVIKOG ZUV3EOHO0G MFEWOUVOETIKOV YAIKGOV
WWwWw.igs-greece.gr

Fevikn ZuvéAeuon - EkKAoyEg

2Tic 8 AnpiAiou 2022, npaypartonolndnke pe smituxia n €€ a-
vaBoAng TakTIkn ekAoyikn Tevikn Zuveéleuon Tou EAANVikoU
Suvdeopou MewauvBeTIKWV YAIK®V, HEOW TNAEDIAOKEWNG, KA -
TOMIV OXETIKAG NPOCOKANGNG Nou oTaABnke ota WéEAN Tou EZTY.

SulntnBnkav Ta napakaTw BEuara:

e Eyypageg véwv peAmv

e Menpaypéva - OIKOVOUIKOG ANOAOYIOHOG

e ApaotnpidoTnTeG EAANVIKoU kal AlgBvov  SuvdEopwvV
FEWOUVOETIKWV YAIKGOV

e EkAoyn véou AioiknTikoU ZupBouAiou yia Tnv nepiodo
2022-2025.

e EkAoyn EEeAeykTikng EmiTponng yia Tnv nepiodo 2022-
2025.

Katoniv nAekTpovIkAG wngogopiag, €ni guvolou 15 wnoi-
oavTwy, eKAEXONKav yia Tnv enopevn nepiodo - TpieTia 2019
- 2022, ol KaTwoI:

(1) AloiknTikd SupBoUAIo A.5.:

AnooTolog Pitoog (15 wneol) - XprnoTog STpaTtdkog (15 wn-
@ol) - NikoAaog Todtoog (14 wAgol) - Iwdvvng Mapkou (12
wnAeol) - Inavvng Wiung (12 wnoot) - Inavvng dikipng (11
wneol) - KwvaravTivog Zapapac (10 wnAeor)

(2) EEeAeykTikA EmiTponn:

Iwavvng ZeuywAng (9 wneol) - ANéEavdpog ToiTonoulog (7
wnool) - Inavvng Moupdoupnag (3 wngol) - KwvoravTivog
MnavTtpaA€gng (3 wrgol)

0O koG Imavvng ZeuywAng dNAwaoe OTI napaxwpei Tn 6€on Tou
otnv E.E.

Tnv 28n AnpiAiou 2022 Ta ekKAeyPéva PEAN TNG wn@ogopiag
NG Mevikng ZuvéAeuong TnG 8" AnpiAiou 2022 (BAENE OXETIKA
Kal To NPAKTIKO TNG EPOPEUTIKAG EMITPONNG TNG 8ng AnpiAiou
2022) ouykpoTnOnNKav o€ owua PE TNV akoAoubn ouveeon:

Mpoedpoc: Mapkou Iwavvng

AvanAnpwtng MNpoedpog: PiToog ANGCGTOAOG
YneuBuvog OIkoVopIK®V: Toatoog NikoAaog
FpappaTéac: STpaTakog XprnoTog

Méhog: Wipng Iwavvng

Mélog: ®ikipng Iwavvng

MéMog: Sapapdc KwvoTavTivog

Ek p€poucg Tou A.3. Tou SUVOEOHOU,

XpnoTog STpatakog - MpappaTtéag HGS

o3 D

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

SIMSG ISSMGE

o

International Society for Soil Mechanics and
Geotechnical Engineering

South African Geotechnical Division Time Cap-
sule goes live

The South African Geotechnical Division is directly affiliated
with the South African Institution of Civil Engineering (SAICE)
and its main objective is to provide members with the latest
developments in Geotechnical Engineering practice in South
Africa. The committee, comprising practising geotechnical
engineers from the consulting, contracting and academic
spheres has developed a comprehensive blog for the ISSMGE
Time Capsule, outlining some of the key developments of
geotechnical engineering in South Africa since the fields in-
ception.

The South African Geotechnical Engineering Time Capsule
Blog highlights key academic, technical, and historical
achievements and projects over the years, noting the contri-
butions of luminaries such as Professor Jere Jennings and Dr
Tony Brink among others.

This project is an opportunity to record past, present and fu-
ture achievements, and issues in Geotechnical Engineering
practice in South Africa. This will provide a perpetual data-
base of information which can encourage and inspire stu-
dents and individuals to join our Geotechnical Community,
and for current members to interact around.

It is expected to become an ongoing project to which the Ge-
otechnical Division members are encouraged to contribute
articles on the major construction or project developments
they or other key individuals have been involved in, their ar-
eas of contribution, key outcomes and ongoing applications
of relevant technologies, new avenues to explore, etc., while
highlighting the development of geotechnical engineering as
a discipline and the experience of the contributor.

About the authors:

John Pavlakis is a Geotechnical Engineer practicing at Michael
Pavlakis and Associates and the Chairman of the South Afri-
can Institution of Civil Engineers Geotechnical Division. John
has been working in the geotechnical field for the last 15
years and has a keen interest in assessment of risks as-soci-
ated with the developments on Dolomite land and the use of
the Menard Pressuremeter. His hobbies include travelling,
reading, cycling and most importantly spending time with
family and friends.

Jacobus Breyl has been part of the Geotechnical Department
at Jones & Wagener for 14 years. After being involved in geo-
technical design and site investigations in the initial years, he
has been involved in assessing the surface stability of under-
mined ground in recent years.

About these articles:

To debate past, current and future issues in Geotechnical En-
gineering, the Time Capsule Project is welcoming and pub-
lishing short articles on the ISSMGE website.

We challenge you to write 200-400 words on any topic that
will generate debate within the Geotechnical Engineering pro-

ZeAida 21


http://www.igs-greece.gr/

fession. Click here to submit your message for consideration.

Articles will be displayed for a limited time and views ex-
pressed need not be shared by the ISSMGE or held strongly
by authors.

Charles MacRobert / Time Capsule Project / 01-04-2022

4th International Conference on Information
Technology in Geo-Engineering (04 - 05 Aug
2022)

Invitation for Papers:

The 4th ICITG aims to address the latest developments in
applications of information technologies and artificial intelli-
gence to geo-engineering. Topics of the conference cover any
topics related to the applications of information technologies
in geotechnical engineering, geo-environmental engineering,
or engineering geology. These include, but not limited to, the
following topics:

e Sensors and sensing technologies for geotechnical or ge-
ological applications

e New geotechnical instrumentations, data collection and
transmission technologies
3D geological modeling
Application of Artificial intelligence (AI) or machine learn-
ing in geotechnical engineering

e Use of Information and Communications Technologies
(ICT) in laboratory and field works

e Digitalisation for site investigation, in-situ or laboratory
testing

e Data driven geophysical investigation and interpretation
methods

e Big data and database processing for better use of ge-
otechnical data for geotechnical design

e Applications of imaging technologies for geotechnical de-
sign or geological data presentations

e Building Information Modeling (BIM) applied to geo-struc-
tures and underground constructions

Virtual reality and augmented reality
Intelligent geomaterials, geosynthetics and geosystems
Case studies in design, constructions and maintenance

For the conference, only extended abstract needs to be sub-
mitted for the consideration for oral presentation. Selected
papers will be invited for submissions to special issues in Acta
Geotechnica and Georisk.

Important Dates:

- Abstract for Conference / Special Journal Issues 15 May
2022

- Confirmation of Acceptance of Abstract 31 May 2022
About ICITG:

The International Conference on Information Technology in
Geo-Engineering (ICITG) was initiated by the Joint Technical
Committee 2 (JTC2) of the Federation of International Geo-
Engineering Societies (FedIGS).

FedIGS is an umbrella organization linking international pro-
fessional societies in the field of "GeoEngineering", including
ISSMGE (International Society for Soil Mechanics and Geo-
technical Engineering), ISRM (International Society for Rock
Mechanics and Rock Engineering), IAEG (International Asso-
ciation for Engineering Geology and the Environment), IGS
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(International Geosynthetics Society). JTC2 is one committee
under FedIGS and focuses on intelligentizing geo-engineering
data.

The conference intends to bring together engineers, scien-
tists, researchers and educators to review new developments
and IT advances in geo-engineering and provide a forum for
the discussion of future trends. The first three ICITG confer-
ences were organized by Tongji University, Shanghai, China
in 2010, Durham University, Durham, UK together with
Tongji University, Shanghai, China in 2014, and the Univer-
sity of Minho and the Portuguese Geotechnical Society in Por-
tugal in 2019, respectively. The 4th ICITG will be organized
by the Geotechnical Society of Singapore, with the support of
Nanyang Technological University and National University of
Singapore.

More information on the conference can be found in the con-
ference website: https://www.4iticg.org/

Conference Chairs:

CHU Jian, Nanyang Technological University
LEUNG Chun Fai, National University of Singapore

Siau Chen Chian / TC217 / 07-04-2022

Rocscience - Course: 2D & 3D Slope Stability
Analysis

I__J rocscience

Description:

On popular demand, we are bringing the in-person course on
2D and 3D Slope Stability Analysis to our users in Europe!
Join us in Madrid, Spain for the course on May 30-31, 2022.
Seats are limited.

link for the registration:

https://www.rocscience.com/events/course-2d-3d-
slope-stability-analysis-madrid2022

Data/Time: May 30-31, 2022
Location: Madrid, Spain

ISSMGE Secretariat / Corporate Associates / 22-04-2022

Geotechnical Engineering Education “"Time Cap-
sule” Report

The contribution of TC306 to the Time Capsule Project has
been uploaded under the tab "Reports" of the TC306
webpage. The contents of the TC306 Time Capsule Report
were discussed at the committee meeting of April 2021 and
the country-specific contributions were provided by TC306
members. Being a group effort, the report can be used for
introducing TC306, its past, present and possible future.

Marina Pantazidou / TC306 / 28-04-2022

Reference List for Machine Learning and
its Applications in Geotechnical Engineering -
PART I: NEED TO KNOW KNOWLEDGE
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Reference List for Machine Learning and
its Applications in Geotechnical Engineering -
PART II: MACHINE LEARNING ALGORITHMS
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Reference List for Machine Learning and
its Applications in Geotechnical Engineering -
PART IV: PERFORMANCE COMPARISON OF MA-
CHINE LEARNING ALGORITHMS USING THE
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ISRM launched a survey in English, Spanish and Chi-
nese - deadline to complete it is 10 May 2022-04-01

ISRM launched a survey in English, Spanish and Chinese -
deadline to complete it is 10 May

We would like to know more about our members and about
those that have contact with us by visiting the website, sub-
scribing to the Newsletter or following us on Twitter and
LinkedIn. We would also like to know what you value most
from our activities and what would you like us to offer to you.

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

For that purpose, the ISRM Board prepared a survey. To
reach a larger number of people it can be completed in Eng-
lish, Spanish and Chinese. We strongly encourage you to take
the 10 minutes required to complete it, because without your
response we cannot provide to you the style of Society and
the services that you want.

Please complete the survey by 10 May, when it will be closed.

Click here to start the survey.

@ International Society for Rock Mechanics and
S Rock Engineering
.

ISRM YOUNG MEMBERS’ SEMINAR SERIES

Experimental analyses of burst type
extreme rock failures and rock

fracture under high-stress conditions &
Dr. Selzhattin Akdag

University of Agelsige;

Coseismic rock slope failure s
mechanisms - insights from landslides
triggered by the 2016 Mw 7.8
Kaikbura earthquake

/DYt O EONSGE D305z

ilable on ISRM YMs’ YouTube Channel:
bs.com/shannel/UCNFIYOHBAYUMBItSu

Fourth ISRM Young Members’ Seminar (YMS) on 28
April 2022-04-13

The ISRM Young Members’ Seminar (YMS) Series is a new
ISRM Young Members Group initiative. It consists of a series
of virtual events, with the goal of providing a global platform
for ISRM young members to share knowledge, experiences,
and ideas. More details on the YMS are available on this page.

After three very successful editions, the fourth ISRM Young
Members’ Seminar will take place on 28 April at 7 A.M.
GMT with two speakers, from Australia and New Zealand:

4th seminar - 28 April 2022

e Experimental analysis of burst type extreme rock failures
and rock fracture under high-stress conditions by Se-
lahattin Akdag (Australia).

e Coseismic rock slope failure mechanisms - insights from
landslides triggered by the 2016 Mw 7.8 Kaikdura earth-
quake by Corine Singsein (New Zealand).

You can join using the Zoom link created for each Semi-
nar and you can participate in the question and answers pe-
riod. The Seminars will also be live-streamed to the ISRM
YM's YouTube channel, where they will be stored. Click here
to download the flyer.

Stay tuned for details on the 5th edition from the YMS organ-
ising committee.

Sevda Dehkhoda
Chair of the ISRM Young Members Committee
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ASSOCIATION
INTERNATIONALE DES TUNNELS
ET DE L'ESPACE SOUTERRAIN

INTERNATIONAL TUNNELLING
AITES AND UNDERGROUND SPACE
ASSOCIATION
Scooped by ITA-AITES #65, 12 April 2022

Tunnelling: Buried connections on the Grand Paris Express |
France

Biden budget calls for $100 million for New York City tunnel
project | United States of America

Argentina and Chile agree on three tunnel projects drilling
the Andes

Tideway | Final connection tunnel complete on London super
sewer | UK

Tunnel excavation work on 5km stretch in 2 weeks | India

The EU is building an $11billion tunnel connecting Scandina-
via to the Mediterranean | Austria - Italy

India's first underwater metro tunnel in Kolkata to be made
functional by 2023

Japan’s largest underground bus terminal to be constructed
at Tokyo Station

Central Interceptor micro-tunnel boring machine prepares for
722 m drive back | New Zealand

Construction of 9 km tunnel for Georgia’s North-South road
corridor underway | Georgia

Scooped by ITA-AITES #66, 26 April 2022

Submerged floating tunnel: principle, features, and chal-
lenges

Cross River Rail hits record milestone | Australia

TWAD Board completes tunnelling work in Pilloor III project

India

Montreal Blue Line Extension seeks TBM experience | Canada

Faroe tunnel investors “serious” about $3.4bn Channel Island

link | UK

Managing the underground infrastructure legacy

New tunnelling industry group to promote low carbon linings

The underground labyrinth of the Paris Metro | France

Bulgaria plans to sign contract for Shipka tunnel construction
in April

Architectural feats: Tunnels that spiral up, and were made by
hand
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Design and construction of a cavern in Down-
town Los Angeles

Carlos Herranz — Mott MacDonald

Los Angeles Metro is constructing a light rail corridor beneath
Downtown Los Angeles—The Regional Connector Transit Cor-
ridor (RCTC). To provide operational flexibility, RCTC re-
quired a track crossover adjacent to one of the stations. Right
of way constraints required the crossover be constructed at
relatively shallow depth using Sequential Excavation Methods
(SEM), resulting in what is believed to be the largest mined
cross section in Los Angeles. Challenges faced for the SEM
cavern design and construction included strict limits for tun-
nelling induced displacements in surrounding structures and
high seismic design loads with 2,500 year return periods. This
presentation describes the design approach of the SEM cav-
ern, with an emphasis on the seismic analysis, as well as the
actual conditions faced during construction.

Thursday 17th March 2022 The lecture will also be streamed
live at https://youtu.be/Bdjs3VnpYDs
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Flat or Domed? The Selection of Shaft Base Slab
Geometry and a Medley of Design Considera-
tions

YOuUNG
MEMBERS

Si Shen - TYPSA

FLAT

T

In this lecture, Si will share some experience related to the
structural design of underground concrete structures, often
encountered in London area geology. The presentation will
cover a seemingly insignificant but commonly seen issue in
shaft design - the selection of geometry for the shaft base
slab, flat and domed, each with its pros and cons.

This will expand into several related technical topics includ-
ing:
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e how cracking affects the design of underground concrete
structures

e water resistance design of underground structures

e shrinkage, creep and early-age thermal behaviour of
concrete.

The lecture will summarise how these characteristics of con-
crete influence the selection of base slab geometry.

This in-person lecture will also be streamed live at
https://youtu.be/liFvEueNg24

Institution of Civil Engineers, London SW1P 3AA, Thursday
7 April 2022.
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DFI's 2022 Osterberg Memorial Lecture will take place on
Thursday, June 16. Harry Poulos, Ph.D., D.Sc. Eng., senior
consultant, Tetra Tech Coffey, and emeritus professor of civil
engineering, University of Sydney, has been selected as this
year’s lecturer. The lecture is titled, “"Foundations for Tall
Buildings - Design and Risk Reduction.”

Harry Poulos, Ph.D., D.Sc. Eng. Tetra Tech Coffey

Poulos joined the Department of Civil Engineering at Sydney
University, his alma mater, in 1965, and was appointed a
professor in 1982, a position he held until his retirement in
2001. In 1989, he joined Coffey Partners International and is
currently as senior consultant with Tetra Tech Coffey. He is
also an emeritus professor at the University of Sydney and
an adjunct professor at Hong Kong University of Science and
Technology. He is also the ombudsman for the DFI Journal.

Poulos has been involved in a large number of high-rise and
infrastructure projects in Australia and overseas, including
the Burj Khalifa and the Dubai Creek Tower in Dubai, and the
720 km Egnatia Odos motorway in Greece. In 2010, he was
elected a Distinguished Member of the American Society of
Civil Engineers (ASCE), and in 2014, he was inducted into the
U.S. National Academy of Engineering. In 2017, he was
awarded the Outstanding Leaders and Projects (OPAL) Award
for lifetime achievement in design by ASCE, and in 2020 was
awarded the Peter Nicol Russell Memorial Medal by Engineers
Australia.

The annual Osterberg Memorial Lecture and Award was es-
tablished in honor of Dr. Jorj O. Osterberg to recognize inno-
vations in deep foundations construction related to engineer-
ing design, testing or education.

To view a listing of previous Osterberg Lecturers, visit our
website.

Foundations For Tall Buildings — Design and Risk Reduction

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

The main issues to be considered in the design of foundations
for tall buildings will be outlined, and procedures that can be
adopted to address these issues will be discussed. Despite
the evolution of modern techniques of ground investigation
and foundation design, there have been cases in which prob-
lems have occurred and the performance of the supported
building has been compromised. Some of the risk factors in
foundation investigation, design and construction will be dis-
cussed, and measures to reduce such risks will be suggested.
Examples of the successful application of the design and risk
reduction procedures to two prominent tall buildings will be
presented. A contemporary case in which a less successful
outcome occurred will be discussed briefly. Possible reasons
for this lack of success, and some of the lessons learned, will
be outlined.

https://www.xcdsystem.com/dfi/program/2D2hmzD/in-
dex.cfm?pgid=1317#osterberg
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Mediterranean Lecture 2022

June 15, 2022, Prof. Vassilis Marinos will deliver the fist Med-
iterranean Lecture “In-Flysch-Structure. Addressing the
Challenge of Flysch in Major Infrastructure Projects”. The
event will be held in Naples at the faculty of Engineering.
Further information can be found in our website:
https://medgeocommunity.wixsite.com/website

The lecture will be followed by a lunch offered by the Univer-
sita di Napoli.

The lecture will be spread also on-line.

The link: https://medgeocommunity.wixsite.com/web-

site/about-3

Starting at 10.30 Rome time.
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Award lectures from Charlotte Geo-Congress
2022
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GEO-CONGRESS 2022

Charlotte, North Carolina | March 2023, 2022

The following special lectures were given at the context of
Geo-Congress 2022 (Charlotte, North Carolina | March 20-23
2022). All lectures can be found in the media gallery below.

Karl Terzaghi Lecture

This lectureship was established by the Soil Mechanics and &
Foundations Division (present Geo-Institute) of the Society
by the solicitation of gift from the many friends and admirers
of Karl Terzaghi, Hon.M.ASCE. It was instituted by the Board
of Direction on October 10, 1960.

2022 Winner

"Bio-mediated Geotechnics for Hazard Mitigation, En-
vironmental Protection and Infrastructure Construc-
tion”

Edward Kavazanjian, Jr., PhD., P.E., D.GE, Dist. M.
ASCE, NAE

Director, Center for Bio-mediated and Bio-inspired Geotech-
nics

Regents Professor and Ira A. Fulton Professor of Geotech-
nical Engineering Arizona State University

For significant contributions to earthquake engineering, the
design of waste containment systems and in leading the
emerging field of bio-geotechnical engineering.

Ralph B. Peck Award

This award was established in 1999 by the Geo-Institute of
the Society in honor of Ralph B. Peck, Dist.M.ASCE. Funds to
support this award were donated by the Geo-professional
Business Association GBA (former ASFE).

2022 Winner
"'Site Response analysis: Does it Work?”

Ellen Rathje, Ph.D., P.E., F.ASCE
Janet S. Cockrell Chair, The University of Texas Austin

For her advancements to seismic site response analysis
through case histories, her development of case histories to
inform regional seismic assessments and her leadership pro-
moting the electronic publishing of case history data.

Bolton Seed Medal

This award was established by the Geotechnical Engineering
Division (present Geo-Institute) of the Society in memory of
Professor H. Bolton Seed, Hon.M.ASCE. It was officially insti-
tuted by action of the Board of Direction on October 23, 1993
and was funded by friends and colleagues of Professor Seed
and the U.S National Society Endowment Fund.

2022 Winner

“"Evaluating the effects of liquefaction”

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

Jonathan D. Bray, PhD., P.E., F.ASCE
Faculty Chair in Earthquake Engineering Excellence, UC
Berkeley

For advancements in geotechnical earthquake engineering,
including liquefaction ground motions, seismic site response,
seismic slope stability, soil-structure-interaction (SSI) and
surface fault rupture.

Carl L. Monismith Lecture

The ASCE Geo-Institute (G-I) has established a Lecture in
recognition of Professor Carl L. Monismith’s contribution to
Pavement Engineering. Professor Monismith’s teaching and
research career in pavement technology, at the University of
California Berkeley, spans more than 50 years. Throughout
this period, he has mentored numerous graduate students
who have disseminated advances in pavement technology
around the world.

2021 Winner

"“"Unbound aggregate pavement layers-Dynamic load-
ing behavior and its characterization”

Erol Tutumluer, Ph.D., M.ASCE
Abel Bliss Professor in Engineering
Paul F.Kent Endaved Faculty Scholar

For unique studying practical implications of geotech-
nical/pavement foundation issues in pavement design and
performance and work on advanced and mechanistic based
modeling of geo-mechanical and pavement systems.

Media

Geo-Congress 2022: Karl Terzaghi Lecture: Ed Kavazanjian

Geo-Congress 2022: H. Bolton Seed Lecture: Jonathan Bray

Geo-Congress 2022: Carl L. Monismith Lecture: Erol Tu-
tumluer

Geo-Congress 2022: Ralph B. Peck Lecture: Ellen Rathje

@ Geo-Congress 2022: Karl...

@ Geo-Congress 2022: H.B.. &

2022 Karl p

22 >
Torsaghi 2022 H. Bc

_Seed Lecture

Geo-Congress 2022: Karl Terzaghi Lecture: Ed Geo-Congress 2022: H. Bolton Seed Lecture:

Kavazanjian Jonathan Bray

@ Geo-Congress 2022: Ral...

~ ;

202’! Cgrll > 7L 2022 Ralpl » :
Monismith - Peck Lecture
Lecture £ ;

Geo-Congress 2022: Carl L. Monismith Geo-Congress 2022: Ralph B. Peck Lecture:

Lecture: Erol Tutumluer Ellen Rathje

https://www.geoengineer.org/news/award-lectures-from-
charlotte-geo-congress-2022
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March, 2022

Climate change creates new risks to dam safet

Are the effects of climate change being considered in dam
risk assessment? What happens during extreme rainfall or
when water levels are higher than expected due to lower us-
age? Authors of a paper in the Journal of Water Resources
Planning and Management looked at how risk assessments
are used to ensure dam safety.

Watch Video
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Design Challenges, Disasters, and Lessons
in Rock Engineering

Dr. Hoek's video presentation and Q&A are now avail-
able.

The first seminar in the Africa Geotechnical Legends Series
was a great success!

Dr. Hoek's presentation "Design Challenges, Disasters,
and Lessons in Rock Engineering" can now be viewed on
our YouTube channel.

Your participation during the session was highly appreciated.
Dr. Hoek kindly answered all 95 questions asked during the
session and formulated them into a document which can be
accessed here.

Watch the Video

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022
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AIAKPIZEI2
EAAHNQN
FEQTEXNIKQN
MHXANIKSQN

Benefits of Unconventional Seismic Foundation
Design
A1aAeEn Ap. Nwpyou 'kaléTa
OpoTIipou Kaényntou EMIM

MeTa ano npdokAnon Tou KabnynTtou Nikou BAaxdénouAou oto
GeoEngineering Centre Tou Queen's University — Royal Mili-
tary College, Kingston, Ontario, Canada, o Ka@nynTng
MNwpyog MNkalétag napouaiage, Tnv TeTapTn 6 AnpiAiou 2022
TNV JIGAEEN:

GeoEngineering Seminar Series
Sponsored by BGC Engineering

“Benefits of Unconventional
Seismic Foundation Design”

Current seismic geotechnical practice has embraced concepts inspired by pseudo-static
hinking and force-based methodologies. The result is often over-designed foundations that,
in addition to being uneconomical and difficult to implement, might unexpectedly lead to
poor technical performance of foundation—structure sy
The lecture will address the benefits of drastically changing the established philosophy in
seismic foundation design. Emphasis will be given to “foundation rocking and soil failure” of
tall slender structures, the foundations of which we deliberately under-designed to ensure
that during strong shaki b ially i and inelastic soilfoundation interaction
takes place — uplifting of footing from the supporting soil, along with mobilisation of
beanng-capacnty failure mechanisms in the soil. Thanks to the kinematic nature of seismic
1l g such 1 limits the accelerations transmitted up into
the super structure Hence it reduces the inertia loading which “retums back” onto the
foundation in the form of overturning moments and shear forces. Owing to its cyclic nature,
seismic response generates a significant amount of damping in the soil, while exceedance of

the ultimate capacity acts (only) ily and alts ingly. The two ph

[: ib is di d D i ity and ble levels of residual
deformati (dispk and ions). Def i are further diminished by the
beneficial contribution of gravity to ing of the found

Physical experiments, analyses, and field obsenranons involving a variety of stmctural
systems and foundations, will illustrate the technical adh ges of such

designs. Analysis of a historic seismic case history will further demonstrate the potermal
benefits (as well as the limitations) of this new paradigm in soil-found;

sinmel"‘“‘d”“ g %
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEIZ>

Ma TiIc NaAaIdTEPEG KATAXWPNOTEIC NEPICCOTEPEC NANPOPOPIES
Mnopouv va avalntnBolv oTta nponyoUpeva TeUXn TOU «ne-
p1odikoU» Kal OTIG NapaTIBEPEVEG I0TOOENIDEG.

SYDNEY 7iYGEC 2021 7% International Young Geotechnical
Engineers Conference A Geotechnical Discovery Down Under,
29  April - 1 May 2022, Sydney, Australia,
http://icsmge2021.org/7iygec

SYDNEY ICSMGE 2021 20 International Conference on Soil
Mechanics and Geotechnical Engineering, 1-5 May 2022,
Sydney, Australia, www.icsgme2021.org

LARMS 2021 - IX Latin American Rock Mechanics Symposium
Challenges in rock mechanics: towards a sustainable devel-
opment of infrastructure, 15 - 18 May 2022, Asuncion, Par-
aguay, https://larms2021.com

3rd International Conference on Geotechnical Engineering -
Iraq 2022, 17 to 19 May 2022, University of Baghdad, Iraq,
https://ocs.uobaghdad.edu.ig/index.php/ICGEI/ticgei

Transport Geotechnics 2022, 19 May 2022, London, United
Kingdom, https://transport.geplus.co.uk/getr/en/page/

2022 ICOLD 27% Congress - 90 Annual Meeting 27 May -
3 June 2022, Marseille, France, https://cigb-icold2022.fr/en

5t Meeting of EWG Dams and Earthquakes, Workshop on
Ground motion selection approaches, May 31, 2022, Guil-
laume VEYLON, guillaume.veylon@inrae.fr

4th International Conference “Challenges in Geotechnical En-
gineering” CGE-2022, 1 to 3 June 2022, Kyiv, Ukraine
www.cgeconf.com

The 17th Danube - European Conference on Geotechnical En-
gineering, 7-9 June, 2022, Bucharest, Romania,
https://sites.google.com/view/17decgero

3 European Conference on Earthquake Engineering and
Seismology (3ECEES), 19-24 June 2022, Bucharest, Roma-

nia, https://3ecees.ro

PRF 2022 Progressive Failure of Brittle Rocks, June 20-24th,
2022, Flatrock, NC, USA, www.prf2022.org

3rd International Symposium on Geotechnical Engineering
for the Preservation of Monuments and Historic Sites, 22-24
June 2022, Napoli, Italy, https://tc301-napoli.org

CPT'22 5th International Symposium on Cone Penetration
Testing, 26-29 June 2022, Bologna, Italy, http://cpt22.or

Workshop on soil erosion for Europe - Emerging challenges,
27-29 June 2022 (WEBEX - Online) Landslides and soil ero-
sion. Chair: Nikolaos Tavoularis ntavoularis@metal.ntua.gr

IS-Cambridge 2020 10%™ International Symposium on Geo-
technical Aspects of Underground Construction in Soft
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Ground, 28 - 30 June 2022, Cambridge, United Kingdom,
www.is-cambridge2020.eng.cam.ac.uk

5.ICNDSMGE - ZM 2020 5% International Conference on
New Developments in Soil Mechanics and Geotechnical Engi-
neering, June 30 to July 2, 2022, Nicosia, Cyprus,
https://zm2020.neu.edu.tr

ICONHIC2022: THE STEP FORWARD - 3rd International Con-
ference on Natural Hazards & Infrastructure, 5 - 7 July 2022,
Athens, GREECE, https://iconhic.com/2021

RocDyn-4 4th International Conference on Rock Dynamics
an ISRM Specialized Conference, 17-19 August 2022. Xu-

zhou, China, http://rocdyn.org

ISFOG 2020 4th International Symposium on Frontiers in Off-
shore Geotechnics, 28 - 31 August 2022, Austin, United
States, www.isfog2020.0rg

16th International Conference of the International Associa-
tion for Computer Methods and Advances in Geomechanics -
IACMAG 30-08-2022 - 02-09-2022, Torino, Italy, www.iac-
mag2022.org

WTC 2022 World Tunnel Congress 2022 - Underground solu-
tions for a world in change, 2-8 September 2022, Copenha-
gen, Denmark, www.wtc2021.dk

11%™ International Symposium on Field Monitoring in Geome-
chanics, September 4 - September 7, 2022, London, UK,
https://isfmg2022.uk

7th European Geosynthetics Conference, 4 to 7 September,
2022, Warsaw, Poland, https://eurogeo7.org

3" European Conference on Earthquake Engineering & Seis-
mology, September 4 - September 9, 2022, Bucarest, Ro-
mania, https://3ecees.ro

Eurock 2022 Rock and Fracture Mechanics in Rock Engineer-
ing and Mining, 12+15 September 2022, Helsinki, Finland,
www.ril.fi/en/events/eurock-2022.html

IAEG XIV Congress 2022, Chengdu, China September 14-20,
2022, https://iaeg2022.0org

28th European Young Geotechnical Engineers Conference
and Geogames, 15 - 17 - 19 September 2022, Moscow, Rus-
sia, https://www.eygec28.com/?

International Workshop on Advances in Laboratory Testing of
Liquefiable Soils, 17 September 2022, Kyrenia, North Cyprus,
https://nce2022.ktimo.org

10th International Conference on Physical Modelling in Ge-
otechnics (ICPMG 2022), September 19 to 23, 2022, KAIST,
Daejeon, Korea, https://icpomg2022.org

11% International Conference on Stress Wave Theory and De-
sign and Testing Methods for Deep Foundations, 20 - 23 Sep-
tember 2022, De Doelen, Rotterdam, The Netherlands,
https://www.kivi.nl/afdelingen/geotechniek/stress-wave-
conference-2022

10th Nordic Grouting Symposium, 4 -6 October, 2022,
Stockholm, Sweden, https://www.ngs2022.se/

Smart Geotechnics 2022, 6 October 2022, London UK,
https://smartgeotechnics.geplus.co.uk/smartgeotech-
nics/en/page/home

IX Latin American Rock Mechanics Symposium - Challenges
in rock mechanics: towards a sustainable development of in-
frastructure, an ISRM International Symposium, 16-19
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October 2022, Asuncion, Paraguay, http://larms2022.com

50 TMaveAAnvio Zuvedpio AVTIOEIOMIKAG Mnxavikng Kai
Texvikng Zeiopoloyiag, 20-22 OkTwPpiou 2022, A8nva,
https://5psamts.eltam.org

2022 GEOASIA? - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, October 31 - November 4,
2022, Taipei, Taiwan, www.geoasia7.org

CouFrac 2022 - 3™ International Conference on Coupled Pro-
cesses in Fractured Geological Media: Observation, Modeling,
and Application, November 14-16, 2022, Berkeley, Califor-
nia, USA, https://coufrac2022.org

Piling & Ground Improvement Conference 2022, November
16-18, 2022, Sydney, Australia, https://events.american-

tradeshow.com/pilingconference2022

AUSROCK Conference 2022, 6th Australasian Ground Control
in Mining Conference —an ISRM Regional Symposium, 29 No-
vember - 1 December 2022, Melbourne, Australia,
www.ausimm.com/conferences-and-events/ausrock/

16th ICGE 2022 - 16th International Conference on Geotech-
nical Engineering, Lahore, Pakistan, 8-9 December, 2022,
https://16icge.uet.edu.pk/

4th African Regional Conference on Geosynthetics — Geosyn-
thetics in Sustainable Infrastructures and Mega Projects, 20-
23 February 2023, Cairo, Egypt, www.geoafrica2023.0rg

ASIA 2023, 14 - 16 March 2023, Kuala Lumpur, Malaysia
www.hydropower-dams.com/asia-2023

88™ ICOLD Annual Meeting & Symposium on Sustainable De-
velopment of Dams and River Basins, April 2023, New Delhi,
India, https://www.icold2020.0rg

UNSAT 2023 - 8" International Conference on Unsaturated

Soils, 2-5 May 2023, Milos island, Greece, www.un-

sat2023.org

World Tunnel Congress 2023 Expanding Underground
Knowledge & Passion to Make a Positive Impact on the World,
12 - 18 May 2023, Athens, Greece, https://wtc2023.gr

3

NROCK2022
The IV Nordic Symposium on Rock Mechanics
and Rock Engineering

24 - 25 May 2023, Reykjavic, Iceland
www.nrock2023.com

The Icelandic Geotechnical Society and The Icelandic Tunnel-
ling Society are pleased to welcome you to the Nordic Rock
Meeting - the IV Nordic Symposium on Rock Mechanics and
Rock Engineering in Reykjavik, Iceland 24 - 26 of May 2023.

This symposium gathers Nordic rock mechanics and engi-
neering geology experts to discuss the current state of re-
search, infrastructure, rock caverns, tunnelling, mining, use
of underground space for energy recovery and storage, and
case histories. Use of underground space for various pur-
poses is a natural choice in Nordic countries and it has made
the understanding of rock mechanics and rock engineering
vital. Be welcome and meet your colleagues at the Nordic
Rock Meeting in Reykjavik, Iceland.
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The Nordic Rock Meeting was establised by the Norwegian
Rock Mechanic Group and the first meeting was held in Nor-
way 2010, followed by meetings in Sweden and Finland and
the next meeting, the 4th, is planned in Reykjavik Iceland in
2023.

The Nordic Rock Meetings
2010 Kongsberg - Norway
2013 Goteborg - Sweden
2017 Helsinki - Finland

2023 Reykjavik - Iceland

The aim of the symposium is to strengthen the relation-
ships between practicing engineers, researchers and scien-
tists within the fields of Rock Mechanics and Engineering Geo-
logy with special emphasis on, but not limited to, the Nordic
region.

This symposium is a platform to gather experts within the
area of rock mechanics with the topical themes related to
current state of research, infrastructure, rock caverns, tun-
nelling, mining, use of underground space for different type
of storage and case histories.

All are invited to share their experience and knowledge with
their Nordic colleagues by delegation in the technical pro-
gram as well the social one.

Address

Icelandic Geotechnical Society Engjateigur 9 105 Reykjavik
ICELAND

Contact Person Name Thorbjorg Thrainsdottir

Email jardtaeknifelagid@gmail.com
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3rd JTC1 Workshop on “Impact of global changes on landslide
risk”, 7- 10 June 2023, Oslo, Norway, https://jtcl-
2023.com

9th International Congress on Environmental Geotechnics
Highlighting the role of Environmental Geotechnics in Ad-
dressing Global Grand Challenges, 25-28 June 2023, Chania,
Crete island, Greece, www.iceg2022.org

17ARC 17th Asian Regional Geotechnical Engineering Confer-
ence, 14-18 August 2023, Nur-Sultan, Kazakhstan,
https://17arc.or

IS-PORTO 2023 8th International Symposium on Defor-
mation Characteristics of Geomaterials, 3rd - 6th September
2023, Porto, Portugal, www.fe.up.pt/is-porto2023

Innovative Geotechnologies for Energy Transition, 12-14
September 2023, London, UK, www.0sig2023.com

SAHC 2023 13% International Conference on Structural Anal-
ysis of Historical Constructions “Heritage conservation across
boundaries”, 12-15 September 2023, Kyoto, Japan,
https://sahc2023.org/

XII ICG - 12th International Conference on Geosynthetics,
September 17 - 21, 2023, Rome, Italy, www.12icg-roma.org

2023 15% ISRM Congress, International Congress in Rock Me-
chanics Challenges in Rock Mechanics and Rock Engineering,
9+14 October 2023, Salzburg, Austria,
https://www.isrm2023.info/en/
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6th World Landslide Forum “Landslides Science for sustanai-
ble development”, 14 to 17 November 2023, Florence, Italy,
https://wlif6.or

D

World Tunnel Congress 2024
Shenzhen, China

China is the official host of the ITA-AITES World Tunnel Con-
gress 2024 and 50th General Assembly.

The General Assembly which took place on June 30th by
video-conference, has confirmed the candidacy of Shenzhen
to organise the WTC 2024.

(C- 4.0

XVIII European Conference on Soil Mechanics
and Geotechnical Engineering
25-30 August 2024, Lisbon, Portugal

Organiser: SPG
Contact person: SPG
Address: Av. BRASIL, 101

Email: spg@Inec.pt
Website: http://www.spgeotecnia.pt
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Mount Bolu: an interesting case study of a tun-
nel portal landslide in Turkey

On 2 April 2022 heavy rainfall triggered an economically sig-
nificant landslide in at Mount Bolu in Turkey. The landslide
occurred after a spell of rainfall that in places has fallen onto
snow. This is a recipe for landslides in upland areas.

The Mount Bolu Tunnel landslide is interesting though. It has
blocked four lanes of the D-100 road, a critical east-west con-
nection across the north of Turkey. This is an image of the
landslide:-

The aftermath of the landslide at Mount Bolu in Turkey.

This is an alternative view that shows the landslide source
more clearly, as well as some of the debris blocking the car-
riageway:-

The landslide at Mount Bolu in Turkey.

The site of the tunnel is at 40.7578, 31.4504. It is clearly
visible on Google Earth. The tunnel was completed in 2007.

There are some very interesting images online of the site of
this landslide prior to the 2 April 2022 landslide. This image
for example shows the tunnel portals and the slope above:-

The archive of Google Earth imagery does not seem to indi-
cate that further works have been undertaken to stabilise this
slope, although of course satellite/aerial imagery has limita-
tions. But on first inspection this is an ugly slope to be lo-
cated above a tunnel portal on such an important highway,
especially in a region that is seismically active.
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Archive image of the site of the Mount Bolu landslide, show-
ing the pre-existing landslide scarps.

The debris has taken 44 hours to clear, but the road has now
reopened. The images suggest that further works will be
needed on the slopes at this site, both in the scar of the 2
April 2022 landslide and on the slope to the left of it (as seen
in the images), which appears to be another potential land-
slide site.

Northern Turkey has been suffering from a wave of landslides
in recent days:-

<« Tweet

“ab Tolga Gorum
@TolgaGorum

Rapid snow melts have triggered more than 400
landslides in northern Turkey (in Bolu, Bartin, Samsun,
Ordu, and Trabzon) in the last week. This foehn effect
looks like will continue along the next week. Continue
the landslide watch. Video credit @ihacomtr

3,545 views 0:00/1:03 )

10:54 PM - Apr 3, 2022 - Twitter Web App

https://twitter.com/TolgaGorum/sta-
tus/15107073747802562567ref src=twsrc%5Etfw%7Ctw-
camp%5Etweetembed%7Ctw-
term%5E1510707374780256256%7Ctwgr%5E%7 Ctw-
con%5Es1 &ref url=https%3A%2F%2Fblogs.agu.org%?2Fla
ndslideblog%2F2022%2F04%2F05%2Fmount-bolu-1%2F

(Dave Petley / THE LANDSLIDE BLOG, 5 April 2022,
https://blogs.agu.org/landslideblog/2022/04/05/mount-
bolu-1)
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Dam failures caught on camera | Dam Failure
Compilation

9 Structural failures in dams, hydroelectric plants and spill-
ways from different parts of the world

o) 001/1536

https://www.youtube.com/watch?v=02vJC3 KLWI

15 Massive Dam Failures

Human engineering isn't perfect and sometimes mistakes can
happen. Today we're going to take a look at 15 of the largest
dam failures in human history.

https://www.youtube.com/watch?v=gSMXem81Vk4

3

Turkish Multiple Landslide Event Archive Inven-
tory

We have completed the Turkish Multiple Landslide Event Ar-
chive Inventory for the last three decades. This inventory,
prepared by @itul773, @AYBE, and @itugeohazard

Research Group, will contribute to a comprehensive under-
standing of the landslide hazard in Turkey.
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Tolga Gorum, @TolgaGorum, Apr 6, 2022-Twitter Web App
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Kithira island (in Southwest Greece)

This island is very close to the border of the Eurasian and
African tectonic plates, and as a consequence, many geolog-
ical events take place throughout time (e.g. earthquakes,
landslides, subsidences). A rockfall at Galani spring near the
village of Agia Pelagia (Eastern side of Kithira Island, Greece)
has been taken by a UAV in February 2019.

The place is located in the joint of two faults and is sur-
rounded by limestones and schists. A geotechnical investiga-
tion is taking place to find the appropriate mitigation
measures.

Nikolaos Tavoularis
Dr. Engineering Geology
NTUA, Greece

IAEG Connector E-News, 13.04.2022
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Scientists find evidence for biggest earthquake
in human history

The quake was so ruinous, humans fled the area for
1,000 years.

The earthquake sent waves as high as 66 feet 5000 miles
across the Pacific Ocean. (Image credit: Shutterstock)

Archaeologists have found evidence of the largest known
earthquake in human history — a terrifying magnitude-9.5
megaquake that caused a 5,000-mile-long (8,000 kilome-
ters) tsunami and prompted human populations to abandon
nearby coastlines for 1,000 years, a new study finds.

The earthquake struck about 3,800 years ago in what is now
northern Chile when a tectonic plate rupture lifted the re-
gion's coastline. The subsequent tsunami was so powerful, it
created waves as high as 66 feet (20 meters) and traveled
all the way to New Zealand, where it hurled car-size boulders
hundreds of miles inland, the researchers found.

Until now, the largest earthquake ever recorded was the
1960 Valdivia earthquake, which hit southern Chile with a
magnitude between 9.4 and 9.6, killing up to 6,000 people
and sending tsunamis barreling across the Pacific Ocean. The
rupture that caused the Valdivia earthquake was enormous,
extending as far as 500 miles (800 km) in length. But, as
scientists detail in research published April 6 in the journal
Science Advances, the newly discovered ancient megaquake
was even bigger, coming from a rupture roughly 620 miles
(1,000 km) long.

"It had been thought that there could not be an event of that
size in the north of the country simply because you could not
get a long enough rupture," study co-author James Goff, a
geologist at the University of Southampton in England, said
in a statement.

Like the Valdivia earthquake, the ancient quake was a mega-
thrust earthquake, the most powerful type of earthquake in
the world. These earthquakes occur when one of Earth's tec-
tonic plates gets forced, or subducted, underneath another.
The two plates eventually get locked into place by friction,
but the forces that caused the plates to collide continue to
build. Eventually, so much strain gathers that the point of
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contact between the plates rips apart, creating a gigantic rup-
ture and releasing energy in the form of devastating seismic
waves.

Evidence for the giant quake was found in marine and coastal
items — such as littoral deposits (boulders, pebbles and sand
native to coastal regions) and marine rocks, shells and sea
life — that the researchers discovered displaced far inland in
Chile's Atacama Desert.

"We found evidence of marine sediments and a lot of beasties
that would have been living quietly in the sea before being
thrown inland," Goff said in the statement. "And we found all
these very high up and a long way inland, so it could not have
been a storm that put them there."

To get a better sense of what brought these deposits so far
from the sea, the researchers used radiocarbon dating. This
method involves measuring the quantities of carbon 14, a
radioactive carbon isotope, found inside a material to deter-
mine its age. As carbon 14 is everywhere on Earth, deposits
easily absorb it while they form. The half-life of carbon 14, or
the time it takes for half of it to radioactively decay, is 5,730
years, making it ideal for scientists who want to peer back
into the last 50,000 years of history by checking how much
undecayed carbon 14 a material has.

After dating 17 deposits across seven separate dig sites over
370 miles (600 km) of Chile's northern coast, the researchers
found that the ages of the out-of-place coastal material sug-
gested that it had been washed inland some 3,800 years
ago.

Further evidence also came in the form of ancient stone
structures that the archaeologists excavated. These stone
walls, built by humans, were found lying beneath the tsuna-
mi's deposits, and some were lying backward, pointing to-
ward the sea, suggesting that they had been toppled by the
strong currents of the tsunami's backwash.

"The local population there were left with nothing," Goff said.
"Our archaeological work found that a huge social upheaval
followed as communities moved inland beyond the reach of
tsunamis. It was over 1,000 years before people returned to
live at the coast again, which is an amazing length of time
given that they relied on the sea for food."

As this is the oldest known discovery in the Southern Hemi-
sphere of an earthquake and tsunami devastating human
lives, the researchers are excited to probe the region further.
They think their research could better inform us of the po-
tential dangers of future megathrust quakes.

"While this had a major impact on people in Chile, the South
Pacific islands were uninhabited when they took a pummeling
from the tsunami 3,800 years ago," Goff said. "But they are
all well-populated now, and many are popular tourist desti-
nations. So when such an event occurs next time, the conse-
quences could be catastrophic unless we learn from these
findings."

(Ben Turner / LIVE SCIENCE, 19 April 2022,
https://www.livescience.com/biggest-earthquake-found-

chile)
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First Europe earthquake risk model: Balkan
countries most dangerous

During the 20th century, earthquakes in Europe ac-
counted for more than 200,000 deaths and over 250
billion euros in losses.

World Europe earthquake map

Comprehensive earthquake hazard and risk assessments are
crucial to reducing the effects of catastrophic earthquakes
because earthquakes cannot be prevented nor precisely pre-
dicted.

An international team of European seismologists, geologists,
and engineers, with leading support of members from the
Swiss Seismological Service and the Group of Seismology and
Geodynamics at ETH Zurich has; therefore, revised the earth-
quake hazard model that has existed since 2013 and created
a first earthquake risk model for the whole of Europe.

The 2020 European Seismic Hazard and Risk Models offer
comparable information on the spatial distribution of ex-
pected levels of ground shaking due to earthquakes, their
frequency as well as their potential impact on the built envi-
ronment and on people’s sense of wellbeing.

The newly released update of the earthquake hazard model
and the first earthquake risk model for Europe are the basis
for establishing mitigation measures and making communi-
ties more resilient. They significantly improve the under-
standing of where strong shaking is most likely to occur and
the potential effects of future earthquakes in Europe.

To this aim, all underlying datasets have been updated and
harmonised - a complex undertaking given the vast amount
of data and highly diverse tectonic settings in Europe. Such
an approach is crucial to establish effective transnational dis-
aster mitigation strategies that support the definition of in-
surance policies or up-to-date building codes at a European
level and at national levels.

Open access is provided to both, the European Seismic Haz-
ard and Risk Models, including various initial components
such as input datasets.

Earthquake hazard describes potential ground shaking due to
future earthquakes and is based on knowledge about past
earthquakes, geology, tectonics, and local site conditions at
any given location across Europe.

The advanced datasets incorporated into the new version of
the model have led to a more comprehensive assessment of
the earthquake hazard across Europe. In consequence,
ground shaking estimates have been adjusted, resulting in
lower estimates in most parts of Europe, compared to the
2013 model, and in the case of Switzerland closer to the na-
tional model.
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With the exception of some regions in western Turkey,
Greece, Albania, Romania, southern Spain, and southern Por-
tugal where higher ground shaking estimates are observed.

The updated model also confirms that Turkey, Greece, Alba-
nia, Italy, and Romania are the countries with the highest
earthquake hazard in Europe, followed by the other Balkan
countries. But even in regions with low or moderate ground
shaking estimates, damaging earthquakes can occur at any
time.

Furthermore, specific hazard maps from Europe’s updated
earthquake hazard model will serve for the first time as an
informative annex for the second generation of the Eurocode
8 (European standards related to construction). Eurocode 8
standards are an important reference to which national mod-
els may refer.

Such models, when available, provide authoritative infor-
mation to inform national local decisions related to develop-
ing seismic design codes and risk mitigation strategies. Inte-
grating earthquake hazard models in specific seismic design
codes helps ensure that buildings respond appropriately to
earthquakes.

These efforts thus contribute to better protect European citi-
zens from earthquakes.

Earthquake risk describes the estimated economic and hu-
manitarian consequences of potential earthquakes. In order
to determine the earthquake risk, information on local soil
conditions, the density of buildings and people (exposure),
the vulnerability of the built environment, and robust earth-
quake hazard assessments are needed. According to the
2020 European Seismic Risk Model (ESRM20), buildings con-
structed before the 1980s, urban areas, and high earthquake
hazard estimates mainly drive the earthquake risk.

Although most European countries have recent design codes
and standards that ensure adequate protection from earth-
quakes, many older unreinforced or insufficiently reinforced
buildings still exist, posing a high risk for their inhabitants.

The highest earthquake risk accumulates in urban areas,
such as the cities of Istanbul and Izmir in Turkey, Catania,
and Naples in Italy, Bucharest in Romania, and Athens in
Greece, many of which have a history of damaging earth-
quakes.

In fact, these four countries alone experience almost 80% of
the modelled average annual economic loss of 7 billion Euros
due to earthquakes in Europe.

However, also cities like Zagreb (Croatia), Tirana (Albania),
Sofia (Bulgaria), Lisbon (Portugal), Brussels (Belgium), and
Basel (Switzerland) have an above-average level of earth-
quake risk compared to less exposed cities, such as Berlin
(Germany), London (UK), or Paris (France).

A core team of researchers from different institutions across
Europe, including the leading support of members from ETH
Zurich, worked collaboratively to develop the first openly
available Seismic Risk Model for Europe and to update Eu-
rope’s Seismic Hazard Model.

They have been part of an effort that started more than 30
years ago and involved thousands of people from all over Eu-
rope. These efforts have been funded by several European
projects and supported by national groups over all these
years.

Researchers from the Swiss Seismological Service (SED) and

the Group of Seismology and Geodynamics at ETH Zurich led
many of these projects.
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The SED is also home to EFEHR (European Facilities for Earth-
quake Hazard and Risk).

EFEHR is a non-profit network dedicated to the development
and updating of earthquake hazard and risk models in the
European-Mediterranean region.

ETH Zurich thus holds a central hub function for data collec-
tion and processing, open access to earthquake hazard and
risk models including all basic data sets, and knowledge ex-
change.

(Christian Fernsby / POST ONLINE MEDIA MAGAZINE, April
29, 2022, https://www.poandpo.com/in-the-mean-
time/first-europe-earthquake-risk-model-balkan-countries-
most-dangerous)
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Mo10 OTOIXEIO «DEIXVEI>» EVOEXOHUEVO CEICHO Kal
TI oupBaivel oTov Kopiveiako KoAno -
Eidikoi €§nyolv

Ti deixvel épeuva EAAAVOV €NICTNHOVOV

AVTIKEIMEVO €pEuvac enoTNHOVWY ano Tnv EAAGda kai Tig HMA
anoTeAel N NOAUTEANG MEAETN TwV HETABOA®V TNG £dAQIKNG
OUYKEVTPWONG Tou padoviou wG NpodpOHoU PAIVOUEVOU TWV
OEIOPWY, ME TOUC €PeUVNTEC va e€oTialouv oTov KopivBiakd
KoAno.

EId1kOTEpa oTNV NEPINTWan Tou AvaToAikoU KopivBiakou KO-
nou, dianioTwBnke otadiakr au&non Tou padoviou KATa TNV
nepiodo Npiv anod Toug OEICHOUG, anoToun NTwaon AiYEG NUEPEC
npiv KAl oTn ouveéxela otabeponoinon o€ €va VEo eninedo HE-
Xp! va apxioel kal naAi n otabepr avodog.

O1 gpeuvnTEG, ME €NIKEQAANG Tov dpa B.K. KapaoTdbn, ava-
nAnpwTn S1euduvTh Tou MNewduvapikoU IvoTiToUuTou Tou EBvI-
koU AcoTtepookoneiou ABnvwv (EAA), €kavav oTn OXeTIKN On-
Joaoisuon oTo nepiodiko "Nature Reports". STnv €pguva oup-
JeTeixav €niong ol "Akng ToeAévtng, Mwpyog EAeuBepiou
kal Euayyehog MoulakiwTng Tou Mewduvapikou IvoTiToUuTou
Tou EAA, o1 yew@uolikoi Mnvag Ka@aTog kal NTigirap
Oulouvop and To KoAAgéyio Emomiung kair TexvoAoyiag
Schmid Tou MavenioTnpiou Toanuav oTnv KaAipdpvia, kKabwg
eniong o Kavapng Toiykavog, OWOTIHOG KaBnynTng Tou
TuRuaTog ®u-aikng Tou EKNA.

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

To EBvIkO AoTepoakoneio ABnvav diaTnpei Tnv TeEAeuTaia nev-
TaeTia dikTUO PAdIOUETPIK®WY OTABUWV akTivoBoAiag-y, ol o-
noiol gival TonoBeTnuévol og BaBog oTo £€dagog, oe JIAPOPEG
B€oeig TNG AuTikng EANGSag, Twv Ioviwv viiowv, Tou AvaToAi-
koU KopivBiakou kOAMou kal TnG KpAtng. H véa enioTnUovikn
dnuooisuon nepIAaPBAVEl KUPIWG Ta anoTeEAECUATA NOU APO-
poUv oTn oeiopikn {wvn Tou AvaToAikoU KopivBiakoU KOAMou.

Av Kkal ol peTaBoléc Tou padoviou €xouv npoTadei edw kai de-
KAETIEG WG NPOJPOUO PAIVOUEVO CEICUWYV, DV £XEl €EnynBei
ENAPKWG O PNXAVIOUOG Nou JIENEl TO PpaivOPevo, aAAd Kal To
YEYOVOG OTI KAMOIEG NEPIOXEG €ival MO €UAICONTEG O€ TETOIEG
METABOAEG AN TIG YEITOVIKEG TOUG.

O1 €peUVNTEG NPOTEiVOUV OTI Ol METAPBOAEG TNG £DAPIKAG OUY-
KEVTPWONG padoviou akoAouBoUv £va CUYKEKPIPEVO Xapa-
KTNPIOTIKO WOTIBO, Nou akoAouBei Tn PETABOAR TNG GUYKEV-
TPWONG TWV TEKTOVIKWV TACEWV O Wia nepioxn. H peAéTn e-
Enyei o peydAo Babuod, YECW EVOG NMPOTEIVOUEVOU HOVTEAOU
Babiag udpoyewAoyiag, TNV NPOVOUIAKN KATAYpA®r Of YEW-
BepUIKEG BETeIC, aAAG Kal TN CUOXETION WE anoTeEAETUATA €p-
YyaoTnpIiak®Vv NeIpapaTwy.

Av kal and Ta npwTa oTadia Tng €peuvag dianioTwbnkav oa-
Peic evdeifeig yia TNV Unap&n evog xapaktnpioTikoU HoTiBou
otnv kUpavaon Tou €dagikol padoviou npiv Toug aeiopoUg, ol
€PEUVNTEC MPOTIUNOAv va eniBeBalmwoouv NOAAANA®G TNV U-
nap&n Tou QaivouEvou, £T0I WOTE va UNApxel uwnAn a&oni-
oTia OTIG NApPaTNPROEIC TOUG YIa £va TOCO ONUAVTIKO EPEUVN-
TIKO B€ua, nou apopd aueoa kal TV Koivwvid. Ol YEWPUOIKEG
napaTtnpnosig anodolnkav Pe acPAAEIa OTIC TEKTOVIKEG dlgp-
Yyaoieg, apou eEeTACOTNKE eVOEAEXW™G Kal N onoladnnoTe midavn
€MIPPON TWV ATHOOPAIPIKOV NAPANETPWV OTIC PUETPNOEIG.

(The LiFO team / 3 AnpiAiou 2022,
https://www.lifo.gr/now/tech-science/poio-stoiheio-deihnei-
endehomeno-seismo-kai-ti-symbainei-ston-korinthiako-

kolpo)
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Abstract

Our observations indicate a characteristic pattern in the long-
term variation of soil radon concentrations, which seems to
be consistent with the expected variation of regional stress
in relation to seismicity. However, it seems that the major
changes in radon level begin before the rock rapture, i.e. be-
fore the earthquake occurs. These conclusions have emerged
after long-term observations with continuous and thorough
real-time gamma-radiation monitoring in the seismically ac-
tive area of the Gulf of Corinth, Greece. The recordings ac-
quired close to a hot spring were of very high quality, imply-
ing that the deep hydraulic flow can possibly play a key role
in the pre-earthquake variation of radon level. We were able
to observe outstanding examples of radon level variations
before significant seismic events in the Gulf of Corinth that
cannot be attributed to other external factors such as atmos-
pheric phenomena.

Introduction
The human attempt to forecast earthquakes through the ob-
servation of precursory phenomena began from the early his-

toric times. Apollonius Paradoxographus (Historiae mirabiles
5), Cicero (On Divination, Book I, 50) and Diogenes Laértius
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(I. 116) report the case of Pherecydes, the famous teacher
of Pythagoras, who successfully predicted that an earthquake
was to occur at three days, by examining water from a well.
Besides that, Cicero mentions that Anaximander, a student
of the Greek philosopher Thales of Miletus, in 550 BC, warned
the inhabitants of Sparta, of an upcoming strong earthquake,
and since they stayed all night outside their homes, they saw
their city being completely destroyed (Cicero, On Divination,
Book I, 50). Pausanias also extensively describes the exist-
ence of precursor phenomena before earthquakes when he
reports the strong event of Helice in 373 BC (Pausania,
Achaika, 24-7).

As huge disasters and losses in human lives often occur due
to earthquakes, even in economically developed countries,
human societies will persistently strive to succeed in success-
fully forecasting earthquakes. Although these efforts have
not reached their ultimate target so far in achieving system-
atic, reliable and accurate short-term prediction, they are
continued and intensified in recent years. Nowadays, con-
temporary technology is providing new means to explore and
study possible earthquake precursors with new-found vigor.

The general principle and philosophy of the effort for short-
term earthquake prediction is based on the consideration that
such a large-scale phenomenon involves a considerable time
and space of preparation depending on its magnitudel-2.
Within this process and based on the dynamics of the plate
tectonics, the potential cause for the creation and occurrence
of the "precursor phenomena" is the significant change in
stress, developed before the rupture3. Since an earthquake
is proven to be related with various other physical fluctua-
tions (such as gas emission, geodetic, electromagnetic etc.),
it is also clear that it is not only limited to its "mechanical" or
"dynamic" nature but also causes a number of other phenom-
ena, several of which are well documented with numerous
measurements4'5:6. A concise and thorough presentation of
the earthquake precursors has been compiled by Cicerone et
al.7 Of all, perhaps, the precursory phenomena that have
been proposed, the variations in the noble radioactive gas
Radon (222Rn) is what has undoubtedly been the most-dis-
cussed in the past, with extensive literature and a wealth of
data. Despite the fact that first evidence came quite early,
and rather unintentionally, when just after the Uzbekistan's
Tashkent earthquake in 1966, Soviet scientists correlated the
radon changes with the associated seismic events se-
quence8 and in spite of intensive research efforts in the dec-
ades that followed, this pre-earthquake process has not yet
been exploited as an actual earthquake forecasting tool.

In related literature, there are many publications that claim
to describe some connection between radon variations and
upcoming earthquake events; however, such an association
has been well documented only in a limited number of cases.
Experimental research has shown a particularly important
and direct dependence of radon changes on external factors
such as variations of pressure, wind, temperature, etc9:10.
Since atmospheric variations occur on both, a daily and a
seasonal basis reaching occasionally extreme levels, moni-
toring of all atmospheric parameters and a long-term corre-
lation with the soil radon concentration is necessary. The
problem of assessing an anomaly and attributing it to an
earthquake becomes even more difficult, if we take into con-
sideration the fact that the choice of the occurrence time of
the precursor phenomenon is quite arbitrary, without any
specific rule. If, in simple terms, there is an anomaly in radon
concentration, before weeks or just a few hours before an
actual earthquake, scientists could possibly interpret it as a
precursor of this event. It is, therefore, obvious that a long-
term time series of radon concentration measurements is re-
quired, in different locations, in order to clarify the correlation
between radon variation and other external factors before fi-
nally interpreting correctly an actual signal. Systematic stud-
ies have been carried out in the past with extended networks
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in Japan, China and other countriesll. Observations are of-
ten reported for earthquakes very distant from the epicenter,
where no significant changes of stress are expected2:12 and
also gas transfer to large distances could not be realistic due
to the short half-life of radon (3.82d)13. Additionally, con-
current radon recordings appear to have strong local features
i.e. two relatively neighboring radon stations may considera-
bly differ in measurementsl4 as is the case with most
preseismic signals that exhibit "response heterogeneity"15.

According to the theory of the dilatancy-diffusion model
31617, variations in the stress field and growth of cracks in
rocks are proposed as the main reason of changes in radon
concentration. Giardini et al.18 have also been led to similar
findings for other gasses in the earth’s crust. Experimental
data obtained under low and high level filling of the Roselend
reservoir in the French Alps support this hypothesis quite well
19. Besides, data from the Izu-Oshima-kinkai earthquake
(M7.0) on January 14, 197811 showed that the measured ra-
don changes were consistent with the deformation measured
by strainmeters and also with the temperature and level var-
iations of the aquifers. Similar work has been done for radon
measurements in the atmosphere in the case of the Kobe
earthquake, in 199520'21:22:23. Although the relation be-
tween stress and radon concentration in the reservoir exper-
iments appears to be possible, the values of the induced
stresses were small and not much larger than 1 bar/10 m of
water depth. Based on this, Roeloffs24 proposed a nonlinear
behavior of rock mass at low stresses that is mainly domi-
nated by deformation of fluid-filled void space, including
cracks and faults.

Rikitake and Hamada2 proposed that no precursor has been
observed with crustal strain under the threshold value of
107°. However, this limit is by far smaller than the respective
one of the regular geodetic monitoring of precursory land de-
formation which is not better than 1077. The extent of this
zone of land deformation prior to the earthquake is expected
to be very small25. It is clear that even if the most sensitive
instruments were used, such as high-resolution strainmeters,
in order to monitor a possible strain due to the aseismic fault
slip near the earthquakes nucleation point, this would have
to be performed within a small radius of just a few kilometers
from the epicenter24.

From the research work of Kawada et al.20 it was shown that
the increase in radon before strong earthquakes can be re-
lated to crustal deformation, cumulative Benioff strain and
porosity change which is a critical parameter for radon mi-
gration.

The relation between stress and radon variation has been in-
vestigated also on laboratory scales26:27'28. Holub and
Brady27 showed that a uniaxial compression on a granitic
rock sample proportionally increases the exhalation of radon-
222 that comes out from the pore space before any cracks
are appeared and off course before the rupture of the rock
sample take place. In their experiment a decrease in emana-
tion was measured during the initial loading that was at-
tributed to the closure of the existing cracks. The pressure
that led the sample to failure increased the radon emanation
up to 120% since with half pressure the radon increase
reached the 50%. It is worth noting that after the failure, a
level 5% has remained higher than what it was in the pre-
experiment state. The experiment finally produced a charac-
teristic curve of radon variation with respect to stress.

The question remains nevertheless, weather there is any sim-
ilarity between soil radon measurements and those measured
in the laboratory. Jiang and Li29 also worked on granite sam-
ples under uniaxial stress and found that the radon emana-
tion began to increase before failure. Furthermore a major
increase in radon emanation occurred during the rupture.
However, their experiments with limestone and basalt sam-
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ples with low uranium (UsOsg) and thorium (ThO2) concentra-
tions under similar loading conditions didn’t produce similar
results. King and Luo28 showed a possible correlation be-
tween radon emanation and stress by conducting experi-
ments on concrete, which is very porous in comparison to
granites and could better resemble materials encountered in
tectonic structures and faults and suggested that the increase
can be mostly attributed to the creation and development of
axial dilatant microcracks which tend to increase the surface
area for gas emanation and permeability. The development
of axial dilatant microcracks has been proposed as pre-earth-
quake process by Thomas30.

In this article we present examples of clear changes in soil
radon concentration before earthquakes. We further investi-
gate whether these recorded anomalies follow a specific pat-
tern, which may be related to changes in stress. We also ex-
amine whether these anomalies are recorded simultaneously
with similar characteristics in neighboring stations. Our ulti-
mate goal is to test the validity of a possible direct connection
of the radon anomaly with stress changes.

In order to monitor the variation of soil radon concentration
before strong earthquakes, we installed 6 recording stations
at high seismicity areas such as the eastern part of the Gulf
of Corinth and also at the Hellenic trench in Western Greece
(Fig. 1). The active tectonic structures of the Greek region
constitute an ideal natural laboratory for the research of
earthquake precursors. The investigation of the physical pro-
cesses that determine the occurrence of such phenomena
contributes crucially to a deep understanding of the geody-
namic regime of these active regions. This understanding
continuously improves the practices for a proper seismic haz-
ard assessment of areas in direct proximity to big urban cen-
ters and highly important energy and industry infrastruc-
tures. The Gulf of Corinth and its broader area has much suf-
fered in the past by many catastrophic and lethal earth-
quakes. Knowledge of the precursor phenomena can contrib-
ute decisively to earthquake forecasting.

20" 21 22" 23 24"

Figure 1 The gamma-ray station locations of the real-time
network of NOA for soil radon concentration measurements
(red triangles). Older station locations are also shown
(white triangles). The alpha-particle station for Rn monitor-
ing in the air is shown with green triangle. The region in the
red rectangle includes the investigation area. The figure has
been created by the “Generic Mapping Tools” GMT5.0 soft-
ware (https://www.generic-mapping-tools.org/).

The installation of these stations began in May 2016 and in
all sites a real-time monitoring has been established. In the
areas selected, significant fault zones with dense faulting
have been identified by geophysical surveys31-32. The first
stations of the network were installed in the areas of Methoni
(MET), Kyparissia (KYP) (it was recently moved 25 km to the

TA NEA THZ EEEEI'M - Ap. 162 —-AlPIAIOZ 2022

north at a neighboring geothermal site ~KAI) and Zakynthos
island (ZAK). The network was later extended with two other
stations, in Loutraki (LUT) and Psatha (PSA), in the region of
the Eastern Gulf of Corinth. This area is of high seismic po-
tential with a series of three major earthquakes of magni-
tudes M6.7, M6.4 and M6.3 occurred at 2/24/1981, 2/25/
1981 and 3/4/1981. The region has major faults and has not
been very active in recent years. Since 2019 a new Radon
monitoring station has been established in Ithaca (ITH). The
radon network was mainly based on NaI(Tl) scintillation de-
tectors for gamma spectrometry. An alpha-particle station
has been also installed in Athens for measuring the radon
concentration in the air of a small tunnel (ATH). More infor-
mation about the instruments is given in the chapter of Meth-
odology.

Conclusions

An important observation that can be deduced from the cases
we examined is that the radon variation observed along with
seismicity follow a pattern similar to the stress accumulation
cycle.

The form of the anomalies has features in common with sev-
eral other anomalies reported in the literature such as this of
the earthquake of Tashkent in 19668. In the case of the ex-
tensional field of the Gulf of Corinth, a gradual increase was
found in the quiescent period before the event, a sharp drop
few days before the earthquake, then a stabilization at a new
level until the steady rise begins again. The sharp drop in
radon level before the rupture can be judged from micro-
cracking development and the flow of radon in the activation
zone that stops with the earthquake and then will relieve the
extensional tenses and will stop a further radon decrease.
The anomalies recorded present similar characteristics with
the ones observed in laboratory experiments on samples un-
der compressive stress27:29, however they are of reversed
polarity, which may be due to the nature of the extensive
field of the study area.

Differences in recording between two neighboring stations,
only one of which was installed above a fault that hosts a
hydrothermal flow, suggest that deep hydrogeology may play
a key role in the measurements. It is possible that the various
segments of the fault zone are hydrogeologically connected
to each other but also to sites with geothermal manifesta-
tions. A station installed near this fault zone’s network can
detect stress changes that occur in any part of it.

From the observations made at the stations of the Gulf of
Corinth, it became clear that the radon changes that were
detected were mostly related to the local fault zones and not
distant strong events, even if they were within the radius de-
fined by Dobrovolsky et al.1. This in our view is an important
conclusion that can assist in the future to follow seismic
events in the area and applied to other regions in Greece.

Karastathis, V.K., Eleftheriou, G., Kafatos, M. et al. Observa-
tions on the stress related variations of soil radon concentra-
tion in the Gulf of Corinth, Greece. Sci Rep 12, 5442 (2022).
https://doi.org/10.1038/s41598-022-09441-0
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How tall will Mount Everest get before it stops
growing?

Arching over 8,849 metres (29,032ft) into the sky,
Everest is the world’s tallest mountain. But will it al-
ways be?

Harriet Constable

Aurora Elmore was approaching Mount Everest's South Base
Camp in Nepal. But rather than taking the traditional 12-day
hiking route, she was soaring between the frozen peaks, the
rotor blades of her helicopter slicing through the thin air with
a whap, whap, whap.

It was April 2019, and she was delivering supplies to a team
of scientists working on the slopes of the world's tallest
mountain. Her reward was a spectacular view: the day was
crystal clear, exposing the entire Himalayan range.

Over the next two months, researchers on the National Geo-
graphic and Rolex expedition she helped to organise would
study the effects of climate change on this part of the Hima-
layas. EImore, a geologist and at the time senior programme
manager of the National Geographic Society in the US, sup-
ported the team installing the world's highest weather station
on the flanks of Mount Everest. During the course of their
expedition, her colleagues discovered the world's highest ev-
idence of microplastic pollution in snow and stream water
close to the summit.

Gliding closer to Everest's iconic peak, ElImore got a bird's-
eye view of them. A miniature city of green and yellow tents,
each sheltering mountaineers headed for the top, had formed
at Everest Base Camp more than 5km (3 miles) above sea
level. Thousands flock to Everest every spring to make an
attempt to reach the roof of the world.

And while few of the climbers would have noticed, Everest
grew a tiny bit bigger during their time on the mountain.

Mount Everest, along with the rest of the Himilayas, inches
further skyward every year. It raises an interesting question
- with enough time, just how tall can Mount Everest grow?
There are mountains on other planets in our Solar System
that dwarf those on our own, so are there limits to how big a
mountain can get on Earth?

Mount Everest towers 8,848.86m (29,032ft) above sea level,
according to the most recent official joint survey by China
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and Nepal, whose borders run across its summit. But it isn't
the only giant in these lands - 10 of the world's 14 peaks
higher than 8,000m (26,247ft) above sea level can be found
in the Himalayan range. Everest, Elmore says, is among
friends. "If you've ever flown over Greenland or the Canadian
Rockies you can see big mountains, but [the Himalayas] are
just on another level," she says.

At more than 8,848m (29,032ft) tall, Mount Everest towers
over the other giants in the Himalayas

Surrounded by so many other enormous peaks, is it possible
to discern just what a monster Everest is? EImore hesitates
before answering. "It's kind of like trying to tell the tallest
person on a basketball team," she says finally. "They're all
tall, but which one is the teeny [bit taller]?"

The history of measuring the tallest mountain in the world
stretches back to 1852. In Europe, Charles Dickens was pub-
lishing serialised instalments of his novel Bleak House. North
America had started testing its first steam-powered fire en-
gine. In Asia, the height of Mount Everest was a mystery. It
was known only as "Peak XV". Radhanath Sikdar, an Indian
mathematician, had been employed by the British to work on
their Great Trigonometrical Survey. They wanted to gather a
more accurate geographical picture of the territory they were
occupying so they could control it more effectively, be it for
trade or military purposes.

Sikdar used trigonometry. He measured the horizontal and
vertical angles of Everest's summit from other mountaintops
whose positions and heights were already known. In doing so
he made a momentous discovery: the tallest mountain ever
recorded. According to his calculations, the mountain stood

at 8,839.8m (29,002ft) tall.

The main routes up Mount Everest have now become so
popular with climbers that long queues can form

Though the technology behind measuring mountains has ad-
vanced since the 1850s, his figure was astonishingly accu-
rate, just nine metres off the latest official height. Despite
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Sikdar's findings, the mountain eventually was named after
his previous boss, British surveyor Sir George Everest, who
had retired several years before Sikdar's discovery.

Since then, teams have continued to work to understand
Mount Everest's height. In 1954 an Indian survey determined
Mount Everest to be 8,848m (29,029ft) tall, a figure which
was accepted by the Nepalese government. But then, in
2005, the Chinese measured it at 8,844.43m (29,017ft) -
nearly four metres (13ft) lower. In 2020, teams from China
and Nepal jointly agreed upon a new officially accepted height
that was 0.86m (2.8ft) higher than the Survey of India's orig-
inal calculation.

While these changes in the measured height are partly due
to improvements in the measuring technology available to
surveyors, there has also been some politics involved. China
and Nepal historically have argued over whether the snow
cap on the summit should be included in the measurement
or not.

But we mustn't ignore that Everest also grows a tiny little bit
taller every year too.

Once, the craggy limestone peaks that skim the sky of Ever-
est were on the ocean floor. Scientists believe it all began to
change about 200 million years ago - at around the time the
Jurassic dinosaurs were beginning to emerge - when the su-
percontinent of Pangea cracked into pieces. The Indian con-
tinent eventually broke free, journeying north across the vast
swathe of Tethys Ocean for 150 million years until it smacked
into a fellow continent - the one we now know as Asia -
around 45 million years ago.

The crushing force of one continent hitting another caused
the plate beneath the Tethys Ocean, made of oceanic crust,
to slide under the Eurasian plate. This created what is known
as a subduction zone. Then the oceanic plate slipped deeper
and deeper into the Earth’s mantle, scraping off folds lime-
stone as it did so, until the Indian and Eurasian plates started
compressing together. India began sliding under Asia, but
because it's made of tougher stuff than the oceanic plate it
didn't just descend. The surface started to buckle, pushing
the crust and crumples of limestone upwards.

And so the Himalayan mountain range began to rise skyward.
By around 15-17 million years ago, the summit of Everest
had reached about 5,000m (16,404ft) and it continued to
grow. The collision between the two continental plates is still
happening today. India continues to creep north by 5cm (2in)
a year, causing Everest to grow by about 4mm (0.16in) per
year (although other parts of the Himalayas are rising at
around 10mm per year [0.4in]).

But understanding how and why Everest's height changes is
more complex than just this. While plate tectonics push the
summit higher into the sky, erosion claws away at it.

To understand this process better, scientists studied another
mountain some 8,700km (5,405 miles) away from Mount Ev-
erest, in Alaska.

Rachel Headley, an associate professor of geosciences at the
University of Wisconsin-Parkside, was part of a scientific ex-
pedition to Mount Saint Elias on the border of Alaska and
Canada between 2005-2008. The mission intended to under-
stand the complex roles of tectonics and erosion in how
mountains grow and shrink. The second largest mountain in
both Canada and the US, Saint Elias faces the same effects
as Everest, from tectonic activity to erosion, but across a far
smaller, more manageable area. "In that region, Alaska,
there were very particular weather patterns that had helped
these large glaciers grow," Headley says. "And then both
glaciers and rivers, landslides, and avalanches were all kind
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of the processes that connected to tear them down."

Headley's role on the team was to understand the thickness
of the Seward Glacier, which runs through the Saint Elias
mountains, and how fast it was moving. Both can impact the
rate of erosion, which can affect how quickly a mountain's
height is worn away. "If we have a thinner glacier, and it's
moving super fast... we know there has to be some sliding,
which we think is really important for erosion," she says.
"Sliding" can cause glacial abrasion, which is when the glacier
drags rock fragments across the surface as it moves, creating
a sandpapering effect.

Weather can also cause significant erosion to a mountain.
Elmore describes one of the weather stations she helped in-
stall during the 2019 Mount Everest expedition as being
"damaged by rocks the size of cricket balls that were picked
up by the wind and thrown at it". Buffetting by debris and ice
picked up by the wind takes its toll after a while.

Whatever its official height is, Mount Everest inspires awe in
most who stand in its shadow

Many of the highest peaks in the world, including Everest,
have permanent snow caps that help protect them from this
wind-blown barrage. Rock covered in a soft blanket of snow
suffers less weathering and erosion than bare rock, says
Headley. It also protects the rock from chemical reactions
with the air that can gradually degade the minerals in the
limestone that comprises much of the uppermost parts of
Mount Everest. But there are still places where the rock is
exposed to the elements.

"For a tall mountain range, you can basically get to such a
steep angle in the rock that it can't actually support ice, and
snow, and then you start to get avalanches, and you get bare
rock," says Elmore. Rock falls and land slides - a constant
hazard on Everest and the surrounding area - both play a
role in shaving away at Everest's height, and rivers too. They
have been estimated to be cutting gorges into the rock at a
rate of between 4-8mm (0.2-0.3in) a year.

But the exact impact erosion has on a mountain's height is
still to be understood. Some scientists believe that reducing
the weight of a mountain (by taking away the snow, ice and
rock it's made of) might actually allow the tectonic plates to
push the, now lighter, mountain even further into the sky.

Headley's colleague Terry Pavlis, who was the lead investiga-
tor on the St Elias Erosion Tectonics Project (Steep), explains
that, on a large scale, "erosion attacking a landscape allows
it to rise up".

In some parts of the world, entire landmasses are still rearing
up after the last ice age - something known as isostatic re-
bound. Parts of North America and northern Europe, include-
ing Scotland, are rebounding after the rocky crust there was
squashed by enormous continental ice sheets that waxed and
waned during the Pleistocene. According to one study by re-
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searchers at Germany's University of Postdam, up to 90% of
the uplift in the European Alps can be explained by this sur-
prisingly elastic response to the end of the ice age. Experts
believe similar glacial isostatic rebound may have taken place
on the Tibetan Plateau and in the Himalaya as the ice age
glaciers receeded - contributing between 1-4mm (0.04-
0.16in) a year to the uplift.

"But there's some kind of equilibrium between how fast that
landscape can erode and how high those peaks can get," adds
Pavlis.

The exact details of this equilibrium are still being explored.
In a region like the Appalachians in north-eastern North
America, or the Scottish Highlands, erosive forces like rivers
and landslides are cutting mountains down lower and lower,
Headley says. "But in regions with tectonic activity, the tec-
tonic force can be driving the mountains up slower, faster, or
at around the same rate as the erosion is cutting it down. We
don't fully understand all the drivers in those types of sys-
tems."

s

The most recent official height for Mount Everest was
agreed following Chinese and Nepalese surveying expedi-
tions to the summit

So how are mountains actually measured nowadays? One of
the most common instruments used is the Global Navigation
Satellite System (GNSS), which records the precise position
of the mountain peak using a network of satellites. GNSS can
"measure heights to the millimetre," according to Pavlis. The
challenge, for a mountain like Everest, has always been the
weight of the equipment. "It's hard enough to get to the peak
- try adding a 30lb (13kg) instrument," he says.

A helicopter taxi to the top with the heavy luggage is out of
the question - the thin air around Everest's summit means
the engine can't produce enough power and there's too much
drag from the rotor blades to operate safely. The strong
winds and jagged creeks also make touching down anywhere
near the summit dangerous. One helicopter pilot did set a
world record by touching down briefly on top of Mount Ever-
est in 2005, but only after the manufacturer stripped it bare
of every unessential item to make it feather light.

Luckily, GNSS systems have gotten smaller over the years.
Now they weigh more like 1.2kg (2.6lbs) and are "about the
size of a lunchbox, maybe a little smaller", says Pavlis. But
the devices still need batteries, which can struggle in cold
temperatures. The average temperature at the summit of Ev-
erest during the summer monsoon months is a balmy -19C.
And there are other complications too. "There's an antenna
that's about, you know, half a metre in diameter. And those
have to be set up somehow so that they are absolutely sta-
tionary," Pavlis explains.

To gather millimetre-accurate results the instrument then
has to record for several hours. In the thin air of Everest's
"death zone", operating these instruments can be hazardous
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for surveyors. Members of a Nepalese expedition to take
GNSS measurements on Everest in 2019 spent two hours on
the summit - far longer than most who make their way there
- after arriving at 03:00 in the pitch black and biting cold.

Another option, often used in addition to GNSS for the most
accurate readings, is Ground Penetrating Radar (GPR). "GPR
uses radar pulses to image below the surface, so it can tell
us the thickness and internal structure of snow and ice over-
lying the rocks on Everest's summit," says EImore. "There's
something like 4m (13ft) of snow and ice on the top of Mount
Everest, but that can change depending on the cli-mate."

While Elmore and her team were conducting their own scien-
tific experiments on Everest they leant the Nepalese ex-pedi-
tion a GPR device so they could take measurements from the
summit. "It had to be a specific design of GPR, one that was
super lightweight so [it could be carried] to the top of Ever-
est, but that also had the right transmitter and receiver to
measure the ice," says ElImore. The device had recently been
used at the summit of Denali, the tallest mountain in the US,
so they knew it was up to the job.

Despite the many hurdles they faced, the Nepalese team's
expedition to measure the height of Everest was successful.
They had hoped to answer questions about whether a deadly
7.8 magnitude earthquake that hit Nepal in April 2015 had
affected Mount Everest's height. Initial reports indicated the
mountain had shifted 3cm (1.9in) to the south-west by the
large earthquake, which killed 9,000 people and damaged
hundreds of thousands of homes, but had not changed its
height.

The project, however, soon became muddied with interna-
tional politics. A few months later a team of Chinese survey-
ors conducted their own measurements during an expedition
from the other side of the mountain. They had their own fig-
ure, which didn't include the snow cap. The Nepalese figure,
on the other hand, did. In October 2019, the two countries
decided to combine their data and in_December 2020 they
released the figure for the new official height - 8,848.86m
(29,032ft), including the snow on top.

As China and Nepal found, deciding exactly what you meas-
ure, and how you measure, is fundamental to establishing a
mountain's height. For example, to agree upon how tall a
mountain is, we must first agree on where the bottom is. But
that's not as easy as it might sound.

The Himalayas began rising around 45 million years ago as
the Indian and Eurasian continental plates collided

For centuries mountains have been measured using sea level
as the base from where their height is calculated. But the
Earth is not perfectly round: it bulges along the equator. And
sea level isn't static, it is pulled and changed by our planet's
gravity. Plus, Everest isn't sticking out of the ocean, it's nes-
tled among a landscape of other mountains. Many complex
calculations have to be done to establish where sea level
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would actually be, and Everest's relative height to it. When
that starting point is changed, everything changes.

But let's say scientists started their measurements from the
core of the planet instead. Everest would no longer be con-
sidered the tallest mountain on Earth. The mountain that
measures the greatest distance from the centre of Earth to
its peak is Chimbarozo, in Equador at 10,920m (35,826ft).
What about starting from the seabed? The accolade of tallest
mountain would then go to Mauna Kea, a volcano in Hawaii
that arches 10,000m (32,808ft) from the ocean floor.

Looking beyond our own planet, we can see examples of just
how enormous mountains can become. Olympus Mons, a vol-
cano on Mars, towers 21km (19.2 miles) into the sky and
stretches 624km (388 miles) wide. It is roughly the size of
the state of Arizona. Because gravity on Mars is weaker than
on Earth, and because Mars doesn't have tectonic plates
shifting and colliding beneath the surface, the ooze of lava
that flowed out of the Martian volcano in the planet's past
was able to grow to monstrous proportions.

Could Everest become a similar giant? In the 1980s, a re-
searcher at the Cavendish Laboratory in Cambridge, UK, at-
tempted to estimate what such a limit might be on Earth,
taking into account the strength of gravity and the strength
of the rock underlying the mountain. The calculations, which
made "no presensions to serious geophysics" estimated the
theoretical maximum height of a mountain range with a gran-
ite base - as Mount Everest largely has - to be 45km (28
miles) on Earth.

But there are a number of barriers — apart from our planet's
relentless weather - that might stand in the way of this, ac-
cording to Headley. For starters, "you would eventually run
out of your tectonic forces, and then it would stop growing",
she says. Scientists believe that eventually the Earth's man-
tle will cool to such a degree that the planet-wide dance of
plate tectonics will end. Until then, earthquakes and land-
slides will also erode away the mountain too.

"At some point, [the mountain] becomes so steep that it's
unstable and chunks start falling off," Elmore says.

With the wind, snow and ice buffeting, cracking and splitting
the rock, Everest is unlikely to ever reach the sizes seen on
Mars. "We have our weather systems, and weather is really
good at creating erosional forces," Headley says. "Basically,
the fact that we have water, whether in the form of ice or
snow, or just rain, is what really can limit mountain growth."

For now, Everest keeps edging, bit by bit, into the sky as
other forces try to tear it down. Elmore's 2019 team discov-
ered global warming was yet another of these, driving con-
siderable thinning of the snow and ice on the upper reaches
of the mountain in recent decades and revealing more bare
rock to the erosive impacts of weather.

Everest is also far from being the fastest-growing mountain
on our planet. Others, such as those in the Swiss Alps, are
growing more rapidly thanks to an imbalance in the amount
of erosion taking place. Scientists found that uplift is more
than 50 times faster than any negative effects from erosion
here. But the Swiss Alps are far shorter than Mount Everest
and most studies suggest the mountains there are currently
growing at 2-2.5mm (0.08-0.1 inches) per year. The closest
contender for the top spot is perhaps Nanga Parbat, a neigh-
bour to Everest located in the Pakistani Himalayan range,
which is 8,126m (26,660ft) tall and growing at Zmm (0.27in)
per year. In 241,000 years it could overtake Everest to be
the tallest mountain on Earth, provided rates of erosion don't
change.

Meanwhile, Everest retains its allure as a mountain at the
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extreme of what can be found and endured here on Earth. Its
reputation as the highest peak on our planet continues to at-
tract climbers from all over the world, even as its height con-
tinues to shift.

Over a video call I ask Billi Bierling, a mountaineering jour-
nalist who hiked Everest herself in 2009, whether an extra
millimetre, metre or mile higher matters to people like her.
She is relaxing on the sofa at her mother's house in Germany,
preparing to head back to Nepal for the summer season in
March.

"The exact measurement doesn't matter," she says, laughing
warmly at my question. "What matters is that it's the highest,
and that you go to the highest point. If you're having a bad
day, or someone is not very nice to you, or they put you
down, you can think to yourself, you know what? I've climbed
Everest."

For most who reach the summit, it is simply being there that
counts.

(BBC Future, 14th April 2022, https://www.bbc.com/fu-
ture/article/20220407-how-tall-will-mount-everest-get-be-
fore-it-stops-growing)
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Geochemical ice-core constraints on the timing
and climatic impact of Aniakchak II (1628 BCE)
and Thera (Minoan) volcanic eruptions

Charlotte Pearson, Michael Sigl, Andrea Burke, Siwan Da-
vies, Andrei Kurbatov, Mirko Severi, Jihong Cole-Dai, Helen
Innes, Paul G Albert, Meredith Helmick

Abstract

Decades of research have focused on establishing the exact
year and climatic impact of the Minoan eruption of Thera,
Greece (c.1680-1500 BCE). Ice cores offer key evidence to
resolve this controversy, but attempts have been hampered
by a lack of multi-volcanic event synchronization between
records. In this study, Antarctic and Greenland ice-core rec-
ords are synchronized using a double bipolar sulfate marker
and calendar dates are assigned to each eruption revealed
within the ‘Thera period’. From this global scale sequence of
volcanic sulfate loading, we derive indications towards each
eruption’s latitude and potential to disrupt the climate sys-
tem. Ultra-fine sampling for sulfur isotopes and tephra con-
clusively demonstrate a colossal eruption of Alaska’s Aniak-
chak II as the source of stratospheric sulfate in the now pre-
cisely dated 1628 BCE ice layer. These findings end decades
of speculation that Thera was responsible for the 1628 BCE
event, and place Aniakchak II (52 £ 17 Tg S) and an un-
known volcano at 1654 BCE (50 = 13 Tg S) as two of the
largest Northern Hemisphere sulfur injections in the last
4000 years. This opens possibilities to explore widespread
climatic impacts for contemporary societies and, in pinpoint-
ing Aniakchak II, confirms that stratospheric sulfate can be
globally distributed from eruptions outside the tropics. Dating
options for Thera are reduced to a series of precisely dated,
constrained stratospheric sulfur injection events at
1611 BCE, 1562-1555 BCE and ¢.1538 BCE which are all be-
low 14 £ 5 Tg S, indicating a climatic forcing potential for
Thera well below that of Tambora (1815 CE).
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For the last 2,500 years, correlations between the record of
volcanic sulfate in Northern Hemisphere ice cores, and
growth anomalies in tree-rings indicating sudden, short-term
perturbations of the climate system, are well established [1]
allowing for detailed investigations of volcanic impact on hu-
man societies [2]. Exact dating of such events is of the up-
most importance because multiple timelines can often be se-
cured and linked using volcanic marker horizons, enhancing
understanding of cause and effect. Further back in time, this
relationship is less accurately and precisely resolved, and
controversies remain over when, where, and what impact,
certain eruptions had on ancient societies and ecosystems.

The Minoan eruption of Thera, (Santorini) in the Mediterra-
nean Sea, and the period c.1680-1500 BCE, have long been
a focus of such investigation [3, 4, 5, 6, 7]. This
eruption, one of the more explosive of the Holocene (VEI 7
[8]), sealed the spectacular Minoan settlement of Akrotiri (on
Thera) under meters of volcanic debris [9] and deposited
tephra and other volcanic products across the wider region
[10]. The resulting marker horizon provides an important
synchronization point for chronologies of the ancient Aegean,
Anatolia, Levant, and Egypt, but dating it precisely has
proved difficult. Archaeological connections between these
regions, founded on the historical chronology of Egypt, indi-
cate that the eruption must have occurred after the start of
the New Kingdom [11, 12, 13, 14]. This is conventionally
€.1540-1500 BCE (at earliest c.1560 BCE [13] or 1550 BCE
[11]) or after 1570-1544 cal BCE (95.4% probability) based
on radiocarbon dating [15]. However, radiocarbon dating of
materials in immediately pre or post Thera eruption contexts
has been strongly argued to support a date closer to 1600
BCE [16, 17, 18]. This discrepancy can be partially explained
by the impact of a radiocarbon plateau between c.1610-1540
BCE [19] and differences in approach to dating materials bur-
ied by the eruption [20, 21]. A range of other factors such as
volcanic contamination of samples with ‘old carbon’ have also
been suggested [12]. A recent study on samples derived from
a Theran tsunami deposit indicate a radiocarbon based date
for Thera of ‘after 1611 BCE’, with a seed found in close
proximity to the first human remains associated with the
eruption yielding calibrated probability distributions of 1612-
1573 cal BCE (19.4% probability) and 1665-1501 cal BCE
(76.1% probability) [10].

Ice-core evidence from both poles offers the potential to re-
fine the dating for Thera with more accuracy, but incongruous
dating schemes for different ice cores and evidence for mul-
tiple eruptions c.1680-1520 BCE [22, 23, 24] have limited
progress. For example, the caldera forming Aniakchak II
eruption (Alaska) has been geochemically confirmed in asso-
ciation with differently dated sulfate events in several Green-
land ice-cores [25, 26, 27] with possible dating solutions pro-
posed [7]. Radiocarbon evidence for this event has previously
been hampered by large associated errors [28, 29] making it
temporally indistinguishable from Thera on this basis, how-
ever, reservoir corrected dates from marine mollusks in a
tightly constrained sediment core [30] support a date of 3572
+ 4 years . BP (¢c.1623 + 4 BCE).

Between 1680-1520 BCE a number of calendar dated tree-
ring growth anomalies have been identified [3, 4, 40, 5, 6,
41, 19, 42, 43]. Of these, the strongest, best replicated sig-
nal occurs in 1628/7 BCE [3, 4, 5, 42, 44]. This has long been
associated with the eruption Thera [3, 4], but recently pre-
sented as a more likely candidate for Aniakchak II [7]. Other,
less strongly confirmed indicators for a potential volcanic im-
pact highlight the years 1654/3 BCE [5, 6, 7], 1560 BCE [19,
42,43], 1554 BCE [40],1550 BCE [42], 1546, 1544 BCE [19]
and 1524 BCE [6, 41].

To address these chronological, climate forcing and volcanic
attribution issues, we bring together Greenland and Antarctic
records, synchronizing continuous high-resolution sulfur (395
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BCE to 2006 CE) [45] and sulfate (4059 BCE to 395 BCE)
[35] data using layer counts, and securing this in time with
dendroclimatological age constraints [7]. We present a com-
prehensive sequence of volcanic sulfate deposition 1680-
1520 BCE and use these combined, securely dated, highly
resolved data to provide additional constraints on the magni-
tude of sulfur injection, atmospheric sulfur life cycle, and po-
tential source locations of the identified events. We also se-
lected two events for high-resolution sampling, across multi-
ple ice-core records, in order to search for tephra, clarify the
association of any tephra found relative to the sulfate and,
through sulfur isotope analysis, provide a more accurate es-
timate of the fraction of sulfate that was transported via the
stratosphere [46] to improve stratospheric sulfate loading
estimates. These data, along with geochemical analysis of the
tephra recovered, are used to reveal consequential insights
into the dating, size and climatic forcing potential of Aniak-
chak II and the Minoan eruption of Thera.

PNAS Nexus, pgac048,
https://doi.org/10.1093/pnasnexus/pgac048, Published: 29
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Oldest evidence of tectonic plates unearthed,
sealed in ancient crystals

The oldest evidence of tectonic plates are sealed in
ancient crystals

A red-gold colored zircon crystal

Tiny crystals unearthed in South Africa contain evidence of a
sudden transition on the planet's surface 3.8 billion years
ago.

These crystals, each no bigger than a grain of sand, show
that around that time, Earth's crust broke up and began mov-
ing — a precursor to the process known as plate tectonics.

The findings offer clues about Earth's evolution as a planet,
and could help answer questions about potential links be-
tween plate tectonics and the evolution of life, said study lead
author Nadja Drabon, a professor of Earth and planetary sci-
ences at Harvard University.

"Earth is the only planet that has life; Earth is the only planet
that has plate tectonics," Drabon told Live Science.
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Engine of life

Nowadays, jigsaw pieces of rigid crust float on a viscous, hot
ocean of magma in the mantle, Earth's middle layer. These
pieces of crust grind against each other, dive beneath each
other at so-called subduction zones and push each other up,
creating mountains and ocean ridges, forging volcanoes and
triggering the earthquakes that regularly rock the planet. The
sinking of tectonic plates also produces new rocks at subduc-
tion zones, which interact with the atmosphere to suck up
carbon dioxide. This process makes the atmosphere more
hospitable for life and keeps the climate more stable, Drabon
said.

But things weren't always this way. When Earth was young
and hot, during the Hadean eon (4.6 billion to 4 billion years
ago), the planet was first covered with a magma ocean and
then, as the planet cooled, a solid rock surface.

Exactly when that surface cracked and pieces of it began
moving has been hotly debated. Some studies estimate plate
tectonics began just 800 million years ago, while others sug-
gest this system is at least 2 billion years old, Live Science
previously reported.

But because the planet is constantly recycling its crust into
the mantle, there are almost no ancient rocks at the surface
to help settle the debate. Prior to this study, "rocks that are
between 2.5 [billion] and 4 billion years old only make up 5%
of the rocks at the surface," Drabon said. "And earlier than 4
billion years, there are no rocks preserved."

A map of the world's plate tectonics. Earth is the only planet
known to have them.

Sudden transition

That changed in 2018, when Drabon and her colleagues dis-
covered zircon crystals in South Africa's Green Sandstone
Bed, in the Barberton Greenstone mountain range. The team
found 33 zircons, ranging in age between 4.1 billion and 3.3
billion years old.

In the new study, published April 21 in the journal AGU Ad-
vances, the team analyzed different isotopes, or variants of
elements with different numbers of neutrons, in those an-
cient zircons, as well as in many zircons from other times and
places on Earth.

In the isotopes, the scientists found evidence of a sudden
transition to primitive plate tectonics dating to around 3.8
billion years ago. That finding suggests that by that time, in
at least one place on the planet, a simple form of subduction
had begun. Whether or not this happened globally is still un-
determined, and it's likely that the "really efficient engine of
plates moving against each other" that exists today hadn't
yet emerged, Drabon said.
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Isotope analysis of elements such as oxygen, niobium and
uranium also showed that rocks from the surface held water
as early as 3.8 billion years ago, suggesting that the zircons
were once locked in oceanic crust buried in a primeval sea-
floor. And extrapolating from the earliest samples, from 4.1
billion years ago, suggest that the planet had a solid crust no
later than 4.2 billion years ago, Drabon said.

This would mean that Earth's magma sea persisted only until
the late Hadean. Previously, "people thought that Earth was
just covered by a magma ocean until 3.6 billion years" ago,
Drabon said.

The new study hints that Earth's molten lava ocean existed
for at most a few hundred million years before the solid crust
formed, she added.

So what triggered this transition? One theory is that plate
tectonics simply emerged once Earth had cooled enough, she
said. It's also possible that, like a dessert spoon cracking the
crisp top of a créme brilée, massive space rocks may have
slammed into Earth and shattered its crust.

Another intriguing question addresses if Earth's transition to
early plate tectonics somehow helped life evolve, Drabon
added.

While early fossil evidence of life on Earth dates to around
3.5 billion years ago, chemical signatures of biological pro-
cesses, found in the ratio of carbon isotopes, are even older.
Some can be found as far back as 3.8 billion years ago —
around the same time early plate tectonics emerged, Drabon
said.

(Tia Ghose / LIVESCIENCE, 30 April 2022,
https://www.livescience.com/oldest-evidence-tectonic-

plates)
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Massive meteorite impact created the hottest
mantle rock ever

The meteorite sizzled rocks some 36 million years
ago.

The rock was found within the Mistastin impact crater in
Labrador, Canada, shown here in this satellite image.

It's confirmed: The hottest rock ever discovered in Earth's
crust really was super-hot.

The rock, a fist-sized piece of black glass, was discovered in
2011 and first reported in 2017, when scientists wrote in the
journal Earth and Planetary Science Letters that it had been
formed in temperatures reaching 4,298 degrees Fahrenheit
(2,370 degrees Celsius), hotter than much of the Earth's
mantle. Now, a new analysis of minerals from the same site
reveals that this record-scorching heat was real.

The rocks melted and reformed in a meteorite impact about
36 million years ago in what is today Labrador, Canada. The
impact formed the 17-mile-wide (28 kilometers) Mistastin
crater, where Michael Zanetti, then a doctoral student at
Washington University St. Louis, picked up the glassy rock
during a Canadian Space Agency-funded study of how to co-
ordinate astronauts and rovers working together to explore
another planet or moon. (Mistastin crater looks a lot like a
moon crater and is often used as a stand-in for such re-
search.)

The chance find turned out to be an important one. An anal-
ysis of the rock revealed that it contained zircons, extremely
durable minerals that crystallize under high heat. The struc-
ture of zircons can show how hot it was when they formed.

But to confirm the initial findings, researchers needed to date
more than one zircon. In the new study, lead author Gavin
Tolometti, a postdoctoral researcher at Western University in
Canada, and colleagues analyzed four more zircons in sam-
ples from the crater. These samples came from different
types of rocks in different locations, giving a more compre-
hensive view of how the impact heated the ground. One was
from a glassy rock formed in the impact, two others from
rocks that melted and resolidified, and one from a sedimen-
tary rock that held fragments of glass formed in the impact.

The results, published April 15 in the journal Earth and Plan-

etary Science Letters, showed that the impact-glass zircons
were formed in at least 4,298 F heat, just as the 2017 re-
search indicated. In addition, the glass-bearing sedimentary
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rock had been heated to 3,043 F (1,673 C). This broad range
will help researchers narrow down places to look for the most
super-heated rocks in other craters, Tolometti said in a state-
ment.

"We're starting to realize that if we're wanting to find evi-
dence of temperatures this high, we need to look at specific
regions instead of randomly selecting across an entire
crater," he said.

The researchers also found a mineral called reidite within zir-
con grains from the crater. Reidites form when zircons un-
dergo high temperatures and pressures, and their presence
allows the researchers to calculate the pressures experienced
by the rocks in the impact. They found that the impact intro-
duced pressures of between 30 and 40 gigapascals. (Just one
gigapascal is 145,038 pounds per square inch of pressure.)
This would have been the pressure at the edges of the im-
pact; at the zone where the meteorite hit the crust directly,
the rocks would have not just melted, but vaporized.

The findings can be used to extrapolate to other craters on
Earth - and elsewhere. The researchers hope to use similar
methods to study rocks brought back from impact craters on
the moon during the Apollo missions.

"It can be a step forward to try and understand how rocks
have been modified by impact cratering across the entire so-
lar system," Tolometti said.

(Stephanie Pappas / LIVE SCIENCE, 18.04.2022,
https://www.livescience.com/hottest-rock-on-earth-mantle)
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Landslide Hazard and Environ-
ment Risk Assessment
Landslide Hazard Enrico Miccadei, Cristiano
Carabella and Giorgio Paglia

and Environment
Risk Assessment (Eds.)

This book presents a print version
of the Special Issue of the journal
Land dedicated to “Landslide Ha-
zard and Environment Risk Assess-
ment” (Landslide Hazard and Environment Risk Assessment,
Land). The overall goal of this Special Issue was to present
innovative approaches for the analysis and mapping of land-
slide phenomena. Methodologies for landslide susceptibility
mapping, slope stability and environmental risk management
in mass-movement-prone areas, and multidisciplinary ap-
proaches for landslide analysis in different geomorphologi-
cal/morphostructural environments were the main research
and targets that the papers published in this Special Issue
aimed to address. In the twelve papers collected in this vol-
ume, interested readers will find a collection of scientific con-
tributions providing a sample of the state-of-the-art and fore-
front research in these fields. Among the articles published in
the Special Issue, the geographic distribution of the case
studies is wide enough to attract the interest of an interna-
tional audience of readers. The articles collected here will
hopefully provide useful insights into advancements in scien-
tific approaches for the landslide susceptibility mapping and
slope stability at both the local and regional scales, highlight-
ing new ideas and innovations in the analysis of various types
of mass movements (e.g., DGSDs, snow avalanches, shallow
landslides, and complex and historical landslides).

(MDPI Books, April 2022)

INYPOZ MAYAIAHZ
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l“}
LG [ RV H Anupioupyia Tou Alyaiou
TOY AIFAIOY.

Ano Tnv noinon oTIg
YEWENIOTAHEG

Znupng Maulidng

«O noAITIouoG Lag Kavel eva avon-
TO AdBo¢ oTav diaTnpei anooTdoelC
HETA&U emoTnung kai noinong: kai
Ta dUo eival epyaleia e Ta onoia
HropoUue va douue KAAUTEpa Tnv noAunAokotTnta kar Tnv
opoPPId TOU KOOMOU» Ypa®el 0 ITaAOG BewpnTIKOG PUOIKOG
Kal ouyypagéeag Carlo Rovelli.
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O Oduaooéag EAUTNG avagépel nwg «"Eva Tonio dev givai onweg
TO avmAauBavovral uepikol, KAnoio, anAwg, oUvoAo yng,
QuTWV Kai uddTtwv. Eivar n npoBoAn 1nG wuxng evog Aaou
navw oTnv UAn. Ta Quaikad oToixeia, ol Bpdxol, Ta dévdpa, ol
6aAao-oeg, nou @Agyovrai KATw amno Tov idlo nAio Kkai
KaToikoUvTai ano Ti¢ IdIEC UNEPPUOTIKEG OUVALEIG. »

TO0O 0 MOINTAG 000 KI O EMITAHOVAG £XOUV WG AVTIKEINEVO
npaypdaTeuong Toug Tov avlpwno kal Tn ®uon. Kivntpia du-
vapn €ival éva «yiaTi» Pia E0WTEPIKA avaykn avantnong.

' kai dnuioupyia evog Tonou . . . diIaAoyog evog AdouU pe
To nepIBaAAov . . . n yewAoyikn dnuioupyia Tou Alyaiou a-
koAouBwvTag Tnv nopeia TnG “réveaig” Tou “Aglon EoTi” Tou
EAUTR, noinon, pUBog, @IAoco®ia Kal ENICTNHUOVIKN MPOCEY-
ylon €ival To avTikeigevo autol Tou BIRAiou.

'Eva xpé€og npénel va Bapaivel kKaBe oAOKANPWHEVO €MICTH -
Mova. MeploocdTepo anod kabe AAAn popa onuepa, oTnv enoxn
TNG YvWONG Kal TnG NANpo®opiag, o onUePIVOG ENICTHHOVAG
eival nAéov avaykn va groxaleral navw otnv £101KOTNTA Tou,
aAAd kal népav auTng, yia TIC VEECG IDEEC NOU ANOpPPEOUV ano
TNV €NICTAKN TOU, Yia naAld kai véa npoBAfRuaTa nou anacyo-
Aouv Tnv avBpwnivn okéwn. Eivar noAU onupavTikd va dw-
OOUHE OTOV KOOHO TNV €UKAIpia va anokThael TIG EUneipieg and
TIC NPoondBEIEg TNG ENIGTAMOVIKAG £PEUVAC.

(Exdo0eig TEPMANOZ, AnpiAiog 2022)
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Newly launched high-perf f lated soil condi-
HAE KTPONIKA . tisl\:ve\r/saunc ed high-performance formulated soil condi
n E PIOAI KA o CYBER AGORA #6: UNDERGROUND URBANISM

e Conference on Computational Methods and Information
Models in Tunneling (EURO:TUN)

ISSMGE

ISSMGE Bullefin o

Volume 14, Issve 1
Feb 2022

16-issue-2-april-2022 International Geosynthetics Society

KukAogpopnoe 1o TeUxog 2 / Topog 16 Anpidiou 2022 Tou

ISSMGE Bullein pe Ta akdAouBa npiexdpeva: KukAopopnoe To IGS Newsletter Tng International Geosyn-

thetics Society pe Ta akdAouBa neplexOUEvVa:
+ 1 Message from Editor-in-Chief Y H PIEXOH

e 3 ISSMGE Time Capsule Project IGS NEWSLETTER - April 2022
e 4TCcorner Helping the world understand the appropriate value and use
— TC305 meeting of geosynthetics

— TC107 meeting
¢ Conference reports

httpwww.geosyntheticssociety.org/newsletters

— 3rd Russian Geotechnical Forum e IGS Elections 2022: Voting Email Coming Soon! READ
- International Scientific and Practical Conference CANDIDATE BIOS, FAQs
¢ Hot news e Geotextiles & Geomembranes Journal Call For Abstracts
¢ Event Diary READ MORE
¢ Corporate Associates ¢ New Deadline For GeoAsia7 Abstracts (Now a Hybrid
¢ Message from Corporate Associates Event!) READ MORE
¢ Foundation Donors e TC-Hydraulics Webinar: Recent Advances in Geotextile

Filtration Design REGISTER
e TC-Barriers Webinar: GRI-GM13 Update REGISTER
e 10 Questions With... Jonathan Shamrock READ MORE
3 e My Engineer Life With... Preanca Appanna READ MORE
e igs FOUNDATION: Founding Donor Boost To IGS Founda-
tion READ MORE
e Geogrid Reinforced Soil Retaining Wall in Chinese High-
Speed Railway Embankment READ MORE
e IGS Hits 4,000 Followers On LinkedIn READ MORE, FOL-
LOW US!
e Upcoming Webinars
— Studi Eksperimental Geocell Sebagai Perkuatan
Lereng dan Perkerasan Jalan (Bahasa Indonesia),
April 20 REGISTRATION INFORMATION
https://about.ita-aites.org/news — Recent Advances in Geotextile Filtration Design, April
26 REGISTRATION INFORMATION
- GRI-GM13 Update, April 27 (repeated May 11) REG-
ISTRATION INFORMATION

KukAo@opnoe 1o Teuxog Ap. 76, Anpihiou 2022 Twv NEWS
Tn¢ ITA pe Ta ak6AouBa nepiexopeva:

e MESSAGE FROM JINXIU (JENNY) YAN, ITA PRESIDENT - Geosynthetic Performance Testing and Integration of
e ITACET Online Lunchtime Series #14 Results, April 28 REGISTRATION INFORMATION
e ITAtech launched a new Activity Group on Low carbon e Calendar of Events

concrete linings for shafts and tunnels

e First Breakthrough of India biggest Hydroshield TBM

e Robbins Main Beam finishes challenging China drive

e WUF 11: World Urban Forum "Transforming our Cities
for a better Urban Future"

e 4th International Tunneling Forum

e WTC 2022: 5 months left!

e Focus on the Danish infrastructure plan in conjunction
with the WTC

e Dramix 4D inside
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GEOSYNTHETICS

https://www.icevirtuallibrary.com/toc/jgein/29/2

KukAo@opnaoe 1o TeUxog 2 Tou Topou 29 (Anpidiou 2022) Tou
Geosynthetics International Tng International Geo-synthetics
Society pe Ta akdAouBa nepiexoueva:

Last words from the former Chairman of the Editorial Board,
J. P. Giroud, 29(2), pp. 113

Foreword to special issue on 11th International Conference
on Geosynthetics (11ICG), R. J. Bathurst, 29(2), pp. 114

Introduction to Special Issue on the 11 International Con-
ference on Geosynthetics (11ICG), C. Yoo, Y. H. Jung,
29(2), pp. 115

Laterally-loaded pile-MSE wall system performance under
different design configurations, W. Mohammed, J. Han,
29(2), pp. 116-136

Effect of internal drainage on deformation behavior of GRS
wall during rainfall, C. Yoo, A. Tabish, J. W. Yang, Q. Ab-
bas, J. S. Song, 29(2), pp. 137-150

Damage of geotextile due to impact of stones, A. Bezuijen, E.
Izadi, 29(2), pp. 151-162

Shaking table tests on bridge abutments reinforced by EPS
and geogrid, H. Kyokawa, Y. Yamazaki, J. Koseki, T.
Konami, T. Nishi, T. Kubota, 29(2), pp. 163-173

Geolexliles
and
Geomembranes

https://www.sciencedirect.com/journal/geotextiles-
and-geomembranes/vol/50/issue/2

KukAo@opnoe To Telxog 2 Tou Topou 50 (AnpiAiou 2022) Tou
Geotextiles and Geomembrabes Tng International Geo-syn-
thetics Society pe Ta akoAouBa nepiexoueva:

Editorial Board, Page ii

Laudatio for Editor-in-Chief R. Kerry Rowe, Page iii

Regular Articles
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Fate and transport of particle matter during GEOTextile tube
dewatering of a dioxin and furan (PCDD/F) contaminated
sediment, Masoumeh Alimohammadi, Craig Lake, Pages 203-
215

Numerical study of strain development in high-density poly-
ethylene geomembrane liner system in landfills using a new
constitutive model for municipal solid waste, Wu Gao, Edward
Kavazanjian, Xuan Wu, Pages 216-230

Method for calculating horizontal drain induced non-linear
and large strain degree of consolidation, Jin-chun Chai, Jun
Wang, Wengqi Ding, Yafei Qiao, Pages 231-237

The short-term and creep mechanical behaviour of clayey
soil-geocomposite drainage layer interfaces subjected to en-
vironmental loadings, Zhiming Chao, Gary Fowmes, Pages
238-248

Numerical analysis of a double layer rubber dam, Xin Gao,
Wei Guo, Yuxiao Ren, Wengian Zeng, Pages 249-261

Role of particle shape on the shear strength of sand-GCL in-
terfaces under dry and wet conditions, Anjali G. Pillai,
Madhavi Latha Gali, Pages 262-281

Mitigation of track buckling in transition zones of steel bridges
by geotextile reinforcement of the ballast layer, Amin Miri,
Jabbar Ali Zakeri, David P. Thambiratnam, T.H.T. Chan,
Pages 282-292

Filtration performance of non- woven geotextiles with inter-
nally-stable and -unstable soils under dynamic loading, M.W.
Khan, A.R. Dawson, A.M. Marshall, Pages 293-311

Characterisation of geomembrane and geotextile interface
short-term creep behaviour in a dry condition, Yi Lu, Hossam
Abuel-Naga, Eng-Choon Leong, Wei-Guo Jiao, Xing Wang,
Pages 312-322

Working mechanism of a new wicking geotextile in roadway

applications: A numerical study, Chuang Lin, Xiong Zhang,
Javad Galinmoghadam, Yipeng Guo, Pages 323-336

Effect of coating optimization on performances of glass fiber
geogrid for semi-rigid base asphalt pavement, Gaowang
Zhang, Hongliang Zhang, Wenpu Sun, Pages 337-346

Uni and bi-directional dewatering behaviour of open geotex-
tile containers used for filtration of waste slurries, Rodrigo A.
e Silva, Delma Vidal, Pages 347-356

Analytical solution for calculation of pull out force-defor-
mation of geosynthetics reinforcing unsaturated soils,
Mahmoud Ghazavi, Omid Bavandpouri, Pages 357-369
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