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Landslides are a global injustice - they’re rarely
caused by the people worst affected

Dave Petley

Joshimath is slowly sliding. Amol_M / shutterstock

In northern India, a tragedy is playing out in slow-motion.
Located at about 2,000 metres elevation in Chamoli District
in the Himalayas, Joshimath is an ancient, sacred town of
about 17,000 people. Popular with pilgrims and visitors want-
ing to ski or climb the nearby mountains, the town is a beau-
tiful refuge from the bustle of the plains.

Late in 2022, a new chapter started in the long history of
Joshimath as cracks started to develop in buildings across the
town. These quickly spread over a large area, ripping apart
roads, houses and hotels. These events were widely reported
by the Indian media, which generally ascribed them to “sub-
sidence”. The reality is something else: the town is built upon
debris from an ancient landslide.

And that landslide has started to move.

The age of the landslide is unclear, but it is likely to be hun-
dreds or even thousands of years old. The debris has been
covered with soil and plants, hiding it from sight and giving
local people the impression they were living on solid ground.

Joshimath resident Chandra Pandey stands beside deep
cracks in his house. Rajesh Kumar Singh / Alamy

The existence of the landslide, and the hazard that it poses,
was identified about 50 years ago, but little action has been
taken to mitigate the risk. To date at least 860 houses have
been rendered uninhabitable, and the landslide continues to
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move. Hundreds of people are living in temporary camps,
with no real clarity as to their future prospects, and thou-
sands more worry that the landslide movement will spread to
their part of the town.

Why the landslide started moving again in late 2022 is un-
clear. In the past few months many fingers have been
pointed. Over the past decade, a large hydroelectric “run of
the river” scheme has been built in the valleys near the town,
which meant building tunnels beneath Joshimath. Shaking
caused by blasting has been reported throughout the area. It
is unsurprising that people believe that there is a link.

In early 2021, a large debris flow swept down the valley be-
low Joshimath, triggered by the collapse of a mountainside
high in the mountains, severely damaging the dam from the
hydroelectric power scheme and killing over 200 people,
mostly dam workers. Some people link the reactivation of the
Joshimath landslide to this flow.

A third theory is that climate change, which has caused more
intense rainfall in the area, has triggered the landslide. All of
these mechanisms are possible. In the absence of detailed
scientific investigations, rumours dominate.

@ ANI UP/Uttarakhand & o
@ANINewsUP . Follow

Joshimath land subsidence | Cracks have been
noticed in 868 buildings in Joshimath. Of these, 181
buildings are in unsafe areas. The dismantling work
of Hotel Mount Beau and Malari Inn is in final stage:
DM Chamoli

#Uttarakhand

7:07 AM - Feb 10, 2023 @

Many other Joshimaths go unreported

Sadly, Joshimath is not an isolated case. Landslides are de-
stroying communities right across the high mountains of
South Asia, most frequently small, isolated settlements that
do not command the attention that has been heaped on
Joshimath. Over and again, people lose their major economic
assets - their house and land - and are rendered destitute.
Women and girls often fare particularly poorly in these cir-
cumstances.

In the vast majority of cases, the landslides result from things
outside of the control of the people affected, making these
events a travesty of social justice. At the macro-level, the
increases in rainfall intensity that are occurring in many
mountain areas result principally from greenhouse gas emis-
sions that occurred thousands of kilometres away in far richer
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economies. Dave Petley, May 5, 2023, https://twitter.com/davepet-
ley/status/1654380783199559680?cxt=HBwWW-

In other cases, the landslides are the result of large energy gICIndOjxfUtAAAA&cn=ZmxleGlib-

projects that will bring security of supply to distant cities, GVfcmVicw%3D%3D&refsrc=email)

while isolated communities may still have no reliable supply,

and that will generate profits that will bring little benefit to

the mountain regions. More locally, landslides often result

from roads that serve to bypass their communities, and are

sometimes associated with local corruption as, for example,

the owners of construction machinery bribe officials to allow

road building in unsuitable areas.

Aftermath of a recent landslide 1,000km away in Kashmir.
Sipa / Alamy

A safety net for landslide victims

There is a paucity of social justice, or even of discussion
about social justice, when it comes to these landslides. The
victims at every stage are the local people, who lose their
home, their land, their possessions and their livelihood, and
sometimes their lives. Even in richer countries landslides are
often not an insurable risk, in contrast to floods or wind-
storms. For most people it is not possible to assess the like-
lihood of a property being affected by a landslide, so home
owners are in effect having to gamble.

It is time to make changes. In the mountains of South Asia,
the current rampant, poorly-coordinated development needs
to be controlled for the sake of the environment and the local
population. There is no case for an embargo on construction
across the region, but there is a strong rationale for ensuring
that there are proper technical assessments of large
schemes; for environmental impact assessments that are sci-
entifically rigorous; for land use planning controls on the ba-
sis of hazard and for the careful management of water. When
things go wrong, and they will, there is a need for a safety
net, either through insurance or through government
schemes.

Sadly, failure to act will further drive inequality, causing a
further breakdown in the fragile social balance of high moun-
tain areas.

(Dave Petley / THE CONVERSATION, May 4, 2023,
https://theconversation.com/landslides-are-a-global-injus-
tice-theyre-rarely-caused-by-the-people-worst-affected-
201885)

I've written a piece about landslides as an issue of social jus-
tice for The Conversation enitled: “Landslides are a global in-
justice - they're rarely caused by the people worst affected”:
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Hydrogeological Hazards in Open Pit Coal Mines
The Amyntaio open pit coal mine (Greece)

UNESCO Land Subsidence International Initiative

The Amyntaio open pit coal mine (Greece) became instanta-
neously famous on 10 June 2017 by producing one of the
biggest landslides ever recorded in human history. In total,
80 million m3 of debris came down, extending over an area
of 2.0 by 2.2 km. The landslide caused the permanent evac-
uation of parts the nearby village Anargyroi. Luckily no one
was hurt, because the mine was evacuated days before the
landslide.
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Severe groundwater pumping in the decades before the dis-
aster, necessary to prevent the mine from inundating, re-
sulted in a 3 km subsidence bowl surrounding the mine. The
creation of the subsidence bowl damaged nearby villages and
infrastructure. To mitigate subsidence, the water table in the
upper most aquifer was increased again in 2016. A new study
by Ploutarchos Tzampoglou, Ph.D. and Constantinos Loupa-
sakis revealed however, that although this mitigated subsid-
ence, it also affected ground stability in the area. Together
with unfavorable mine slope geometry, this instability prob-
ably eventually triggered the landslide event.

The article is published in Water, and can be found
here: https://Inkd.in/e7gxG7j]

300,000

Constantinos Loupasakis e Professor at National Technical University of Athens, 2 May 2023
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The Destructive Earthquake Doublet of
6 February 2023 in South-Central Tiirkiye and
Northwestern Syria: Initial Observations and
Analyses

P. Martin Mai; Theodoros Aspiotis; Tarigq Anwar Aquib;
Eduardo Valero Cano; David Castro-Cruz; Armando
Espindola-Carmona; Bo Li; Xing Li; Jihong Liu; Rémi

Matrau; Adriano Nobile; Kadek Hendrawan Palgunadi;

Matthieu Ribot; Laura Parisi; Cahli Suhendi; Yuxiang

Tang; Bora Yalcin; Ulas Avsar; Yann Klinger; Sigurjon

Jonsson

Abstract

On 6 February 2023, two large earthquakes with magnitude
7.8 and 7.6 rocked south-central Tirkiye and northwestern
Syria. At the time of writing, the death toll exceeded 50,000
in Turkiye and 7200 in Syria. The epicenter of the first
mainshock was located ~15 km east of the east Anatolian
fault (EAF), the second large earthquake (9 hr later) initiated
~90 km to the north on the east-west-trending Sirgi fault.
Aftershocks delineate fault lengths of ~350 and ~170 km, re-
spectively. Using satellite and seismic data for first-order
analyses of surface-fault offsets, space-time rupture evolu-
tion, and recorded ground motions, our study sheds light on
the reasons for the extensive destruction. The first event rup-
tured the EAF bilaterally, lasted for ~80 s, and created sur-
face fault offsets of over 6 m. The second event also ruptured
bilaterally with a duration of ~35 s and more than 7 m sur-
face offsets. Horizontal ground accelerations reached locally
up to 2g in the first mainshock; severe and widespread shak-
ing occurred in the Hatay-Antakia area with values near 0.5g.
Both earthquakes are characterized by directivity effects and
abrupt rupture cessation generating stopping phases that
contributed to strong seismic radiation. Shaking was further
aggravated locally by site-amplification effects.

Introduction

The two devastating earthquakes of 6 February 2023, and
their associated aftershock sequences, in south-central Ti-
rkiye and northwestern Syria are sobering reminders that
earthquakes can neither be predicted nor prevented, but can
only be prepared for. The earthquakes were the deadliest
ones in Tirkiye for centuries. The two strong earthquakes
occurred in rapid succession but on different faults. The epi-
center of the first shock of magnitude Mw 7.8 was located
~15 km east of the east Anatolian fault (EAF) at 37.288° N,
37.043° E, 8.6 km depth, (origin time 01:17 a.m. UTC). Only
09:07 hr later, the second event (magnitude Mw 7.6) initi-
ated 90 km north of the EAF on the east-west-trending Sirgu
fault (38.089° N, 37.239° E, 7.0 km depth, origin time 10:24
a.m. UTC).

The EAF defines the active plate boundary between the Ara-
bian and the Anatolian plates (Fig. 1a). Over its ~500 km
length, the left-lateral EAF has an estimated slip rate of
~10 mm/yr (Aktug et al., 2016). Together with the right-lat-
eral north Anatolian fault (NAF), the EAF bounds the west-
ward extrusion of the Anatolian plate from the Arabia-Eurasia
collision zone (Pousse-Beltran et al., 2020, and references
therein). The section of the EAF that broke in the first
mainshock extends into the Hatay triple junction between the
EAF, the Cyprus arc, and the Dead Sea fault branching to the
south (Fig. 1b).

During the last ~100 yr, both the NAF and EAF varied in
terms of releasing tectonic stress in large earthquakes. The
NAF produced a sequence of large earthquakes in the twen-
tieth century that initiated with the 1912 Mw 7.2 Ganos
earthquake at the western end of the Marmara Sea and then
continued with the devastating Mw 7.8 Erzincan earthquake
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in 1939 on the eastern NAF that killed over 30,000 people.
This tragic quake was followed by 10 moderate-to-large
events (1942-1967; Barka, 1996) and the 1999 Mw 7.6 Iz-
mit and Mw 7.2 Dlzce earthquakes east of the Marmara Sea,
leaving major fault segments near Istanbul unbroken since
1766. In contrast, only three moderately sized earthquakes
occurred on the EAF in the last ~50 yr (1971 Mw 6.7; 2020
Mw 6.1; and 2020 Mw 6.8), located on the northwestern sec-
tion of the EAF. However, large historical earthquakes are
documented along the southern EAF (Ambraseys, 2009; Me-
ghraoui, 2015), such as in 1114 B.C.E. Mw~7.80
1872 B.C.E. Mw~7.2[J and 1822 B.C.E. Mw~7.5. The second
rupture of the 2023 earthquake sequence occurred on the
Suglr fault—a side branch of the EAF strand that is thought
to have last ruptured in 1544 B.C.E. (Fig. 1a). The seismic
activity of the NAF and EAF is reflected in corresponding seis-
mic hazard maps (e.g., Akkar et al., 2018; Demircioglu et al.,
2018; Pagani et al., 2018; Sesetyan et al., 2018; Fig. 1b).
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Fig. 1. Seismotectonic overview of the east Anatolian fault
region, with the main faults (black lines) and the mapped
surface ruptures of the Mw 7.8 and 7.6 earthquakes of 6
February 2023 (red lines). (a) Tectonic setting and historical
earthquakes (after Ambraseys, 2009; Meghraoui, 2015).
(b) Seismic hazard map (peak ground acceleration [PGA],
10% probability to be exceeded in 50 yr) extracted from the
Turkish Seismic Hazard Map (by Disaster and Emergency
Management Authority [AFAD]). (c) Background seismicity
(IMw=2 from AFAD) from 1 January 2018 to 5 February
2023, with focal mechanisms of earthquakes of magnitude
Mw=4.8 (from Global Centroid Moment Tensor [Global CMT]
catalog). (d) One-week aftershocks ([Mw=2 from AFAD),
and focal mechanism the Mw 7.8 and 7.6 earthquakes of 6
February 2023. (e) Time series of background seismicity
shown in panel (c). (f) Time series of aftershocks shown in
panel (d). For details, see Data and Resources.

In the past ~100 yr, only a few continental strike-slip earth-
quakes with magnitudes exceeding Mw 7.5 occurred, limiting
the available data and hence detailed studies of such large
earthquakes. Examples are the 1990 Mw 7.8 Luzon, Philip-
pines, the 2001 Mw 7.8 Kunlun, China, the 2002 Mw 7.9 De-
nali, Alaska, the 2013 Mw 7.7 Balouchistan, Pakistan, and the
2016 Mw 7.8 Kaikoura, New Zealand, events. Each of these
earthquakes revealed an intricate rupture process related to
geometrical fault complexities (Klinger, 2022, and references
therein): rupture lengths exceeding 100 km and reaching up
to 300 km (2001 Kunlun earthquake); average horizontal
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surface slip of 3-4 m, reaching locally up to 7-9 m, and
strongly varying along-strike in relation to the fault-trace ge-
ometry.

The unique character of the 2023 sequence is that two large-
magnitude earthquakes occurred only 9 hr apart on nearby
faults. Pairing of large continental earthquakes over such a
short time had not been observed before. Previous pairing
always involved longer separation in time, like 14 days be-
tween the Mw ~8 Tsetserleg and Mw ~8 Bulnay events (Choi
et al.,, 2018) and 4 months for the Mw 7.4 Izmit-Mw 7.2
Diizce sequence (Konca et al., 2010). In addition, the spatial
dimensions of the two main 2023 quakes estimated from
real-time aftershock locations (Fig. 1b) reach lengths of
~350 km on the EAF for the initial Mw 7.8 earthquake and
~170 km for the Mw 7.6 earthquake on the Sirgu fault. For
the regional seismogenic width of 20 km (Ozer et al., 2019),
these source dimensions are consistent with the events’ mag-
nitudes based on source-scaling relations (Thingbaijam et al.,
2017).

Fault Surface Displacements from Satellite Data

We used pixel-offset tracking of Sentinel-1 radar images to
map coseismic surface displacements around the two faults
and the extent of surface fault rupturing (e.g., Fialko et al.,
2001; Wang and Jdénsson, 2015). Based on ascending and
descending orbit images, as well as along-track (azimuth)
and across-track (range), we derived pixel offsets (Fig. S1,
available in the supplemental material to this article), yield-
ing four different offset images from which we inverted for
3D surface displacements (Liu et al., 2022; Fig. S2). The re-
sulting horizontal surface displacements and their spatial pat-
tern exhibit left-lateral motion across the two main faults
(Fig. 2a). Vertical displacements are small in comparison
(Fig. S2c), confirming the almost pure strike-slip mechanism
of both events. The length of the main surface rupture along
the EAF in the first earthquake is ~320 km, whereas the sur-
face rupture of the second mainshock is markedly shorter
(~150 km). Hence, for both cases the mapped surface rup-
ture is 20-30 km shorter than indicated by aftershock loca-
tions (Fig. 1d).
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Fig. 2. Coseismic horizontal surface displacements of the
Kahramanmaras earthquakes. (a) Map of the amplitude and
direction of horizontal displacements derived from pixel-
tracking offsets of Sentinel-1 satellite radar images (see
Fault Surface Displacements from Satellite Data section, as
well as the supplemental material, Figs. S1 and S2). The
red lines show mapped surface ruptures. (b) Fault-parallel
displacements along the two fault ruptures from southwest
to northeast.

Both earthquakes produced large surface-fault offsets (ex-
ceeding 4 m) over extended sections along the faults (Fig. 2).
From their horizontal surface displacement fields, we meas-
ured fault offsets at 5 km intervals along the two main faults.
The results show that surface fault slip along the EAF has 2-
3 slip maxima, with the largest slip found northeast of the
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epicenter (6-7 m), ~30 km east of the city of Kahramanma-
ras. Another slip maximum (~4 m) is found farther south-
west, near Islahiye, with fault slip abruptly decreasing near
Antakia at the southwestern end of the rupture. The maxi-
mum surface offset of the second fault is even larger than for
the first rupture, exceeding 7 m near the epicenter and 6 m
over a fault length of ~60 km (Fig. 2b). This large surface
offset may compensate the relatively short rupture length for
the measured magnitude of Mw 7.6.

Rupture Process from Backprojection and Finite-Fault
Modeling

Using far-field teleseismic data, we estimated the space-time
rupture evolution via backprojection (e.g., Ishii et al., 2005;
Koper et al., 2011; Li and Ghosh, 2017) and finite-fault mod-
eling (e.g., Mendoza and Hartzell, 2013, and references
therein). For this purpose, we compiled two datasets. For the
backprojection, we used seismic stations in Alaska and se-
lected only stations with average cross correlation (CC)
above 0.6 for the first 25 s around the P-phase arrival filtered
in the range 0.1-2 Hz. This results in 205 and 201 stations
for the Mw 7.8 and 7.6 events, respectively. The targeted
backprojection region extends from 35° to 39.5°, both in lat-
itude and longitude, with 0.01° grid spacing in both the di-
rections. We calculated theoretical travel times based on the
Preliminary Reference Earth model from the source grid to
each seismic station, with source depths fixed at catalog
depths. In addition, we applied time shifts and relative polar-
ity estimation from the peak cross-correlation (CC) coeffi-
cients of the first arrival P phases for a shorter 5 s time win-
dow, relative to a reference station with maximum average
CC coefficients, as empirical time and polarity correction. To
then image the rupture evolution, we deployed a 6 s sliding
time window and 0.1 s time step to the continuous waveform
data.

Backprojection results show bilateral rupture of the Mw 7.8
earthquake, with an average rupture speed ~2.5 km/s to the
east and ~2 km/s to the west, estimated using epicentral dis-
tance (which underestimates average rupture velocity along
the fault itself if fault geometry changes; Fig. S3). However,
with a priori knowledge of the fault traces and assuming
nearly vertical dip angles, we were able to backproject the
radiated seismic energy directly to the fault (Fig. 3). This bet-
ter illustrates the complex rupture process of the Mw 7.8
event (inset in Fig. 3f). The backprojection suggests bilateral
rupture on a small fault east of the EAF where the hypocenter
is located (Disaster and Emergency Management Authority
[AFAD] catalog). Rupture to the southwest stopped after a
few seconds but continued to the northeast until it reached
the intersection with the EAF at ~10 s. The backprojection
then locates strong radiation to the east, but near the inter-
section of the nucleation branch and the EAF. This correlates
with the strongest recorded ground shaking at the station
TK4614. The rupture continued to the northeast with an av-
erage rupture speed of ~3.1 km/s along the EAF until ~55 s
rupture duration, with strong radiation from a short east-
west branch of the fault, the junction between the EAF and
the eastern extension of the Siirgl fault before it stopped
~25 km farther east of the junction (inset in Fig. 3f). The rup-
ture to the southwest along the main EAF appears delayed
with limited seismic radiation west of the epicentral region.
However, continued rupture to the east may have altered the
stress state on this segment, thereby promoting further rup-
ture to the southwest until ~80 s, when rupture suddenly ter-
minated near Antakia with strong observed seismic radiation.

Backprojection results of the Mw 7.6 event reveal a fre-
quency-dependent rupture process due to rupture directivity
(Fig. 3e-h and Fig. S3; Li et al., 2022). The 0.1-0.5 Hz re-
sults capture rupture to the east of the Sirgl fault, which
then changed its direction toward the northeast. The 0.5-
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1 Hz results, on the other hand, mainly track rupture to the
west on the Siirgu fault. The two strong radiation sources are
located where the fault geometry changes.
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Figure 3. Backprojection results. (a) Backprojection results
using the Alaska array data filtered in 0.1-0.5 Hz for the
Mw 7.8 earthquake. Circles mark the backprojected source
locations at the corresponding rupture time, with circle size
being proportional to the stacked waveform energy (beam
power). (b) Same as panel (a) but for frequency range 0.5-
1 Hz. (c) Normalized beam power evolution with rupture
time (legend as in panel (d)). (d) Rupture distance (away
from the epicenter) with time. Positive distance indicates
rupture to the east of the epicenter, negative distance cor-
responds to westward rupture. (e-h) Same as panels (a-
d) but for the Mw 7.6 earthquake. In the inset of panel (f),
numbered circles depict locations of strong seismic radiation
inferred from the backprojection analysis. The arrow indi-
cates the rupture direction, with the associated number rep-
resenting the rupture sequence.

In addition to backprojection imaging, we estimated two sets
of finite-fault source models for the two earthquakes, one
from satellite radar data-derived coseismic horizontal surface
displacements (Fig. 2a) and the other from teleseismic ob-
servations. For the geodetic source model, we used the fault
traces mapped from satellite radar offsets, extended the fault
lengths a few kilometers beyond the mapped surface rup-
tures, extended the fault widths to 25 km, and discretized
them into 5 km x 5 km fault patches. The first fault is verti-
cal, whereas the second mainshock fault dips 78° to the
north. We then estimated spatially variable slip on the faults
(e.g., Jonsson et al., 2002) from the coseismic horizontal
surface displacements using an appropriate degree of spatial
fault-slip smoothing.

For inverting the teleseismic data to derive kinematic finite-
fault source models, we downloaded seismic waveforms for
stations situated at teleseismic distances of 30°-90°, ensur-
ing good azimuthal coverage. By visual inspection, we se-
lected 18 stations for the first mainshock (Fig. S4a) and 17
stations for the second event (Fig. S5a) with high signal qual-
ity, using initially only the P wavetrain. Waveforms were then
band-pass filtered (5-20s, Butterworth filter) to remove
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high-frequency noise. To infer kinematic finite-fault parame-
ters, we only used vertical components and applied covari-
ance matrices to account for errors in both measurements
and theory (e.g., Vasyura-Batke et al., 2020, and references
therein). Because the kinematic finite-fault source-parameter
estimation suffers from nonunique solutions, we explored the
model space using Bayesian inference with sequential Monte
Carlo sampling implemented in the Bayesian earthquake
analysis tool (BEAT) code (Vasyura-Batke et al., 2020; Figs.
S4b and S5b).

The kinematic rupture model for the first main event com-
prises four major segments with uniform dip angle of 89°.
Each segment is subdivided into 5 km x 5 km subfaults. Seg-
ment 1-a, on which the hypocenter is located, has dimensions
of 55 km x 25 km, segment 1-b and 1-c along the EAF ex-
pand over 90 km x 25 km, and 80 km x 25 km, respectively,
whereas the southernmost segment 1-d covers an area of
140 km x 25 km (Fig. 4). In total, the four fault segments
form a 365 km long rupture plane that extends to 25 km
depth, parameterized by 365 subfaults.

Finite-fault model (used for seismic inversion)

Surface rupture (from InNSAR)

(b)

East-wost (m) East-west (krn)

Figure 4. Finite-fault rupture models for the two
Kahramanmaras earthquakes. (a) Fault traces used for fi-
nite-fault inversion (map view), with numbered main seg-
ments used in the teleseismic-data inversion. (b) Final slip
model from teleseismic data, color coded by total-slip mag-
nitude (in meters). The red color saturates at 8 m with the

maximum of 8.33 m. (c¢) Final slip model from geodetic data
using the same color code as in panel (b); the maximum
slip value is 8.85 m. We remark that our slip distributions
are very consistent with those by Melgar et al. (2023) and
Barbot et al. (2023).

For the 2nd mainshock, we discretized the fault rupture
model into three segments, each subdivided into 5 km X
5 km subfaults. Segment 2-a, on which rupture nucleated,
spans 70 km length; segment 2-b (to the east) and segment
2-c (to the west) are 70 km and 50 km long, respectively
(Fig. 4a). Each segment extends for 25 km along the fault-
dip direction (78° dip angle). The assumed rupture plane is
thus 190 km long.

On each subfault, we solved for slip, rupture onset time, and
rise time. Furthermore, we allowed for variable rupture ve-
locity, searching in the range of 2.5-4.0 km/s. The local
source time function was set to a half cosine; the slip direc-
tion (rake angle) was allowed to vary in the range —90° to
90° with respect to a reference rake angle of 0° (parallel to
the strike direction).

Figure 4 summarizes the finite-fault rupture models inverted
from coseismic surface displacements and teleseismic P-wave
data. We did not perform any joint inversion, so each model
is constrained by a single dataset. However, both the models
reveal consistent slip distributions. The first Mw 7.8 earth-
quake is characterized by three main areas of fault slip,
showing up to 7 m of slip near the surface on segment 1-b,
up to 6 m on segment 1-c, and 4-7 m on segment 1-d (in
which we find the largest difference between the seismic and
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the geodetic models). Segment 1-a, on which the rupture
started, had less fault slip but still up to ~3 m (Fig. S4c). The
southernmost segment 1-d shows an area of high slip before
rupture abruptly stops, in agreement with the backprojection
results, creating a strong stopping phase. Together with rup-
ture directivity along this 140 km fault segment, strong seis-
mic radiation was generated toward the south into the Hatay-
Antakia region that combined with local site effects, created
severe local shaking and extensive damage. The total finite-
fault seismic moment for this rupture models is
1.03x10%*N-m (Mw 7.97) and 6.13x10%° N-m (IMw 7.84)
from the teleseismic and geodetic data, respectively con-
sistent with other estimates (i.e., Jiang et al., 2023).

The backprojection imaging and teleseismic source inversion
thus reveal a “T-Bone” geometry with rupture propagating
backward relative to the initial direction, seen only in few
previous cases, that is, Kaikoura (Klinger et al., 2018), Ro-
manche (Hicks et al., 2020), and to a lesser extent Landers
event (e.g., Fliss et al., 2005; Wollherr et al., 2019).

Finite rupture models of the second mainshock show very
large near-surface fault slip with the maximum slip exceeding
8 m on segment 2-a (on which rupture nucleated, see Fig.
S5c¢) along the Siirgl fault, with slip values reaching 6 m over
an extended stretch along that segment. Slip values then de-
creased toward northeast and southwest along segments 2-
b and 2-c, respectively. These inferred slip values are in good
agreement with surface displacement derived from geodetic
data (Fig. 2). The inferred seismic moment of this rupture
model is 5.03x10%° N-m ([Mw 7.77) and 3.32%x10%°N-m (Mw
7.65) for the seismic and geodetic model, respectively.

Ground-Motion Observations and Shaking Levels

We collected strong-motion recordings from the AFAD (see
Data and Resources) for first Mw 7.8 earthquake at 254 sta-
tions based on the following selection criteria: (1) instrument
response removed, band-pass filter applied (low cutoff fre-
quency: 0.025-0.1 Hz and high cutoff frequency: 25-40 Hz),
and baseline corrected; (2) no abnormal recordings (e.g., no
pre-event signals and no obvious peaks); (3) three-compo-
nent recordings available; and (4) VS30 values available.
Moreover, we obtained regional-distance seismic waveforms
from several sites located along the southward extension of
the EAF, the Dead Sea fault, and the Gulf of Agaba, including
stations in Saudi Arabia. We removed the instrument re-
sponse from waveforms, and then filtered them between
0.01 and 50 Hz.

Figure 5 presents an overview of locations of strong-motion
sites (Fig. 5a), selected examples of near-source recordings
that illustrate pulse-like motions due to directivity effects and
long-duration shaking (Fig. 5b), as well as regional-scale
waveforms with well-developed surface waves (Fig. 5c). The
peak ground acceleration (PGA) ShakeMap in Figure 5a doc-
uments PGAs exceeding 0.5g in mainly three areas: near Adi-
yaman, around the wider epicentral region, and over a large
area in the Hatay-Antakia region. Locally, PGA values reached
1g, with one site (TK4614) even showing ~2g horizontal
ground acceleration. In addition, we collected strong-motion
recordings from 150 stations for the second mainshock, ap-
plying the same criteria as for the first event. First-order anal-
ysis of PGA values of the second event reveals overall lower
ground motions (the maximum recorded PGA 0.56g at site
TK4612, the closest to the epicenter at ~67 km distance; Fig.
S12a). However, due to the lack of stations closer to the
fault, even higher shaking levels may have occurred but were
not recorded.

We further compared observations with two empirical

ground-motion models (GMM) used in the 2018 Turkish prob-
abilistic seismic hazard assessment (PSHA; Akkar et al.,

TA NEA THZ EEEEI'M - Ap. 175 - MAIOZ 2023

2018) (Figs. S6-S11). Whereas the first GMM is specific for
Turkiye (Akkar and Cagnan, 2010), the second one applies
to Europe and the Middle East (Akkaret al., 2014). Our pre-
liminary analyses suggested that observed ground motions
exceed median GMM predictions not only for these two
GMMs, both for “raw” observations, and if site-specific cor-
rections for VS30 -based site amplification are applied (Figs.
S7,S9, and S11). These observations are consistent with Gi-
lerce et al. (2016) who modified the Next Generation Atten-
uation-Westl (NGA-W1) GMMs using the Turkish strong-mo-
tion database (so-called "TR-adjusted models”). These TR-ad-
justed GMMs better replicate recorded ground motions, be-
cause they adopted the well-constrained large-magnitude
scaling of the global dataset in the NGA-W1 models. Shake-
Maps for two spectral periods (T = 0.2s and T = 1.0 s) of
spectral acceleration SA(T) reveal the concentrated strong
shaking in several areas (Fig. S13a-d). The regions of par-
ticularly high shaking levels correspond approximately to
fault areas with high slip, whereby extended strong shaking
in the Hatay-Antakia region can be explained by a combina-
tion of strong seismic radiation and local site effects. At sev-
eral sites (e.g., Antakia, Iskenderun, and Arsuz), spectral ac-
celerations exceeded the current building code of Tirkiye
(TBEC-18) at periods T >1 s relevant for tall structures (Figs.
S13e,f).
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Figure 5. Ground-motion observations at local and regional
scales for the Mw 7.8 earthquake. (a) Spatially interpolated
geometric mean of the peak ground acceleration for the
fault-parallel and normal components. Triangles represent
local strong ground-motion seismic stations. (b) Strong-mo-
tion (acceleration) waveforms rotated into fault-parallel (left
column) and fault-perpendicular direction with respect to
the fault strike (right column). Station symbols S1-S3 and
N1-N3 on the map in panel (a) are shown to the left of each
waveform. (c) Broadband three-component velocity wave-
forms from stations with azimuth from the source of about
193° (along the Dead Sea fault). Station names, compo-
nents, and maximum amplitudes are shown to the left of
each waveform; epicentral distances are shown on the right
side of the waveforms. Vertical lines mark P and S arrival
times.

Discussion and Conclusions

We conducted a first-order analysis of the rupture process of
the magnitude Mw 7.8 and 7.6 earthquake doublet of 6 Feb-
ruary 2023 in south-central Turkiye using both satellite and
seismic data. Both earthquakes are large, predominantly bi-
lateral strike-slip ruptures. The Mw 7.8 earthquake initiated
on a side branch to the EAF and transitioned onto the main
EAF with bilateral rupture into the northeast and southwest
directions. Although the event stopped abruptly in the north-
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east (after ~55 s), rupture continued to the south where it
then terminated after ~80 s. Directivity effects due to rupture
propagation along extended straight fault segments as well
as stopping phases due to sudden rupture cessation at fault
extremities led to locally strong seismic radiation for the
Mw 7.8 earthquake. The Mw 7.6 earthquake initiated on the
Sirgl fault, which is 90 km north of the Mw 7.8 epicenter
and ruptured bilaterally for about 150 km. Given its magni-
tude, the Mw 7.6 rupture is shorter and more compact. Con-
sidering the length of both ruptures and their strike-slip
mechanisms, supershear rupture propagation may locally be
expected. We found evidence for such behavior in the back-
projection imaging for Mw 7.6 event, but refined analyses
based on strong-motion records is needed to confirm this in-
itial observation.

PGAs during the Mw 7.8 earthquake locally reached 2g and
exceeded 0.5g over a wide area in the Hatay-Antakia region.
Directivity effects and strong stopping phases are partially
responsible for the observed strong-motion characteristics.
Site effects further amplified ground motions locally. An initial
analysis reveals that shaking levels exceeded median predic-
tions from GMMs used in the most recent regional PSHA (Figs.
S6-S11). Locally, observed spectral accelerations exceeded
the design spectra of the current building code (Figs. S12a
and S13). Ground motions of the second mainshock then hit
already weakened or partially collapsed buildings and infra-
structure, further increasing damage and destruction. In
combination, these effects may provide partial explanations
for the widespread damage and large destruction of these
two earthquakes.

Although the occurrence of two such large earthquakes as a
“doublet” is uncommon, the second event can be physically
explained by stress changes in its epicentral area imposed by
the first mainshock that brought the fault closer to failure
(Stein et al., 2023). Given size and location, we consider the
Mw 7.6 earthquake therefore a second mainshock and not an
unusually large aftershock. Large strike-slip earthquakes like
the Mw 7.8 and 7.6 ruptures of 6 February 2023 are rare but
not uncommon, because they have been observed in the
past. Such multisegment ruptures forming “compounded”
events on geometrically complicated fault structures are a
challenge in standard PSHA.

Data and Resources

Real-time aftershock locations are provided by the Disaster
and Emergency Management Authority (AFAD) available at
https://deprem.afad.gov.tr/event-catalog. Focal mechanism
solutions of the two mainshocks are available at
https://geofon.gfz-pots-

dam.de/old/eqginfo/list.php?mode=mt. Focal mechanisms of
significant seismicity during the period 1 January 2018-6
February 2023 can be downloaded at https://www.glob-
alcmt.org/. Satellite data are available via the Sentinel data
hub at https://scihub.copernicus.eu. Teleseimic waveforms
for backprojection were downloaded from the Incorporated
Research Institutions  for  Seismology (IRIS) at
https://ds.iris.edu/wilber3/find stations/11654089 for the
Mw 7.8 event and https://ds.iris.edu/wilber3/find sta-
tions/11654205 for the Mw 7.6 event. Teleseismic waveforms
for finite-fault inversion were obtained from the IRIS at
https://www.iris.edu, Geoforschungsnetz (GEOFON) at
https://geofon.gfz-potsdam.de, and Observatories and Re-
search Facilities for European Seismology (ORFEUS) at
https://www.orfeus-eu.org data centers, respectively.
Broadband waveforms of Figure 5 are from King Abdullah
University of Science and Technology (KAUST) seismic net-
work (COLA, ASCO, available upon request to the authors),
GEOFON (ELL, MSBI, and UJAP) available at
https://geofon.gfz-potsdam.de, and Lebanese Centre Na-
tional de la Recherche Scientifique-Ecole Normale Supérieure
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(CNRS; BHL, available upon request to the authors). Strong-
motion data are available at https://tadas.afad.gov.tr/event-
detail/15499. The 2018 seismic hazard map of Turkiye is
available at
https://www.resmigazete.gov.tr/eskiler/2018/03/20180318
M1-2-1.pdf. High-resolution aftershock locations are availa-
ble at “A. Lomax (2023). Precise, NLL-SSST-coherence hypo-
center catalog for the 2023 Mw 7.8 and Mw 7.6 SE Turkey
earthquake sequence. (v2.0) [Data set]. Zenodo, doi:
10.5281/zen0do0.7727678". The supplemental material pro-
vides additional material to explain results and support dis-
cussions in the main paper. Specifically, the supplemental
material includes figures on the processing of Sentinel-1 ra-
dar images, further information on the teleseismic back-pro-
jection and finite-fault inversions, and detailed comparisons
of the observed ground motions with empirical ground-mo-
tion models and the design spectra of the Turkish building
code. All websites were last accessed in February 2023.
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Next steps in seismic hazard reduction after the
Turkey earthquakes

Rebecca Owen

A new study offers insights, warnings and recommen-
dations for moving forward from the recent devasta-
tion that followed the Feb. 2023 Turkey earthquakes.

In February 2023, Turkey and Syria experienced two power-
ful earthquakes — the first, a magnitude-7.8 and second, a
magnitude-7.5 event — just nine hours apart. More than
50,000 people were killed and cities were leveled.

As the region reels from the devastation, researchers are
grappling with questions about protecting vulnerable areas
and infrastructure to prevent future deaths in this seismically
active location. A recent commentary in Nature Communica-
tions Earth and Environment revisited the effects of these
quakes in both Turkey and Syria, and outlined the need to
reassess hazards and risk in this region to protect people
from future tragedy.

A pair of unusual earthquakes

At 4:17 a.m. on Feb. 6, 2023, most people in southeastern
Turkey were asleep when the shaking began, causing build-
ings to collapse throughout the densely populated area. Nine
hours later, the second quake amplified the unfolding human-
itarian crisis. Buildings that were damaged in the first quake
fell or were rendered more unstable. As a result, millions of
people in Turkey and Syria have been displaced. This pair of
earthquakes ranks as the fifth deadliest in the 21st century.

This region is well-known for its seismicity, having experi-
enced several large earthquakes in the past. The East Anato-
lian Fault Zone forms the boundary between the Anatolian
Plate and the northern tip of the Arabian Plate. A location like
this one boasts abundant natural resources, like water and
fertile growing regions. But, it also has active fault zones and
plate movements that can disrupt population centers and in-
dustry if an earthquake occurs. This confluence of cities and
seismic activity makes it all the more necessary to under-
stand the potential hazards and to work quickly to prevent
future damage and loss when large earthquakes occur.

— e
Shaking forecast for your =~ St 005,

Iifetime e =

Weok  sworg Vit - ~Nl4 Vo,
Y Winorfal  Maor fadt ‘\ e \74}/‘1.7

Modified Mercalli Intersity

EMSC Earthquakes

000C 000
0 28 4

i temblor”

The East Anatolian Fault hosted the first of two major earth-
quakes that struck Turkey in Feb. 2023. The Siirgii-Cardak
fault ruptured about 9 hours later. Credit: Temblor, CC BY-

NC-ND 4.0
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Historically, earthquakes along the East Anatolian Fault Zone
have varied in magnitude, from moderate (magnitude 6 or
greater) to large (greater than magnitude 7), and these past
earthquakes ruptured separate parts of the fault. The Febru-
ary 2023 earthquake pair was different. Together, these
earthquakes ruptured several segments of the East Anatolian
Fault Zone, “leading to a larger slip than the deficit accumu-
lated since the last large events,” says Luca Dal Zilio, co-
author of the recent article and a senior researcher at ETH
Zurich. “This unusual behavior contributed to the unexpected
magnitude and damage.”

Dangerous buildings

In Syria, where the population is already extremely vulnera-
ble due to ongoing war, structures may be built with sub-
standard materials and design not suitable to withstand a
large earthquake. But even in Turkey, more than 150,000
buildings collapsed or were damaged beyond repair. Origi-
nating in 1947 and last updated in 2018, Turkey’s building
codes address seismic concerns in the region, but these
building specifications need to be followed and enforced in
order to build earthquake resilience, writes Dal Zilio in the
study.

One type of structure that was prone to collapse in Turkey
was nonductile reinforced concrete buildings. These older
buildings lack steel reinforcements that can keep them up-
right and prevent “pancaking” — where one story collapses
onto the one below it. A second type of susceptible building
was a “soft-story” building, says Osman Ozbulut, an associ-
ate professor of civil engineering at the University of Virginia
who was not involved with the study. This type of building
features a garage or open commercial space on the first level
that has less support than the building’s upper levels. Both
older and newer soft-story buildings exhibited this sort of col-
lapse.

“Buildings that were not up to date or designed and con-
structed with poor quality materials did not have a chance to
survive this earthquake,” says Ozbulut. *However, there are
also many buildings — probably designed based on modern
code requirements — that did not collapse but had heavy-to-
moderate damage. Most of these buildings will now be de-
molished,” he says.

Modern seismic building codes are intended to anticipate the
damage done to buildings while still protecting their inhabit-
ants after a strong earthquake. “This performance objective
is called ‘life safety,” says Ozbulut. A building designed with
life safety as its functional goal will sustain damage in a con-
trolled manner and stay standing after an earthquake.
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Conventional Building

Building with Seismic Dampers Seismically Isolated Building

This sketch illustrates how three different types of buildings
behave in the event of an earthquake. The first, a conven-
tional multi-story building, will sway laterally, which can
cause both structural and non-structural damage. The sec-
ond type shows a building with seismic dampers, in which
the swaying is dramatically reduced. The third type is a
seismically isolated building. All movement is concentrated
at the base, in the seismic isolator. Credit: Resilient and Ad-
vanced Infrastructure Laboratory (RAIL) at the University of
Virginia, led by Ozbulut Osman
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New Zealand’s Christchurch earthquakes in 2010 and 2011
revealed the limits of building codes based on life safety re-
quirements. Thousands of buildings designed with this mod-
ern code were damaged so extensively during the quakes
that they had to be demolished, says Ozbulut.

After Christchurch, the engineering community was alarmed
at the performance failures of modern buildings during these
strong earthquakes. One design initiative to come from the
destruction and loss in New Zealand was to build structures
with functional recovery in mind. Functional recovery is when
buildings are designed and constructed not only to protect
inhabitants, but also to prevent damage and enable reoccu-
pancy within an acceptable period of time after an earth-
quake, explains Ozbulut. Although different design strategies
can be employed to achieve a higher performance objective,
seismic protection technologies such as base isolation sys-
tems and seismic dampers can facilitate ‘functional recovery’
after a strong earthquake, he says.

Risk throughout the region

“The Turkey earthquake sequence is a serious alarm for de-
velopers to re-think about the acceptable risks during an
earthquake,” says Ozbulut. Other seismically active areas
nearby, like the segment of the North Anatolian Fault system
south of Istanbul that runs beneath the Marmara Sea, are
also of concern. The Marmara Sea segment may be locked,
and could potentially host a large magnitude event.

“People in Istanbul are also on high alert, newly reminded of
the seismic hazard that looms over them, with the knowledge
that buildings in the area may not be trustworthy,” says Ju-
dith Hubbard, geologist and visiting assistant professor at
Cornell University, who was not involved with the recent ar-
ticle.

The Dead Sea Fault system is another nearby concern, with
a long historical record of infrequent but large earthquakes.
A northern segment of this fault had three large earthquakes
in the past 2,000 years between AD 100 and 750 and has
now gone 850 years without a significant earthquake. Politi-
cal and social turmoil in the region might make it difficult for
necessary retrofitting and repair to ensure safer buildings be-
fore that next large event arrives. “After an earthquake there
are always some international aid efforts, but the biggest
payoff would be work before the next big earthquake,” says
Hubbard.

Reducing vulnerability and building resilience

To better prepare for future hazards, Dal Zilio has several
suggestions to lessen the impact of future large quakes and
aid in recovery: update and enforce building codes to make
new construction perform better in a strong earthquake; pri-
oritize the retrofitting of older buildings; launch public aware-
ness campaigns to inform residents of how to protect them-
selves and their property; and improve emergency response
services. Promoting hazard insurance — which is required in
Turkey — might be another way to help residents recoup their
losses and recover more quickly. Dal Zilio also suggests in-
vesting in more research for early warning systems, and en-
couraging collaborations among urban planners, seismolo-
gists and residents to build seismically safer cities.

“Understanding why some earthquakes are particularly dev-
astating is important, but often earthquake science remains
divorced from human impacts,” says Hubbard. She adds that
while earthquake science mostly focuses on understanding
faults, “in the wake of a large earthquake, it is really im-
portant to think about why the science matters to people.”
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“"The underground space is often undervalued
as an asset”

A conversation between Arnold Dix, President

of ITA and Nikolaos Roussos, President of GTS

World Tunnel Congress 2023
“The underground space is often undervalued as an
asset”

As the new edition of the WTC in Athens from 12 to 18
May approaches, Arnold Dix, President of the Interna-
tional Tunnelling and Underground Space Association
and Nikolaos Roussos, President of the Greek Tunnel-
ling Society, discuss several topics around tunnelling,
its multiple challenges and the congress.

With the WTC approaching in May, what is the state of
the tunnelling sector globally and particularly in
Greece?

AD: Globally this sector has never been busier with major
infrastructure being delivered as part of economic stimulus
packages in many countries. Also the role of underground
infrastructure in adaptive and resilient responses for the chal-
lenges posed by the changing climate has seen a boom in
flood diversion, hydro power, sewerage and mountain trans-
portation projects.

NR: We see this trend here in Greece and in Athens. Its un-
derground network has expanded considerably in recent
years and this development is now accelerating significantly.
The Metro Line 3 Extension Project to Piraeus was success-
fully finished in October 2022, with the public opening of the
final three new stations, Maniatika, Piraeus, and Dimotiko
Theatro. The project, which included a 7.6 km long twin-track
running tunnel, six new modern stations, and seven ventila-
tion shafts, is one of the most significant expansions for the
greater area of Athens and Piraeus region in decades.

Let’s stay on the tunnelling activity in Greece and es-
pecially in Attica region. A major plan for the extension
of the metro network in Athens is under discus-
sion. Why are these projects essential?

NR: At this time, in Athens, a Metro network with over 110
stations is proposed, with 35 new stations in 9 extensions.
After a decade of focusing Metro projects on the extension of
Line 3 in Piraeus and the effort to begin the implementation
of Line 4, new goals appear to be established for the coming
years. The goal is to connect with other means, expand the
network, and create new growth poles in the city, making
Athens a friendlier city to its citizens and visitors.

Major plans for the extension of metro networks in big cities
are essential for improving transportation, reducing conges-
tion, promoting economic development, and enhancing urban
mobility. These projects can have a significant positive im-
pact on the lives of people in the city, making them a crucial
investment for the future.

Sustainability in tunnelling and resilience against cli-
mate change. What’s your view? Does the scarcity of
urban space resources make the underground space
planning de facto more sustainable?

AD: The threats posed to urban environments like climate
change, tend to relate to less reliable surface assets like
roads, railways, power distribution, and surface drainage, be-
cause more frequent, higher intensity storm events and more
severe weather (such as heat or cold), tend to damage and
render existing surface infrastructure compromised.

This then raises the prospect of more adaptive infrastructure
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of which the underground delivers many unique opportuni-
ties. The sustainability of such options depends partly upon
the consequences of building and operating them on the cli-
mate emergency itself. Enormous improvements have been
made to the environmental implications of building such in-
frastructure including low carbon materials and techniques.

NR: Moreover, tunnels can provide additional space for sus-
tainable infrastructure such as underground water storage
and renewable energy production.

Regarding the scarcity of urban space resources, yes, plan-
ning for the use of underground space can be considered
more sustainable due to the limited availability of above-
ground space in urban areas. By utilizing the underground
space for transportation, utility corridors, and other infra-
structure needs, it can help reduce the demand for above-
ground space, which can help preserve green space and im-
prove the overall liveability of urban areas.

Arnold Dix and Nikolaos Roussos

Precisely, the WTC 2023 will be under the sign of "Ex-
panding Underground”. Is the underground space un-
dervalued as an asset?

NR: There is a significant amount that can be done below the
surface of our cities, and the underground space is often un-
dervalued as an asset. There are several reasons to explain
that. Firstly, there is a lack of awareness and understanding
of the potential uses and benefits of underground space.
Many people may not realize that the underground space can
be used for more than just transportation tunnels and utility
tunnels.

Secondly, there are technical and logistical challenges asso-
ciated with developing underground space. Excavating and
constructing underground structures can be complex and
costly, and requires specialized knowledge and equipment.

Thirdly, there may be regulatory and legal barriers to devel-
oping underground space. For example, there may be re-
strictions on the use of underground space in certain areas
or limitations on the height or depth of structures that can be
built.

AD: The area under cities is a spatial resource that is dimen-
sionally limited but usually underutilised and undervalued.

There are enormous opportunities under most cities to aug-
ment the surface for greater human enjoyment and to deliver
efficient and effective transportation, water, sewerage, en-
ergy, dangerous or confidential endeavours, strategic activi-
ties, and other complex human endeavours underground.

Sustainability in tunnelling and resilience against cli-
mate change. What’'s your view?

AD: The threats posed to urban environments like climate
change, tend to relate to less reliable surface assets like
roads, railways, power distribution, and surface drainage, be-
cause more frequent, higher intensity storm events and more
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severe weather (such as heat or cold), tend to damage and
render existing surface infrastructure compromised.

NR: Tunnelling can help reduce the environmental impact of
transportation by providing underground mass transit sys-
tems, which can reduce the need for individual cars and im-
prove air quality. Additionally, tunnels can be used to provide
underground utility corridors, which can reduce the need for
overhead transmission lines and help protect against extreme
weather events.

Regarding the scarcity of urban space resources, yes, plan-
ning for the use of underground space can be considered
more sustainable due to the limited availability of above-
ground space in urban areas. By utilizing the underground
space for transportation, utility corridors, and other infra-
structure needs, it can help reduce the demand for above-
ground space, which can help preserve green space and im-
prove the overall liveability of urban areas.

In conclusion, tunnelling can play an important role in pro-
moting sustainability and resilience in the built environment,
and the scarcity of urban space resources makes under-
ground space planning an attractive option for meeting infra-
structure needs. However, it is important to balance the po-
tential benefits of underground development with the need
for responsible planning and management to ensure that it is
sustainable and does not have negative impacts on the envi-
ronment or surrounding communities.

An extended version of this conversation will be avail-
able in the press kit of the WTC 2023.

Please find more information on the website:
https://wtc2023.gr
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OUMMETEXOVTWY. Ta Baoikd 6€pata nou KaAugbnkav
NEA Ano TIZ agopouoav Tnv avabewpnon Tou Eupwkwdika EN 1997-3,
KepdAaio 9, KaTaokeuéG onAIONEVWV ENIXWOEWY, TIG APXEG

EAAH N I KEZ KAI OXEDIAOUOU ONAICHEVWV EMIXWHATWOV, TOiXWV ONAICHEVNG YNG

Kal akpoBadpwv YeEQUPWV, TOV OXeSIAOMO OMAICHEVWV

AI Ee N EIZ Baoswv kAl  OTPWOEWV  emkAAuwne  XYTA,  ev®

napouciacTnkav napadeiyyata €Qapuoywv O €pya Kal

domkav | o <o .
FEEQTEXNIKEZ ENQZEI2 OnNOWEVGY | ENNGOEDY, | VEC  epapoYEq  (enyopata

npooTaciag &vavtl  BpaxonTWOEwV) Kal TNV avaiuon
-gsﬂﬁreece

a&lonioTiag ToiXwv onAIoUEVNG YNG.
EAAHNIKOZ ZYNAEZMOZ N’EQZYNOETIKQN YAIKQN
HELLENIC GEOSYNTHETICS SOCIETY (HGS)

O EAANVIKOG ZUvdeopog MewouvBeTikwV YAikwv (EZTY, 1GS-
Greece) dlopyavwoe TNV ekdNAwon We TiTAO “FewouvOeTIKa
yia ‘OnAion Edagoucg”, oTig 28/4/2023, otnv ABrva (AiBouca
EkdnAwoewv TEE). MpookekAnUEVOG OMIANTAG Tav o K. Pietro
Rimoldi, Mpdedpog Tng Texvikng EmTponng Tng Algbvoug
'Evwong MewouvOeTikwv (IGS) via Evioxuon pe FewouvBeTIKa
YAIka (TC-R). =10 nepiBwplo TNG ekdNAwaong, TIMABNKav yia
TAV Npoo@opd TOUG Ol MponyoUdevol Mpoedpol  Tou
ouvdEgpou, KK. A. ATpaTtidng, OpoTipog Kaénynmng Mav.
MaTp®dv Kai Ap. Av. KOAIOC. BpaBeuon Oup. Kab. A. ATpatiidn ano Tov MNpodedpo Tou
EZIY, Ka®. I. Mapkou

Yrnodoxn Kal eyypa@r GUPHPETEXOVTWV

BpaBeuon Ap. Av. KoAAloU ano Tov AvTinposdpo Tou EXTY,
K. An. PiToo

AIGAEEN «[ewouvBeTIKA yia ‘'OnAion Eddgoug» anod Tov k. P.
Rimoldi

Tn 81dAeEN napakohouBnoav népav Twv 60 gyyeypapuévwy
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To AloiknTikd ZupBoUAIo Tou ESTY pe Tov K. P. Rimoldi kai
TOUC Nponyoupevoug Mpoédpoug Tou

(C- 48 -0)
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ExnaidsuTikn Ekdpoun ®oirntov
EpyaoTnpiou ESapopnXavikng, OeHeEAIOCE®WV Kal
FemTEXVIKNG ZEICHIKAG MNXAavIKAG
Tou Topéa MFeWTEXVIKAG MNXavikng
Tou TpRpaTog MoAITik®v Mnxavikav ANO
oTtnv A6nva

To Epyaomipio Edagopnxavikng, OedeA®oswyY  Kal
FewTEXVIKNG ZEIOHIKAG Mnxavikng Tou Topéa MeEWTEXVIKAG
Mnxavikng Tou Tunuatog TMoAITkwvV Mnxavikwov AMNO
opydvwoe eknaideuTikn ekdpoun otnv ABrva omg 11-13
Maiou 2023 yia Toug @oITNTEG Tou 3% kal 4°Y €Toug. ZTO
nAaicio  Twv  padnudtwv  “Edagopnxavikn 11”7 kai
“Oepehiwoelg,  AvTioTnpielg  kar  FewTexvika  Epya”,
npaypartonoinénkav eniokéwelg ota epyota&ia tng ATTIKO
METPO otnv KaTtexdkn kai oto F'NA oTn véa ypauun 4 Tou
MeTp6 TnG ABrvag, oe €va epyoTda&io Babidg ekokapng kai
avTioThpiENG Tng REDEX oTo MapouUai, kal oTo €pyoTagio Tou
Riviera Tower ato EAANVIKO.

O1 @oITNTéG pag eixav Tnv €ukaipia va douve and kovTd
HEYAAQ YEWTEXVIKA £€pya, ONwG Ta Babia ¢peata Tou MeTpod,
Babieg ekoka®Eg, €pya avTioTnPIENG Kal Babieg BePeNIDOEIG.
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EuxapioToUpe Ogpuda Tnv ATTIKO METPO, Tnv AVAX, Tn
REDEX, Tnv HARIS P. LAMARIS & ASSOCIATES, tTnv EAPAZH,
Tnv INTRAKAT ka1 1o Ellinikon Project yia Tn @iAo&evia kai n
31a06g0n va Eevayrnoouv Toug QpoITNTEG Jag OTa UNO KATAOKEUN
£€pya TouG.
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KwvoTavTivog Mewpy1adng
KaBnynTng MoAuTeXVIKAG =X0ANG AMNO

AnunTpiog MIMAAKNG
AvanAnpwTng KadnynTtrg MoAuTeEXVIKAG =X0ANG AMNO
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ExnaideuTikn Ekdpopun doitntov
KaTteuOuvong MewTexvoAoyiag ZXoAng
MeTaAA€loAOywv MeTaAAoupy®v Mnxavikeov
EMN

Mpayuatonomdnke vyia pia akoépa xpovid n  Tpinuepn
ExknaideuTikny Ekdpopn pe Toug ®oitnTeg TnG KaTteuBuvong
lewTexvoAoyiag Tng ZxoAng MeTaAAeloAoywv MeTaAloupywv
Mnxavikwv - EMI.

MARBog oTacewv oe afidhoya TeEXVIKA €pya Kal O
evOIaPEPOVTA YEWAOYIKA Qalvopeva.

e Aekavn Kwnaidag,

e Znpayya Kvnuidag kai Pypa Ayiou KwvoTavTivou,

e OnAlopéva Enixwpata otov E65 - Zuviada

o EJaQIkEG Ynoxwpnoeig AuTikou ©ggoalikoU Kaunou

e KaTtoAioBnon PonwTtou TpikadAwv

e AOQaATIKa, E36 - Turua TpikaAa - MUkavn

e Avartiva&n Opuypatog, E36 - Tunua Tpikaha - MUkavn
e Cut and Cover, E36 - Tufjpa TpikaAa — MuUkavn

e 3npayyeg ZiTapd, E36 - Turua Mukavn - MpePeva
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e Avapyupol, ApivTaio, ESaikég Ynoxwpnaoeig SIMSG ISSMGE
e KaTtoAioBnon Opuxeiou ApuvTaiou

e BaATtovepa, ApuvTaio, Eda®ikeG Ynoxwpnoeig
e Opdayua Nepdika, MToAeuaida

e Nikn, Eda@ikéG Ynoxwpnoelig AvaToAlkoU OgooaAikoU
KApnou

International Society for Soil Mechanics and
Geotechnical Engineering

ISSMGE News & Information Circular
May 2023
www.issmge.org/news/issmge-news-and-information-circu-
lar-May-2023

1. ISSMGE HERITAGE TIME CAPSULE (HTC) UPDATE

The HTC contributions of the Sri Lankan Geotechnical Soci-
ety and Technical Committee TC 307 Sustainability in Ge-
otechnical Engineering are now available for viewing in Part
A of the HTC (https://www.issmge.org/the-society/time-cap-

sule/part-a).

The following two papers were added to the contributions for
ISSMGE Past President, M. Jamiolkowski (Italy) in Part B of
the HTC (https://www.issmge.org/the-society/time-cap-

Ta €€0da Tng ekdpounG KaAugpdnkav oe nocoatd 100% and sule/part-b).

TIG EUYEVIKEG XOPNYieg Twv eTalpi®v TEPNA kal Kovta&rg ATE ) ) i

Kal QUOIKA Kal PE TNV apwyr] Tou EMIM, To onoio KAAUWE To e Jamiolkowski, M., Ladd, C.C., Germaine, J.T., Lancellotta,

HEYAAUTEPO HEPOC TOU KOOTOUC TOU AEWPOPEIOU. R. (1985). New developments in field and laboratory test-
ing of soils. 11th International Conference on Soil Me-

H ekdpour) dev Ba eixe emituxia Xwpic TN GUPBOAR Tou chanics and Foundation Engineering, San Francisco, Cali-

ouvadél@ou MoAimikoUu MnxavikoU  =Talpou ZouunouAn, fornia, USA, pp. 57-153.

npoioTapévou Tou gpyoTagiou Tng TEPNA, nou ouvTovioe TNV

eniokewn otov E65. Eniong kaBopIoTIKNAG onuaaciag frav Kai n e Jamiolkowski, M. (2001). The leaning tower of Pisa: End

OUMBOAR  TnG eTaipiag EXTRACO SA pe Tnv  noAU of an Odyssey. 15th International Conference on Soil Me-

evdlapEpouoa napouaiaon TNG TexvoAoyiag aixung oto nedio chanics and Geotechnical Engineering, Istanbul, Turkey,

TWV avaTiva&ewv Kabwg kal Je TV npayuaronoinon nidsiEng pp. 2979- 2996

napouadia TwWV QOITATOV HAG.

Part C of the HTC (https://www.issmge.org/the-soci-
ety/time-capsule/part-c) now includes Discoverer reports
from Choo Siung Chung, Malaysia, and Monica L6fman, Fin-
land.

2. ISSMGE BULLETIN

The latest edition of the ISSMGE Bulletin (Volume 17, Issue
1, April 2023) is available from the website.

3. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 315t May 2023. Click here for
further information on the ISSMGE Foundation.

4. CONFERENCES

Member Societies, Technical Committees, Sister Socie-
ties and related organisations may add their events di-
rectly to the ISSMGE Events database via the link +

Ta xapdyeha Tov naidiov pag n andAutn anolnuioon yag!!! Submit Event at the top of the EVENTS page
KwvoTavTivoc Aounacdkng For a complete listing of all ISSMGE and ISSMGE supported
Enikoupoc KaBnynTAc, E.M.M. conferences, and full information on all events, including

deadlines, please go to the Events page at
https://www.issmge.org/events. For updated information
please refer to that specific events website.

“3 The following are events that have been added or amended
since the previous Circular:

ISSMGE EVENTS
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GEO-CONGRESS 2024 - 25-02-2024 - 28-02-2024 Fair-
mont Waterfront, Vancouver, BC, Canada; Language: Eng-
lish; Organiser: Geo-Institute of the American Society of Civil
Engineering (G-I of ASCE); Contact person: ASCE registra-
tion; Email: reqgistrations@asce.org; Website:
https://www.geocongress.org/

NORDIC GEOTECHNICAL MEETING - NGM 2024 - 18-
09-2024 - 20-09-2024 Lindholmen Science Park, Gote-
borg, Sweden; Language: English; Organiser: Swedish Geo-
technical Society; Contact Information: Victoria Svahn; Ad-
dress: Sveaborgsvdagen 16; Email: info@sgf.net; Website:
http://www.ngm?2024.se;

XVIII AFRICAN REGIONAL CONFERENCE ON SOIL ME-
CHANICS AND GEOTECHNICAL ENGINEERING - 06-10-
2024 - 09-10-2024 Algiers, Algeria; Languages: English &
French; Organiser: Algerian Geotechnical Society; Contact
Information: Algeos; Address: USTHB, Faculty of Civil Engi-
neering BP 32 El-Alia - Bab-Ezzouar; Phone: (213)
66130954 ; Fax: (213) 21247224 : Email: secretar-
iat18ARC@algeos-dz.com; Website : https://algeos-
dz.com/18ARC.html

5TH EUROPEAN CONFERENCE ON PHYSICAL MODEL-
LING IN GEOTECHNICS - 02-10-2024 - 04-10-2024 Del-
tares, Delft, Netherlands; Language: English; Organiser: Del-
tares & Delft University of Technology; Contact person: Su-
zanne van Eekelen & Miguel Cabrera; Email: organisa-
tion.ecpmg24@gmail.com

5TH INTERNATIONAL CONFERENCE ON TRANSPORTA-
TION GEOTECHNICS - 20-11-2024 - 22-11-2024 Syd-
ney Masonic Centre, 66 Goulburn Street Sydney NSW 2000
Australia; Language: English; Organiser: UTS Transport Re-
search Centre (https://www.uts.edu.au/research/transport-
research-centre); Contact person: Dr Chamindi Jayasuriya;
Address: 15 Broadway; Email: chamindijaya-
suriya@gmail.com; Website: http://www.ictg2024.com.au;
Email: Cholachat.Rujikiatkamjorn@uts.edu.au

NON-ISSMGE EVENTS

DFI 48TH ANNUAL CONFERENCE ON DEEP FOUNDA-
TIONS - 31-10-2023 - 03-11-2023 Seattle Convention
Center, Seattle, United States; Language: English; Organ-
iser: Deep Foundations Institute; Contact person: Theresa
Engler; Address: 326 Lafayette Avenue; Phone:
9734234030; Fax: 9734234031; Email: tengler@dfi.org;
Website: http://www.dfi.org/annual2023
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1st SLRMES conference in Colombo, Sri Lanka - call for
Abstracts - 2023-05-03

The Sri Lankan Rock Mechanics and Engineering Society
(SLRMES) invites you to participate in the 1st SLRMES Con-
ference on Rock Mechanics for Infrastructure and Geo-Re-
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sources Development to be held in Colombo, Sri Lanka during
December 2-7, 2023.

Participants are invited to submit 1-2-page Abstracts on any
rock mechanics/engineering topic related to the aforemen-
tioned theme. The deadline to receive the abstracts is May
31, 2023. Information on the conference and procedures to
submit abstracts are given on the website: www.slrmes.org.

Click here for the Call for Abstracts flyer

2nd International Workshop on Complex Formations -
2023-05-04

The Italian Geotechnical Society (AGI) is organizing the 2nd
International Workshop on Complex Formations, to take
place on 9 May, at the Maxwell Conference Room at the Poli-
tecnico di Torino.

For registration contact: agi@associazionegeotecnica.it

Click here to see the Workshop flyer

42nd ISRM Online Lecture by
Professor Antonio Bobet on
June 22 - 2023-05-09

The 42nd ISRM online lecture will
be delivered by Professor Antonio
Bobet, from USA. The title of the
lecture is “The Mechanics and Im-
aging of Slip along Frictional Dis-
continui-ties”. It will be broad-
casted on 22 June 2023, 10 A.M.
GMT at

https://isrm.net/page/show/1104.

4th European Rock Mechanics Debate "Two different
tunnelling approaches: the New Austrian Tunnelling
Method (NATM) and the Norwegian Method of Tunnel-
ling (NMT)" on 19 June - 2023-05-22

The 4th European Rock Mechanics Debate with Wulf Schubert
from Austria and Krishna Kanta Panthi from Norway will take
place on the 19 June. The title is "Two different tunnelling
approaches: the New Austrian Tunnelling Method (NATM) and
the Norwegian Method of Tunnelling (NMT)".

You can download the flier and register at this link:
https://bit.ly/isrmdebatejune23

Election of the ISRM Regional Vice Presidents 2023/
2027 - 2023-05-30

The election of the ISRM Regional Vice Presidents for the term
of office 2023/2027 will take place during the Council meet-
ing to be held in Salzburg on 10 October 2023.

The nominations submitted are available in the link
https://isrm.net/page/show/1209?tab=1671
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Online Course of Slope Engineering on the ISRM web-
site - 2023-05-30

The online Course of Slope Engineering is being produced by
Professor Wu Shunchuan from Kunming University of Science
and Technology, China.

Focusing on the stability of slope engineering, the course
starts from the basic concept and theory of slope, and then
introduces the influencing factors, calculation methods,
treatment measures and engineering effect monitoring of
slope stability. The course has 10 parts, with a total of 37
lectures and will gradually be uploaded on the ISRM website.

The first three parts in a total of 8 lectures are now available
in link: https://isrm.net/page/show/1682
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Scooped by ITA-AITES #91, 2 May 2023

Ontario advancing contract for Yonge North Subway Exten-
sion | Canada

In just 77 days, Agra Metro Rail Project reached major mile-

stone | India

Norwegian tunnel upgrades are underway

Thane-Borivli tunnel project on verge of taking off, two bid-
ders shortlisted | India

First undersea tunnel opens in northeast China

Contractors selected to submit tunnelling bids for Saudi meg-
aproject Neom's railway junction | Saudi Arabia

Gateway Tunnel project split into four parts to speed up con-

struction | U.S.A.

Athens prepares for the World Tunnelling Congress | Greece

Underground Metro stations to get island platforms | India

The potential of water for thermal energy storage under-

ground | Sweden

Scooped by ITA-AITES #92, 16 May 2023

Melbourne’s West Gate Tunnel achieves final TBM break-
through | Australia

Gateway Development Commission notes progress on Hud-

son Tunnel Project | United States of America

D.C. Metro's Yellow Line to return May 7 after bridge, tunnel

project | United States of America

Toronto sewer project aimed at lowering risk of basement

floods gets underway | Canada
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Is the future of driving underground? Boring Company to ex-
pand Vegas Loop to 69 stations | United States of America

3rd tunnel under Bosporus in the works, set to open in 2028
Tarkyie

Portugal's Braga approves €5.2m for road tunnel
modernisation

Gus Klados recalls his early Athens Metro TBM drive experi-
ences

National Grid's record breaking cement free concrete pour |
UK

NCRTC achieves another tunnel breakthrough | India

Scooped by ITA-AITES #93, 30 May 2023

Delhi Metro to monitor real-time condition of buildings during
tunnelling work | India

Progress on Suburban Rail Loop (SRL) East in Glen Waverley

Australia

Milestone for Snowy 2.0 project as second tunnel excavated
- International Water Power | Australia

Construction resumes for Bolivian tunnel link | Bolivia

New subway's second boring machine reaches Broadway-City
Hall Station | Canada

Infrastructure Minister inspects works on Murriz tunnel | Al-
bania

Thames Tideway marks secondary lining achievement | UK

A deep underground lab could hold key to habitability on Mars

LUK

Preparatory work for Rs7.34 billion (83M€) Siddhababa tun-
nel project begins | Nepal

DL E&C wins bid for Namhae-Yeosu undersea tunnel project

South Korea

Mersey Tunnel closure plans as upgrade work to begin | UK

Agra Metro's TBM re-launched for Taj Mahal Station, marking
a new milestone | India
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BTSYM Workshop In-Person

Low Carbon Sprayed Concrete — Maximising the
Potential for Carbon Reduction

Speakers: Chris Peaston & Stuart Manning

Thursday 25th May 2023 at 15:30 to 17:30 hrs
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BTSYM welcomes you to an in-person interactive workshop
where the results of an innovative research based on spray-
ing trials will be presented and discussed.

This work demonstrates the potential for the substitution of
70% of the typical CEM I (Portland Cement) content with slag
(GGBS), while meeting typical industry standard sprayed
concrete lining (SCL) specification performance criteria,
achieving a 60% reduction in embodied carbon.

Workshop Agenda:

e Introduction to sprayed concrete

e Introduction to HS2 Innovation Team funded low carbon
sprayed concrete (LCSC) project

e Project progress to full scale site production

e Networking break

e Embodied carbon content calculations in sprayed concrete

e Discussion & Close

(C- 48 -0)

o oe INTERNATIONAL
=== GEOSYNTHETICS
=== SOCIETY

Webinar
Service Life of Geomembranes in
Hydraulic Applications

Eric Blod

Technical Committees on Barrier Systems (TC-B) and Hy-
draulics (TC-H) Live Webinar - 31 May - IGS

About the webinar

With the global increase of population, management of water
is becoming a critical concern in many regions of the world,
as it affects all aspects of human life: drinking water, irriga-
tion, as well as hydroelectricity and industrial demand. Hy-
draulic structures have historically been built to control wa-
ter, using clay, concrete or roller-compacted bituminous ma-
terials as sealing materials. Some are still standing after cen-
turies or even millenniums.

However, the number of failures recently observed on such
structures suggests that the performance and durability of
the materials that were used has been overestimated. On the
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other hand, attempts to use geomembranes as sealing layers
in dams, canals and reservoirs have been made since their
invention in the middle of the XXth century. After about 70
years, it is possible to observe the performance of various
types of geosynthetics used in such structures. It is also pos-
sible to predict with reasonably good reliability their antici-
pated service life using both field and laboratory observa-
tions. It is shown that the service life of most geomembranes
can easily exceed the typical design life of hydraulic struc-
tures, in exposed or covered applications.

About the speaker

Eric Blond is an independent consultant providing technical
services to the geosynthetics and building materials indus-
tries. He is actively involved in several technical committees
and associations. He is Chairman of the ASTM D35.10 Sub-
committee on Geomembranes, Chairman of the Canadian
Mirror Committee of ISO TC221, IGS Council Member, Chair-
man of the IGS Technical Committee on Hydraulic, and Sec-
retary of the IGS North American Chapter, among others. Eric
Blond is the author of over 100 technical papers, conferences
and courses. He is a lecturer at Ecole Polytechnique de Mont-
réal where he introduces geosynthetics to undergraduate
students, and the design of geosynthetic lining systems to
graduate students. He also offers customized training to en-
gineering companies. He is registered as a professional engi-
neer in Quebec and Alberta.

Registration

Time zone 1: 31 May 2023, 22:00 EDT / 1June 2023, 2:00
UTC / 31 May 2023, 21:00 CDT / 1 June 2023, 12:00 AEST/
1 June2023, 4:00 CEST

Time Zone 2: 5 June 2023, 8:00 EDT / 5 June 2023,12:00
UTC / 5 June 2023, 7:00 CDT / 5 June 2023, 22:00 AEST / 5
June 2023,14:00 CEST
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bimrocks.com

Lectures from the 2nd International Workshop
on Complex Formations
Turin, Italy on May 9 2023

The 2nd International Workshop on Complex Formations
was held on May 9 2023 at Turin, Italy. Attendance was
good and the Program was excellent.

I gave two lectures, one of which surveyed the evolution of
bimrocks and bimsoils over the last 30 years. The other lec-
ture outlined some of the certainties and doubts that I have
about characterizing bimrocks and bimsoils at site scales.

PDFs of six of the seven Lectures presented are now available

at the bimrocks.com website (click on the image of the Work-
shop poster below)
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In presence at

2nd INTERNATIONAL WORKSHOP 4wy il

= |
Energy Center - Conference Room
Via P. Borsellino, 38 int. 16 - Torino

and live online

8:30 ~ 9:00  Registration of participants

9:00 - 930 Opening ceremony

9:30 - 10:00 Different shades of chaos: geological insights on
complex formations - Dr: K. Ogata

10:00 = 1030 Practical classification of complex formations:
linking geology and geotechnics - Prof. A Festa and Eng. M.L.
Napoli
03

10:30 - 11:00  Coffee break
11001130 Some  certainies and  doubts  about
h of in-situ bimrocks and bimsails - Dr. E. Medley

11:30 1200 Colombian block-in-mafrix soils: observations,
hypoth and approaches to und d slope-stability - Prof.
L.0. Suarez-Burgoa

12:00 - 12:30 Discussion

12:30 - 14:00 Light lunch

14:00 - 1430 Suggestions for the numerical modelling of
heterogeneous block-in-matrix rock masses - Eng. M.L. Napoli
14:30 - 15.00 A 3D DEM modelling approach for investigating the
mechanical behavior of bimsoils — Prof. D. Boldini and Dr. H. Zhang

e . 15:00 - 1530 30 years later: BimPapa reflections on the evolution
For registration please fill in the | of bimrocks - Dr. E. Medley
registration form and send it fo:| .-y 1c00 Discussion

agi@associazionegeotecnica.it together

with a copy of payment.

Sponsored by
TECNESYSTRASWS geosolving
A d ACVANCED TUNNELIG waw.geo solving com

https://bimrocks.com/lectures-from-the-2nd-international-
workshop-on-complex-formations-turin-italy-on-may-9-

2023/
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FEQTEXNIKQN AITES e
MHXANIKON Ioannis Fikiris Vice-President of the

ITA Executive Council

The 4th Vice-President of the ITA Executive Council has just
been elected by the representatives of the Member Nations.
Congrats loannis Fikiris!
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loannis Fikiris

O Nik6Aaog BAaxonouAog Engineering Institute
of Canada Fellow (FEIC)

The Engineering Institute of Canada (EIC), founded in 1887,
is pleased to announce the winning recipients of its 2023 sen-
ior engineering awards and fellowship inductees. The senior
awards of the EIC are the highest distinctions made by the
Institute and are awarded to deserving members of its 14
constituent societies.

Six exceptional engineers are being awarded EIC’s 2023 en-
gineering medals in recognition of their outstanding achieve-
ments and service to the engineering profession. In addition,
a total of 22 outstanding engineers will be inducted as 2023
EIC Fellows for their exceptional contributions to engineering
in Canada.

2023 EIC FELLOWS
For excellence in engineering and services to the profession
and society

Nicholas Vlachopoulos (CGS), Royal Military College of
Canada, Kingston, ON
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEIZ>

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

UYAK 2023 5% International Underground Excavations Sym-
posium and Exhibition Cities of the Future, Urban Tunnelling
and Underground Excavations, 5-6-7 June 2023, Istanbul,
Turkey, https://uyak.org.tr

17DECGE Danube - European Conference on Geotechnical
Engineering, 7-9 June 2023, Bucharest, Romania,
https://17decge.ro

SuperPile’23 Piling Design & Construction Conference, June
7-9, 2023, Atlanta, USA, www.dfi.org/superpile2023

3rd JTC1 Workshop on “Impact of global changes on landslide
risk”,7 - 10 June 2023, Oslo, Norway, https://jtc1-2023.com

RETC2023 Rapid Excavation and Tunneling Conference, June
11-14, 2023, Boston, USA, www.retc.org/index.cfm

ICOLD Annual Meeting 2023, 11™ to 15™ June 2023 Gothen-
burg, Sweden, https://icold-cigh2023.se

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.iceg2022.0org

DFHM8 TORINO 2023 8th International Conference on Debris
Flow Hazard Mitigation, 26-29 June 2023, Torino, Italy,
http://dfhm8.polito.it

NUMGE 2023 - Numerical Methods in Geotechnical Engineer-
ing 2023, 26 - 28 June 2023 Imperial College London, UK,
www.imperial.ac.uk/numerical-methods-in-geotechnical-en-
gineering

AFRICA 2023 - The Fourth International Conference and Ex-
hibition on Water Storage and Hydropower Development for
Africa, 10-12 July 2023, Lake Victoria, Uganda,
www.hydropower-dams.com

GEO-RISK 2023 Advances in Theory and Innovation in Prac-
tice, July 23-26, Arlington, Virginia, USA, www.geo-risk.org

STPRFC 3™ Edition Short-Term Prediction of Rock Failure
Competition  August 2023, Taiyuan, China, alv-
1001@163.com, zc-feng@163.com

S3: Slopes, Support and Stabilization Conference, August 8-
10, 2023, Boston, USA, www.dfi.org/s32023

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

ISMLG 2023 - 4™ International Symposium on Machine
Learning & Big Data in Geoscience, 29 August - 1 September
2023, University College Cork, Ireland, www.ismlg2023.com
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IS-PORTO 2023 8th International Symposium on Defor-
mation Characteristics of Geomaterials, 3rd - 6th September
2023, Porto, Portugal, www.fe.up.pt/is-porto2023

6" Meeting of EWG Dams and Earthquakes Workshop on
Case studies, September 5, 2023, Interlaken, Switzerland,
guillaume.veylon@inrae.fr

12th ICOLD European Club Symposium “Role of dams and
reservoirs in a successful energy transition”, 5 to 8 Septem-
ber 2023, Interlakes, Switzerland, @ www.ecsympo-
sium2023.ch

NGS 2023 10" Nordic Grouting Symposium, 11 - 13 Septem-
ber, 2023, Stockholm, Sweden www.ngs2023.se

SUT OSIG 9* International Conference “Innovative Geotech-
nologies for Energy Transition”, 12-14 September 2023, Lon-
don, UK, www.0sig2023.com, www.sut.org

SAHC 2023 13" International Conference on Structural Anal-
ysis of Historical Constructions “Heritage conservation across
boundaries”, 12-15 September 2023, Kyoto, Japan,
https://sahc2023.0org/

TKZ2023 XX Technical Dam Control International Conference
Safety of Hydraulic Structures, 12-15 September 2023, Chor-
zO6w Poland https://tkz.is.pw.edu.pl

The 11th International Conference on Scour and Erosion 17-
21, September 2023, Copenhagen, Denmark,
https://icsell.org

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

GROUND ENGINEERING SUSTAINABILITY, 21 September
2023, London, U.K., https://sustainability.geplus.co.uk/sus-

tainability/en/page/home

Charles-Augustin COULOMB : A geotechnical tribute, 25 - 26
September 2023, Paris, France, www.cfms-sols.org/organi-
sees-par-le-cfms/charles-augustin-coulomb-geotechnical-
tribute

GEOCASE 2023 International Conference on “Case Histories
In Geotechnical Engineering” & 4th AsRTC6 Urban Geoengi-
neering Symposium, September 25 - 28, 2023, Bandung, In-
donesia, www.geocase2023.com

SEG23 Symposium on Energy Geotechnics, 3-5 October
2023, Delft, The Netherlands, https://seg23.dryfta.com
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28th European Young Geotechnical Engineers
Conference and Geogames
04 - 07 October 2023, Moscow, Russia

Organiser: Russian Society for Soil Mechanics, Geotechnics
and Foundation Engineering

Contact person: PhD Ivan Luzin

Address: NR MSUCE, 26 Yaroslavskoye shosse
Phone: +7-495-287-4914 (2384)

Email: youngburo@gmail.com
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GROUND ENGINEERING BASEMENTS AND UNDERGROUND
STRUCTURES, 5 October 2023, London, U.K., https://base-
ments.geplus.co.uk/basements2023/en/page/home

GROUND ENGINEERING SMART GEOTECHNICS, 5 October
2023, London, U.K., https://smartgeotech-
nics.geplus.co.uk/smartgeotechnics2023/en/page/home

MSL 2023 The Second Mediterranean Symposium on Land-
slides “Slope Stability in Stiff Fissured Clays and Soft Rocks”,
October 5-7, 2023, Hammamet, Tunisia, https://msl-
2023.webnode.fr

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/

HYDRO 2023 New Ideas for Proven Resources, 16-18 October
2023, Edinburgh, Scotland, www.hydropower-dams.com/hy-
dro-2023

1-ICGTMW2023 15t International Conference on Geotechnics
of Tailings and Mine Waste & GEOMIN 2023, 24% to 26, Oc-
tober 2023, Ouro Preto, Minas Gerais, Brazil, https://geomi-
nouropreto.com.br/2023/icgtmw2023

SEAGC-AGSSEA 2023 21st Southeast Asian Geotechnical
Conference & 4th AGSSEA Conference, 25th to 27th October
2023, Bangkok Thailand, https://seagcagssea2023.com

ACUUS SINGAPORE 2023 18™ Conference of the Associated
Research Centers for the Urban Underground Space “Under-
ground Space - the Next Frontier”, 1 - 4 Nov 2023, Singa-
pore, www.acuus2023.com

ATC 2023 18th Australasian Tunnelling Conference: Trends
and Transitions in Tunnelling, 5-8 November, 2023, Auck-
land, Aotearoa New Zealad https://atc2023.com

6th World Landslide Forum “Landslides Science for sustainai-
ble development”, 14 to 17 November 2023, Florence, Italy,
https://wlif6.or

CREST 2023 - 2™ Construction Resources for Environmen-
tally Sustainable Technologies, November 20-22, 2023, Fu-
kuoka, Japan, https://www.ic-crest.com

1st SLRMES Conference on Rock Mechanics for Infrastructure
and Geo-Resources Development - an ISRM Specialized Con-
ference, Colombo, Sri Lanka, December 2 -7, 2023,
www.slrmes.org

GEOTEC HANOI 2023 The 5% International Conference on
Geotechnics for Sustainable Infrastructure Development, De-
cember 14-15, 2023 - Hanoi, Vietnam, https://geotechn.vn

9th International Symposium on RCC Dams and CMDs
December, 2023, Guangzhou, China, www.chincold-
smart.com/meetings/rcc2023
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7th International Conference Series on
Geotechnics, Civil Engineering and Structures
(CIGOS)
April 4-5, 2024, Ho Chi Minh City, Vietnam

Organiser: Association of Viethamese Scientists and Experts
(AVSE Global) and University of Architecture Ho Chi Minh City
(UAH)

Contact person: cigos2024@sciencesconf.org
Email: cigos2024 @sciencesconf.org
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World Tunnel Congress 2024 19 to 25, April, 2024, Shenzhen
China, www.wtc2024.cn

iCGE'24 International Conference of Geotechnical Engineer-
ing, April 25-27, 2024, Hammamet, Tunisia www.icge24.com

GEO AMERICAS 2024 5th Pan-American Conference on Geo-
synthetics Connecting State of the Art to State of Practice
April 28 - May 1, 2024, Toronto, Canada, www.geoameri-
cas2024.org

IFCEE 2024 International Foundation Congress and Equip-
ment  Expo, May 7 -10, 2024, Dallas, USA
https://web.cvent.com/event/c42dd622-dd91-409f-b249-

2738e31c9ef5/summary

8th International Conference on Earthquake Geotechnical En-
gineering (8ICEGE), 7-10 May, 2024 Osaka, Japan,
https://confit.atlas.jp/guide/event/icege8/top?lang=en

IS-Macau 2024 11%™ International Symposium of Geotechnical
Aspects of Underground Construction in Soft Ground, June

14-17, 2024, Macao SAR, China, https://is-macau2024.skli-

otsc.um.edu.mo

ISC’7 7t International Conference on Geotechnical and Geo-
physical Site Characterization “"Ground models, from big data
to engineering judgement”, June 18-21, 2024, Barcelona,
Spain, https://isc7.cimne.com

WCEE2024 18" World Conference on Earthquake Engineer-
ing, June 30 - July 5, 2024, Milan, Italy, www.wcee2024.it
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8% WORLD CONFERENGE ON EARTHQUAKE
ENGINEERING

WCEE2024

MILAN

Session SHR-7:
When science meets industry:
advances in engineering seismology stemming
from engineering practice
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The challenges encountered in major industrial projects can
provide a springboard for research and innovation, bringing
about several advances in the Engineering and Seismological
communities. In the US, it has long been the case that cut-
ting-edge research in engineering seismology does not only
originate in a purely academic context but also from practice
in large-scale projects between academia and industry aimed
at solving real case-specific challenges, not least in the do-
main of seismic hazard assessment. In more recent years,
large national and international industrial projects in many
other countries and continents have also begun to shape the
state-of-the-art in science, technology and practice, develop-
ing new approaches and innovative techniques in several top-
ics, including source processes, ground motion, hazard as-
sessment and uncertainty, induced seismicity, earthquake
engineering and design, and more.

This session aims to bring together the Engineering and Seis-
mological communities and create a platform for discussion
and exchange concerning recent advances in any aspect of
engineering seismology where innovation in data, models or
methods has been driven by the needs of industry. We wel-
come contributions from academics and practitioners, na-
tional bureau rendering expert services, organisations from
the energy and other sectors, companies providing research-
led consulting. We also seek to hear from those developing
new products, sensors, tools or software that are changing
the state-of-the-art and to discuss exciting new possibilities
for applications.

Invited Speakers

J. Bommer, K.-F. Ma, S. Nikolaou, S. Bora, Z. Gulerce
Conveners

Olga-Joan Ktenidou, National Observatory of Athens, Greece
olga.ktenidou@gmail.com

Domniki Asimaki, CalTech, USA
Hiroe Miyake, ERI UTokyo, Japan

3

3™ ICPE 2024 Third International Conference on Press-in En-
gineering, 3-5 July 2023, Singapore, https://2024.icpe-

1pa.org

IS Landslides 2024 International Symposium on Landslides
“Landslides across the scales: from the fundamentals to en-
gineering applications” & IS Rock Slope Stability 2024, July
7-12%, 2024, Chambéry, France, www.is|2024.com

EUROCK 2024 ISRM European Rock Mechanics Symposium
New challenges in rock mechanics and rock engineering
July 15-19, 2024, Alicante, Spain, www.eurock2024.com

ECSMGE 24 XVIII European Conference on Soil Mechanics
and Geotechnical Engineering, 26-30 August 2024, Lisbon,
Portugal, www.ecsmge-2024.com

ISIC 2024 4th International Conference of International So-
ciety for Intelligent Construction, 10 - 12 September 2024,
Orlando, United States, www.is-ic.org/conferences/2024-
isic-international-conference

IS-Grenoble 2024 Geomechanics from Micro to Macro, Sep-
tember 23-27, 2024, Grenoble, France, https://is-greno-
ble2024.sciencesconf.org
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2024 ISRM International Symposium
24-28 September, New Delhi, India

Contact Person Name
Dr. Mahendra Singh or Mr. A.K. Dinkar

Email sunil@cbip.org; secretary@cbip.org;
msingh.civil@gmail.corn

Telephone +91 11 26115984 or +91 11 26116567

Address Plot No. 4, Institutional Are4 CBIP Building Malcha
Marg, Chanakyapuri New Delhi - 110021 India
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: «© 2024

1st International Rock Mass Classification
Conference
“Rock Mass Classification meets the Challenges
of the 215t Century”

30-31 October 2024, Oslo, Norway
www.rmcc2024.com

Since the 1950s, the topic of rock mass classification was a
central issue for geotechnical engineers and heated discus-
sions amongst scholars up to international court cases re-
volve around it. The overall goal of the RMCC is therefore to
provide an arena for the international rock mechanics com-
munity for knowledge development, interaction and sharing.

Today's society has an ever-increasing need for infrastruc-
ture to be internally connected as well as resilient against
changing environments. This demand meets decreasing
numbers of engineers due to demographic change and a par-
adigm shift towards digitalization. This makes the practica-
bility of systems that rely on the subjective experience of en-
gineers questionable. Furthermore, many of today's rock
mass classification systems have been developed with a fo-
cus on economic optimization which yet again stands in con-
trast to today's requirements for sustainability and the need
for a green transition to fight climate change. The RMCC 2024
should therefore discuss a decade old topic - rock mass clas-
sification — in the light of the challenges of the 2020s like
demographic change, the green transition and digitalization.

Topics
® Comparing and correlating rock mass classification sys-

tems

" Today’s rock mass classification systems in the light of
sustainability, demographic change, digitalization, and
open data

= Digital methods and modern technology for rock mass
classification and characterization
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® The future of rock mass classification - questioning the
state of the art

Contact

office.rmcc2024@ngi.no

(G240

PANAMGEO CHILE 2024 17" Pan-American Conference on
Soil Mechanics and Geotechnical Engineering, 12-17 Novem-
ber 2024, La Serena, Chile, https://panamge-ochile2024.cl

ICTG 2024 5th International Conference on Transportation
Geotechnics 2024 “Sustainable and Evolving Technologies for
Urban Transport Infrastructure”, 20 - 22 November 2024,
Sydney, Australia www.ictg2024.com.au

(C- 4.0

Eurock 2025
ISRM European Rock Mechanics Symposium
Expanding the underground space -
future development of the subsurface
- an ISRM Regional Symposium
16-20 June 2025, Trondheim, Norway

Contact Person Name

Henki @degaard

Email henki.oedegaard@multiconsult.no

Telephone +47 22 94 75 00

Address C/O Fredrik Stray, TEKNA, PO box 2312 Solli, Oslo,
Norway

3

21st International Conference on

Soil Mechanics and Geotechnical Engineering
14 - 19 June 2026, Vienna, Austria

Organisers:

Austrian Geotechnical Society and Austrian Society for Geo-
mechanics

Contact person: Prof. Helmut F. Schweiger

Email: helmut.schweiger@tugraz.at

o3 D

16th International Congress on Rock Mechanics
Rock Mechanics and Rock Engineering
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Across the Borders
17-23 October 2027, Seoul, Korea

Scope

The scope of the Congress will cover both conventional and
emerging topics in broadly-defined rock mechanics and rock
engineering. The themes of the Congress include but not be
limited to the following areas:

e Fundamental rock mechanics

e Laboratory and field testing and physical modeling of rock
mass

e Analytical and numerical methods in rock mechanics and
rock engineering

e Underground excavations in civil and mining engineering
e Slope stability for rock engineering
® Rock mechanics for environmental impact

e Sustainable development for energy and mineral re-
sources

® Petroleum geomechanics
e Rock dynamics
e Coupled processes in rock mass

e Underground storage for petroleum, gas, CO2 and radio-
active waste

e Rock mechanics for renewable energy resources

e Geomechanics for sustainable development of energy and
mineral resources

e New frontiers & innovations of rock mechanics

e Artificial Intelligence, IoT, Big data and Mobile (AICBM)
applications in rock mechanics

e Smart Mining and Digital Qil field for rock mechanics

e Rock Engineering as an appropriate technology

e Geomechanics and Rock Engineering for Official Develop-
ment Assistance (ODA) program

e Rock mechanics as an interdisciplinary science and engi-
neering

e Future of rock mechanics and geomechanics

Our motto for the congress is "Rock Mechanics and Rock En-
gineering Across the Borders”. This logo embodies the inter-
disciplinary nature of rock mechanics and challenges of ISRM
across all countries and generations.
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The very large incipient rockslide at Brienz in
Switzerland

In the Swiss canton of Graublinden, a village named Brienz
(or Brinzauls) in the municipality of Albula/Alvra has been
evacuated due to an incipient, large rockslide. The BBC has
a good write up of the situation - the slope above the village,

and indeed under the settlement itself, shown below, has
been moving for many years, but has accelerated in recent
months. Parts of the slope are reported to be moving at 32
metres per year, and the mobile volume is about 2 million
m3.

The rockslide abpve Brienz in eastern Switzerland. Image
by CHRISTOPH NANNI, TIEFBAUAMT GR, SWITZERLAND via
the BBC.

Swissinfo has a more detailed description of the situation in
the village:-

The municipality in canton Graubiinden has activated the "“or-
ange phase” and therefore the evacuation of the village,
which has a population of about 130.

As of Friday evening nobody will be allowed to stay overnight
in the village until further notice. From Saturday villagers will
be allowed into Brienz/Brinzauls during the day, if the danger
level permits. Livestock from two farms will remain in the
stables for the time being, the authorities said.

All access roads to Brienz/Brinzauls are now open only to res-
idents and homeowners. On Tuesday evening the authorities
will provide information on the details of the evacuation dur-
ing a public information event in the nearby village of Tiefen-
castel.

The local authority has a detailed site dedicated to the rock-
slide (in German). It notes that the landslide, which includes
the village itself, has been moving since the ice age, with
movement rates of a few centimetres per year. It accelerated
about 20 years ago, with movement rates until the current
crisis of about a metre per year.

Some research on the landslide at Brienz has been published
(Hausler et al. 2021), noting that the landslide is part of a
much larger area of deep-seated gravitational slope defor-
mation. The paper includes this image that summarises the
setting of the landslide:-
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Overview of the Brienz landslide by Hausler et al. (2021).
Original caption: Overview of the deep-seated landslide at
Brinzauls, with focus on the Plateau subdomain. (a) Photo-
graph of the Brinzauls rock instability (view towards north-
west) with drilling locations, GNSS (Global Navigation Satel-
lite System) monitoring positions and seismometer location.
(b) Displacement time-series at selected locations marked
on panel (a). (c) Elevation model and simplified geomorpho-
logical map of the Plateau (see Fig. S1 for details). (d) Geo-
logical profile along the ridge Caltgeras. Photograph panel
(a) by courtesy of SRF Einstein. Elevation model in panel (c)
provided by courtesy of AWN. Coordinate frame LV03
(WGS84: 46.679, 9.593).

Predicting the short term behaviour of very large, complex
landslides in extremely challenging, as was shown in the
Mannen rockslide in Norway. That this slope will eventually
fail is close to being certain, but when and exactly how is less
clear. Those involved in Switzerland are doing a fine job of
managing the risk and of keeping the public informed.
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Seismic Source Zones for Site-Specific Probabil-
istic Seismic Hazard Analysis: The Very Real
Questions Raised by Virtual Fault Ruptures

Julian J. Bommer; Jon P. Ake; Clifford G. Munson
Abstract

Site-specific probabilistic seismic hazard analyses (PSHAs)
very often include areal source zones to represent diffuse
seismicity that cannot be associated with known geological
faults. Most modern ground-motion prediction models use
distance metrics that are defined relative to the extended
fault rupture rather than the epicenter or hypocenter. For
these distances to be calculated correctly, virtual fault rup-
tures are generated, having dimensions consistent with the
earthquake magnitude, within source zones when performing
PSHA calculations. Although the generation of these virtual
ruptures is necessary to achieve compatibility between the
seismic source and ground-motion models within the hazard
calculations, the ruptures should, by definition, represent po-
tentially realizable seismogenic structures within the crust.
Frequently, algorithms for the generation of these virtual rup-
tures are embedded within the PSHA code as an interim cal-
culation without generating any outputs to enable visualiza-
tion of the location and extension of the resulting ruptures.
Such visualizations can reveal features of these hypothetical
ruptures that may challenge the assumptions underlying the
definition of the source zone boundaries that separate and
enclose distinct regions of diffuse seismicity, as well as rais-
ing questions regarding the recurrence parameters within
each source, especially in terms of the assumed maximum
magnitudes. Visualizing the virtual ruptures generated in
PSHA calculations and ensuring their consistency with the cri-
teria established, explicitly or otherwise, for the definition of
seismic source zones, could lead to important improvements
in the modeling of diffuse seismicity in PSHA. We propose
that this visualization should become a standard step in any
PSHA study that includes source zones of diffuse seismicity.
In addition, the choice of strict or leaky source zone bounda-
ries relative to these hypothetical ruptures should always be
explained and justified rather than simply stated.

Seismological Research Letters (2023)
https://doi.org/10.1785/0220230037

https://pubs.geoscienceworld.org/ssa/srl/article-ab-
stract/doi/10.1785/0220230037/623155/Seismic-Source-
Zones-for-Site-Specific?redirectedFrom=fulltext
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POHNOT HEAETA TOV ICXUPOTEPO CEICHO TNG
Megoyeiou Ta TeAeuTaia 200 Xpovia nou £yive
HeTa&U ApopyouU kai Avagpng

nnyn ewtd Paraskevi Nomikou

SUVEBN To 1956, €ixe pEyebog 7,5 PixTep kal yvwpifoupe eAda-
XloTa npaypaTa yia autov.

>T1¢ 9 TouAiou 1956 onuelwONKe £vag NoAU 1I0XUpOG Kal KaTa-
OTPOPIKOC OEIoNOG NeyEBoug 7,5 PixTep, Me enikevTpo Tn Ba-
Aacola neploxn MeTa&l Apopyou, AvUdpou kal Avaeng. Ta ne-
ploplopéva PEoa TNG ENOXNAG €iXav WG anoTEAECHA Ol YVWMOEIG
Jag yia Tov OgIopo auTo va eival Aiyeg kal o akpifng evroni-
OMOC TOU enikevTpou, aduvaTog. EEAvTa enta xpdvia PeTa, pia
JIEBVG WKEAVOYPAPIKN AMOCTOAN ENIXEIPEI va gvTonioel, e
n BonBeia €EeAiyuEVou pounoT, NANPOYPOPIEG yia auTOV ToV
I0XUPOTEPO OEIoNO TNG Meooyeiou Ta TeAsuTaia 200 xpodvia.

Agv ATav povo o kKUPIoG GeIonOG TNS 9nG IouAiou KATaaTpopI-
KOC. Tov d1adéxTnke 13 AenTd apyoTEPA I0XUPOTATOG UETATEI -
OMOC MEYEBOUG 7,2 PixTep KOVTA OTn =avTopivn, Mou npokda-
Aeoe {NUIEC Kal KOOTIOE NOAAEG avBpwniveg {wéG. Eniong, npo-
KANBNKE WEYAAO TOOUVAMI NOU NANPUUPIOE TIC AKTEG and Tn
®oAéyavdpo wg TNV Toupkia, e Ta KUKATA va PTAVOUV PEXP!
kal Ta 20 p€tpa otnv Apopyo. To €mikevTpo Kal Ta pnypara
TOU OgIoNoU dgv ATAV YVWOTA Kal ol Aiyeg JEAETEG nou £yivav
TOTE OTNV &Npa kal Tn B6aAacoa dsv anokdaAuwyav TiI Npaypa-
TIKG OUVERN.

Kata Tn dI1apKela NponyoUHEVWY WKEAVOYPAPIKWY anooTo-
ADV €YIVAV YEWQPUOIKEG PEAETEG, OMOU ANOTUNWONKE N Hop-
@oAoyia Tou unoBaAdcoiou NnuBPEva avayeoa oTn Zavropivn,
TNV Apopyo, TNV Avaen kail Tnv Actundaiaia kai evroniornkav
o€ péyioTo Babog 750 pETpwy Tpia unoBaAdcoia priypaTa na-
pAAANnAa To €va pe To aAAo, oe anoaTacon 70 XIAIOMETPWV.

Mia 01€8vnG ouada ekTeAEl unoBaAAcooIeg €peuveg aTny idia
neploxn Ta TeAeuTtaia dUo Xpovia, yia va piEel pwc oTov Un-
XaVvIoPO MOU €VEPYOMOINCE TOV KATAGTPOPIKO CEIOWO Kal TO
€MNAKOAOUBO TOOUVAMI. STNV ONAda CUMMETEXOUV N avanAn-
pWTPIa KabnynTpia Tou TuRpaTog MNewAoyiag kal FewnepIBaA-
AovTogG Tou EBvikou kal KanodioTpiakou MavenioTnuiou ABn-
vV EUn NopikoU, aAAa Kal ENICTAHOVEG ano EPEUVNTIKA 10pU-
paTta TnG FaAAiag, o1 ®pevTtepik AekAEpk and To MavenioTrpio
Cote d’ Azur, NataAi ®ouylé and To IvoTiTouTo Institut du
Physique du Globe Tou Mapioiou kal Xapie Eokaptév and Tn
>X0An Ecole Normale Superieure de Paris.

To unoBaAdaaaio priypa Tng Apopyou, €€nyei n K. NopikoU «ei-
val €va anod Ta nio evepyd pryudaTta Tou eEAAnvikoU BaAdcaoiou
XWPOU Kal €ival onuavTiko va £XOUME OTOIXEIA yIa TN YEWHE-
Tpia Tou, aAAd Kal yia npwTn Qopa onTika dedopéva anod Tov
“kaBpepTn” Tou priypaTog, dnAadn Tn Asia enipaveia nou dn-
MIoupyeiTal KaTd Tn PETakKivnon Tou €ddgoug Ensira ano osl-
opo6. O OTOXOG HAG €ival va KaTavor|OoOUHE TOV UNXAVIOHO Yé-
VEONG TOU Og€IopoU Tou 1956 kal TOu TOOUVAWI MOU MPOKAR--
Onke».
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‘Eva pounoT, NnoAUTIHOG Bon004g

MoAUTIHOG BonBdg oTnV £€peuva Toug gival To popnoTIKO OXNHa
Ariane, To onoio €xel Tn duvaTdTnTa va kartadubei o Babog
pEXP! 2.500 pETpa kal va napapeivel ekei €wg kai €51 WPEG O€
kaBe karaduon. O1 4K kapepeg nou diabeTel kaTAypAPoOUV Tn
Hop®oAoyia Tou unoBaAdoaiou NUBPEVA KAl ENITPENOUV OTOUG
€PEUVNTEG va JdOUV Kal va WEAETAOOUV TO AVAYAUQPO HE ME-
yioTn TaxuTtnTa Ta 0,5 pétpa ava deutepoAenTo. EEonAiopévo
He dUo pnxavikoUg Bpaxioveg, eival eniong s B€on va GUAAE-
Ee1 1fApaTa og CWARVEG UnKoug 30 €KATOOTWV NoU ovopalov-
Tal nupnveg. O1 OKT®W NUPAVEG ME IZANATA NoU GUAAEXBNKav
6a Bonbroouv atn xpovoAdoynaon Tou unoBaAdaoaiou avayAu-
®ou.

Ma TiIg avaykeg TnG €peuvag, To Ariane kaTaduBnke gvvia ¢o-
PEC YIa CUVOAIKA 26 WPEG Kal JIEVUCE OUVOAIKA 13 XIAIOUETPA
eEepeuvmvTag ™ v Tou PRyHatog TnG Adopyou Kal Twv
AaAwv pnypaTtwyv. Tpdpn&e xIANIAdEG pwTOYpPaAPIeC, Ol OMOIEg
8a xpnoiponoinBolv yia TNV Napaywyn TpicdiacTaTwy HOVTE-
Awv nou 6a BonOroouv TOUG ENICTAHUOVEG VA WETPRTOUV ThV
napapop@waon Tou Balacaiou nubuéva.

EninAgov, OTIG £PEUVEG GUMHETEIXE Kal TO YAAAIKO wKeavoypa-
@IkO nAoio «L’ Europe», nou eival e€onAiouévo Pe noAude-
OMIKO cUCTNNA XapToypapnaong yia TNV kataypaen Tng uno-
BaAdooiag poppoAloyiag o NapaKkTIEG NEPIOXEG. KaTa Tn didp-
Kela TNG vUXTAg aAAd Kal TIG WEPEG nou enikpaTouoav BueA-
A®JEIC Avepol nou gunodifav To POUMOTIKO OKAPOG va KaTa-
dubBei, To «L’ Europe» ouykévTpwoe BaBupeTpikd dedopéva
oTnVv napakTia fowvn Tng Avaeng kai Tng Apopyou. Ta uwnAng
avaiuong BabupeTpikd dedopéva Ba xpnoigonoinbolv oTn
MovTeAonoinon Tng d1adoong Tou ToouvVAul Tou 1956, npokel-
Mévou va kaTavonBei kaAUTepa o unxaviopog dnuioupyiag

TOU.

nnyn ewto Paraskevi Nomikou

EEaANou, o1 epeuvnTEG evTonioav NoAAEG unoBaAdooiec kaTo-
ANIoBRosIc nou mBavwe ouvdEovTal PE TOV CEIOPO Tou 1956
Kal ol onoieg 6a pnopouaav va £Xouv evioXUOEl Ta NaAippoika
kUpaTa. AuTn TNV nepiodo cival og €EEAIEN n eneEepyaacia kal
n eppnveia Twv OedOPEVWY, NPOKEIYEVOU VA OXNMATIOTEN Ka-
AUTEPN €1KOVa yI' AuTA Ta YEYovOTa Tou nNapeABOVTOC Kal va
unap&el KaAUTEPN KATAvonon Tou WEAAOVTOC Ot Mia and TIG
Mo eVEPYEC YEWOUVAMIKA NEPIOXEC TOU EAANVIKOU unoBaAac-
GI0U XWPOU.

Ta NnpwTa €peUVNTIKA ANOTEAECUATA NOU NPoKUNTouV and Tnv
£€peuva, onwg avagepel n K. NopikoU gival 0TI o 8aAdacaiog
XWPOC avaueoa otnv AJopyo Kal Tn ZavTtopivn «&ival yewdu-
VAMIKA €VEPYOG ME MOAAOUC yewkIvOUVoUuG. 'Exoupe OHWG,
nAéov atn d1aBeon pag uwnAng availuong YEwQuUalka dedo-
JéEva kal TpiodiaocTaTta pJovTéAa avayAugou, nou Ba pag Bon-
Onoouv va peAETAOOUME KAAUTEpA TNV NaApapdpwaon Tou
nubuéva WETA Tov oeIond Tou 1956».

TA NEA THZ EEEEI'M - Ap. 175 - MAIOZ 2023

(Naftemporiki.gr pe nAnpogopieg and AME-MME, Kupiakn,
28 Maiou 2023,
https://www.naftemporiki.gr/techscience/1476551/rompot-

meleta-ton-ischyrotero-seismo-tis-mesogeioy-ta-teleytaia-

200-chronia-poy-egine-metaxy-amorgoy-kai-anafis)
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N&a HUOTIKA OTO WG YIA TO NPAIOTEIO TNG
Zavrtopivng

Néa oToixeia yia To HAyHa nou eKTIVaxOnke and Tn
HIvoik £€kpnEn Tou ngaicTeiou TNG Zavropivng npiv

anod 3.600 xpovia

s § @
el
L3

-

Ano Tnv ékpn&n Tou 1939. O1 enioTrPOVEG dev avnouxouv
yla Tn dpacTnpldTNTA Tou NPAICTEIOU TNG SavTopivng, Kabwg
OUMBAVTA PE TNV €VTAON TNG MIVWIKNG HEYAANG €KpNENg
Mnopouv va snavaingBolv kabes 20.000-30.000 xpovia.
WHOIAKO APXEIO OHPAZ/ A. ZQPZOX.

Eival éva ano Ta nio WeAETNUEVA NPAIOTEId OTOV KOGHO, KI
OMWG akopa dev nalel va pag ekNARooel Je vea dedopEva nou
QEPVEl OTNV €MIPAVEIA N €MNIOTNUOVIKN €peuva. O Aoyog yia
TO NPAICTEIO TNG ZAVTOPIVNG KAl TV £PEUVA TWV «HUCTI-
KWV>» Tou ano pia di1gbvr gpeuvnTIKn ouada Pe Tov id1o Aiyo
noAU nupnva Ta TeAeuTaia 10-15 xpovia. Mia oudda n onoia
000 XPNOIMOMOIEI AVMTEPA TEXVOAOYIKA PETA Kal peBodoAoyia
npoxwpdsl akdua nio Babid o€ CUYKEKPIYEVN AvAAuon, akoua
kI 6Tav autd odnyei o avaBewpnon NPonyoUHEVWV EKTIHA-
oswV TNG. «ETol avanTUoosTal n enioTAun>», A€gl oTnv «K>» n
avanAnpwTpia kadnynTpia oto TuAna FewAoyiag kal Mewnepi-
BaAAovTog Tou EKMA, EUn NOMIKOU, £K TWV OUVTEAEGTOV TNG
£MNIOTAHMOVIKAG opadag.

3T0 KEVTPO TNG NPOCOXNG BPEBNKE TO PAYHA NOU EKTIVAXONKE
and Tn MIVWIKA €KkpNnEN Tou n@aioTeiou TNG ZavTopivng npiv
and 3.600 xpovia kal n onoia Bewpeital n peyaAluTepn neai-
oTelakn €kpnén otnv Eupwnn Ta TeAeuTaia 10.000 xpovia. To
EMIOTEYAOKA TOU €PYOU APKETWV ETWV 0dNyNOE OE Mia dnuo-
ogicuon oTta TEAN AnpiAiou 2023 oTo nePIodiké Nature
Communications, pe enike@aAng Tov BaAAcooIo YEWENIOTH-
pova Mevg KapoTevg Tou yeppavikou KévTpou Qkeaviwv Epeu-
vwv GEOMAR Helmholtz oTo Kigho kal e Tn GUHPMETOXN TNG
K. Nopikou kal gpeuvnTwv ano Tn NopPnyia, Tic HMA kai Tn
FaAAia. ZuvdualovTag TiG Mo oUYXPOVEC YEWPUOIKEG KAl YEW-
AOYIKEGC HEBODOOUG, OI EMICTAMOVEG ENAVEEETACAV TN HIVWIKN
€KkpNn&n TnNG ZavTtopivng kai npoadiopioav akpiBETTEPa Tov Oy-
KO TOU €KTOEEUOMEVOU PAYNATOG, CUPBAAAOVTAG OTNV KATA-
vonon TwV HEYAA®WV NPAICTEIAK®DV EKPNEEMV NAYKOOHI-
wG. Ac onuelwBei nwg napa Tn digbvr onuacia Toug yia To &-
MIOTANOVIKO £pY0 KAl TNV KOIVWVia, n eKTigNon Tou OyKoU TwvV
npoidVTWV NQPAIOTEIAKWV  EKPNEEWV  HEYAANG  KAipakag
Napapevel NEPIOPICUEVN.

Ano 1o 2002

O1 gpeuvnTéC 0 auTn Tn véa dnuooisuon dianicTwoav OTI 0
OYKOC TOU UAIKOU Mou ekTIvaxBbnke oTo Xepoaio £€dagog Kai
oToV UnoBaAdaaio Xwpo TNG ZavTtopivng NTav 26-41 kufika
XIANIOUETPA, ONUAVTIKA PIKPOTEPOG anod O, Tl €ixe unoTeOei npo-
yeveoTepa, OTav ol eKTINACEIG ékavav AOyo yia 86 kuBikd xi-
MOHETPA EKTOEEUONEVOU PAYHATOG. «H UEAETN pag €ival ano-
TEAEOHA NOAAQV WKEAVOYPAPIKWV anooToAwv ano 1o 2002
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Kal JETA Kal TNG OUOYXETIONG TWV €UPNUATWV Toug. KaTta Tn
JIAPKEIQ TNG EPEUVNTIKAG ANOCTOANG HE TO OKAPOG «Posei-
don» T0 2017 gUAAEXBNKe UAIKO and Tov NnuBpéva Tou BaAdao-
0l0U XWPOoU YUpw and Tn ZavTtopivn, o Babog 6-12 PETPWY,
To onoio avaAlBnke. EvTonioTnkav anoBeoeig TEppag anod Tn
HIVwIKD €kpn&n o€ 41 NuprVveg IZNHATWV KAl €TOI AMOKTHOAUE
véad OToIXEid yia Tov UMOAOYIOHO TnG MoodTNTAg TOU n(al-
oTeEIdKOU UAIKOU. ZXedIA0ape €k VEOU TNV €EANAWON TG TE-
(Ppag PETA TNV €kpn&n, Ye Baon Ta veéa oToixeia, Kal €idape
nwg KIVABNKE KUPIWG VOTIOAVATOAIKA PpTAVOVTAG HEXP!I KATW
ano6 Tnv Kunpo kai oe 3eUTepn @Aacon avatoAikd péxpl Ta Baen
NG onuepivng Toupkiag», eEnyei otnv «K» n k. NopikoU.

H e€anAwon tng t€Wpac

200 xAp.

X@ptng tn¢ EGNAWONG TNC NYAICTEIAKNE TEYPAE anod T PIVWIKN EKPNEN

TOU NYAIOTEIOU TNE ZAVIOPIVNE, NEPINOU TOV 160 aiwva n.X. ME KOKKIVO Xpwpa

n €€GNAWGN TOU UAIKOU TN NPWING Paonc, pe yaAaZio tng SUTEPNC YAONC NG

£kpnénc. O1 apiBpoi unoSNAWVOUV TNV MUKVOTNTA TNE PETAPEPOPEVNC TEPPAC.
HKA©HMEPINH

«To 2019 pia véa noAU peyain d1BVAC wKeavoypagikn ano-
OTOAR, UE TN GUMPETOXN Kal NAAl EAMAvwv enioTnuovwy, €E&-
TQOE Ta OSIOPIKA NPOoPiA, Ta BaAdooia YeEwPUaOIKE NpogiA, e
nxoBoAIoTIKG Opyava, Ta onoia Ynopouacav va Kataypdaywouv
Ta d1GPopa YEWAOYIKA NETPpWUATA o€ BAON 1-1,5 XIAIONETPOU.
SuoxeTioape dedopEva OEIOUIKAG avAKAAonG Kal Topoypagiag
KUMATwV P, mou anokTnénkav o GAAn wkeavoypagikn ano-
oToAn TO 2015, pe TIG ICNUATOAOYIKEG avaAUCEIG YIa va €KTI-
MAOOUME UE NEYAAUTEPN aKpiBela Tov OYKO TNG NEPIGNUNG MI-
VWIKAG €KpNENG», ouunAnpwvel n kadnynTtpia Tou EKMA. Ol
EPEUVNTEG ENPENE va OUVUNOAOYiIoOUV Kal TNV noodTnTa TE-
@PAag Nnou €Nece OTn OTEPIA, aAAd Kal TIG NOCOTNTEG EAAPPO-
NETPAG, NOU £MNE0E OTO VEPO KAl KABWG €NINAEEl, ANOPAKpuUvV-
Bnke ano Tnv nepioxrn. ONwWG CNUEI®VOUV Ol EPEUVNTEG KAl OTN
dnuoaiguon Toug, gival n npwTn gopd nou unoAoyifovTtal TOCO
AKpIBEIC TIMEG YIa OAEG TIG ENIKMEPOUC OUVIOTWOEG, KABWG MEXP!
ONMEPA 01 EKTIMNOEIC TOU OYKOU TNG €KPNENG BaacilovTav &ite
OTNV EKTIHNON TOU OYKOU TNG KATAPPEUONG TNG KAAVTEPAG €iTE
otnv eAAINN KaTaypaen Twv NpoiovTwv Tng €kpnénc. Kai ol
dU0 Npooeyyioelg €5Ivav MePIOPIOKEVA anoTEAECUATA.

Ano Tov Bubo

«Eva onoudaio OTOIXEIO OTO GUYKEKPIMEVO EPEUVNTIKO €PYO
€ival nw¢ e€etaocape Ta 1I¢uaTa orov BuboO TNG BAAacoag, O-
nou To ngpaioTeliakd UAIKO kaTakaBetal adiatapaxro. Eival on-
HAVTIKO Nw¢ anod dw Kal népa, onuavTika dedopéva yia Tig
nNPaioTelakEG ekpnEeic Ba £pyovTal and Tov Bubod, and Ta Ba-
Aaoaoia dedopévax», oudnAnpwvel n K. NopikoU. Ta supnuaTa
Kal n HEBOJOG yIa TN CUOXETION KAl TOV UMOAOYIOHO TWV TEAI-
KWV noooTnTwV gival noAU evdia@épovTa yiaTi divouv VEo U-
AlkO yia va katavonBei BabUTepa o TPONOC AsiToupyiag Twv
NPaIoTEIWV KAl va yivel o owoTdG 0 UNOAOYIOHOG TNG Ngal-
oTelakng diakivduveuong. Onwg onuel®vel n K. Nopikou, gival
a&loonueiwTo To YEyovog Nwg NapoTl To UAIKO Mou €KTOEEU-
TNKE OTN HIVWIKA €KpnEN TnG ZavTopivng NTav onuavTika pi-
KpOTEPO an’ O,TI unoAoyifoTav, n KATaoTpo®r MOU MPOKAN-
Bnke NTav NoAU peyaAn.
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O1 neaioTelakeg ekpneig kataTaooovTal Pe Baon Tov deikTn
nepaioTelakng ekpnkTikoTnTag (VEI), o onoiog €5apTaTar ano
TNV NogdTnTa Tou NPaioTeidkoU UAIKOU, To UWoG eKTiva&ng
TNG TEPPAG Kal TnG oTAANG nou JlapopPwVeTal, To mbavo
TOOUVAMI, TNV €KPNKTIKA dUvapn. H pivwikn ékpnén Tng =av-
Topivng eixe kataTayei oto 5 npog 6 TnNG kAipakag (nou ava-
nTuooeTal and 0-8), détav aTo 6 €ival ol HEYAAEG EKPNEEIG TNG
Kpakatda kai ato Mivartoupno.

«Agv npgnel va undpxel avnouyia PJe To NPaioTeio TG =avTo-
pivne. ZUuewva pe TIG avaAloeig pag avaloya cuppavra 6-
Nw¢ auto nou ouveRn npiv and 3.600 xpovia Pnopouv va -
navaAn@Bouv kabe 20.000-30.000 xpovia. 1o pegodidoTnua
unnp&av kal aAAeg eKpREeIG Tou N@aloTeiou TNG =avTopivng,
Ta ixvn Twv onoiwv BpiokovTal oTa oTp®KATA nou diauoppw-
VouVv TNV KaAvTépa. Ekpn&eig onwg Tou 197 n.X. n nmio npdo-
@arta Tou 1950 dev £xouv Kapia oxéon 000V a®opd ThV £v-
Taon TNG MIVWIKAG MeydAng Ekpnéng. Exoupe pader va Joups
ME TO NgaioTelo KI €701 Ba guvexiooupe», Tovilel N kKadnyATpia
Tou MavenioTnuiou ABNVAV.

«ApIOTN CUuVEpyacia>»

«H dnuoaicsuon auTn €ival anoTéAeopa TNG APIOTNG oUVEPYA-
oiag peTa&l Twv EANAVWV Kal EEVWV ENICTNROVWY NOU CUMME-
Teixav 0 NaAaIOTEPEG WKEAVOYPAPIKEG AMOCTOAEG YUpW and
Tov UnoBaAdaaio Xwpo TNG Zavropivng. ZTov nupnva Twv &-
PEUVNTIKWYV aNooTOA®V UNAPXEl HId opada enioTnuovwy, HE
NOAAEC KOIVEG EPNEIPIEG KAl Aywoyn ouvepyaaoia. Kail gival on-
HavTIKO NWC O aAuTAV undapyxouv EAANVEG €mIOTRAHOVEG Kal
NAQICIOVETAl KAl JE VEOUG EPEUVNTEG KAl EPEUVNTPIEG», Ava-
Pépel N K. Nopikou.

«Ta neaioTeia nposidonoiolv, dev ekpryvuvral §agp-
VIKG>»

H €peuva oTnv eupUTEPN NEPIOXN TNG ZavTopivng dev oTapa-
Tael. To diunvo AekeuBpiou 2022 - Iavouapiou 2023, oTo
nAaiolo TG MeYaAng wKeavoypagikng anooToAng Tou Ole-
BvoUG npoypauuaTtog e€epelvnong Twv wkeavwv (IODP),
npayuartonoindnkav 12 unoBaAdcoleg €PEUVNTIKEG YEWTPN-
o€Ig NEPIE TNG Onpag, os Babog evog xIAlopéTpou. O1 unoba-
AAOOIEG YEWTPNOEIG £yIvav 0TA ONMEIa Nou UNEDJEIEE N €peu-
vNTIKRA opada wg Kpioiya, €nsira and Tnv avaAuon Twv OE€l-
OMIK®OV NPOQIA Kal TnG Tonoypagiag Tou unoBaAdacaoiou nub-
HEva, woTe va eniBeBalwBei Kal PE TIG YEWTPIOEIC 0 OYKOG TOU
neaioreiakoU UAIkoU TNG MIVWIKNAG €KpnENg TnG ZavTtopivng.
SUPPWVA HE TOUG CUVTEAEOTEC TNG EPEUVNTIKNG oupadag, -
NPOKEITO yia €va NoAU cnoudaio £€pyo, HE Xpron ouyXpovou
NAWTOU YeEWTPUNAVOU Kal MPOoNyHEVWYV OpYyavwy, HE KOOTOG
anooToANG nePINou 25 €KATOMMUPIWV €UPW, MOU avedelEe
noAU onuavTika gpeuvnTika dedopéva. H oxXeTikn €kBeon npo-
ypauuaTileTal va d00¢i otn dnuooiotTnTa oTa TEAN IouAiou Kal
avapéveral e peydlo evdiagépov.

Yno napakoAouBnaon BpiokeTal kai To evepyo unobaAacacio n-
(aioTelo Pe To Ovopa KoAoUpnog, To onoio BpiokeTal o and-
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oTtaon 6,5 xIANIopETpwV BopeloavaToAikd Tng Onpac. To neai-
oTtelo KoAoUpnog €yive yvwoTo UOTeEpa anod Heyain noeai-
oTelakn €kpn&n oTig 27 ZenTeuPpiou 1650, and Tnv onoia
nNpokARBnNKkav kaTaoTpoEG kai Bdvartol and npdkAnon Toou -
vapl, Y€ HIa akTiva ennpeacpol €wg kal 150 xAY. «Yndapxel To
npoypaupa Santory yia Tov Slapkn €Aeyxo TNG KATACTAONG
oT1o Kohoupnog. Exouv TonoBeTnBei aiobntrpeg, AauBavovTai
YEWXNMIKA OTOIXEIQ, UNAPXOUV KAUEPES. Exoupe kaAn sikdva
TNG KATaoTaong», onuUeInVel N K. NopikoU.

H avanAnpwTpia kabnynTpia oto TuRua FewAoyiag kai
ewnepiBaAAovTog Tou EBvikoU kal KanodioTpiakoU
MavenioTnuiou ABNvwyv Eun NopikoU (kaTtw apioTepd) kai n
EMIOTAMPOVIKNA 0uada og EpEUVNTIKO OKAPOC.

Onwg €&nyei n kadnynTtpia MewAoyiag kar MewnepiBaAlovTog
oTto EKNA, «Ta neaioTeia npocidonololv. Aev ekpriyvuvTal £a-
@VIKa. KaTt’ apxac, MAVEG npiv ekdNA®VOVTAl OEICUIKES dovih-
O€IC oTNV MEPIOXR, KaBWE To Yayua otnv avodiki Tou Kivnon
OnNpWXVEl TA NETPWHUATA KAl NPOKAAEI avakaTaTageig. H diadi-
Kaoia auTn pnopei va Eekivhoel €wg KI €vav Xpovo npiv ano
TNV €kpn&n evOog nQaiaTeiou».

O1 enioTrAPoVEG onuepa epyalovral cuoTnUATikd yia va ouv-
dUAoOUV TNV TEKTOVIKN WE TNV n@aloTeiakn diadikacia. H ka-
Tavonon TwV PHEYAAWY YEYOVOTWY TOU NapeABOVTOG, ONwe TNG
MIVWIKNAG €KpNENG TOU NPAICTEIOU TNG =avTopivng €ival NoAu-
TIMN napakaTalnkn yia Tn dlEukpivion Twv 01adikaoi®V Mnou
evepyonolouvTal kal eEeAiooovTal. MNMoAANEC QOpEG npEnel va
nag noAU Babid niocw oTov XpOvo yia va NPOETOINACTEIC yia
méava cupBavTa Tou pakpivol PEAAOVTOG.

To nAoUGIo €peUVNTIKO €pYO0 MouU €EEAiCOETAl OTN ZavTopivn
O0Aa auTa Ta Xpovia ewTilel KI AANeG NAeupéc. Ma napadeiyua,
uU€oa oTa deiypaTta and To i{nua Tou BuBbou BpiokovTal «ano-
TUNWEPATa» ano TIG CUVBNKEG Nou enikpaTtolaav npiv ano xi-
Aadec €tn, and opyaviopoUg nou fouoav TOTE. And Ta ixvn
auTa pnopouv va €€axbolv CUNNEPACNATA YIa TIG KAIMATIKEG
OUVONKEC MNou enikpaToloav O MPONYOUHEVOUG AIWVEG N
XIANIETNPIOEC KAl va YivOUV OUOXETIOEIG PE TNV UNO €EEAIEN
d1adikaaoia TNG KAINATIKAG aAAayng oTnv gnoxn Hag.

(Mavvng EAappoc /H KAGHMEPINH, 12.05.2023,
https://www.kathimerini.gr/society/562411309/nea-
mystika-sto-fos-gia-to-ifaisteio-tis-santorinis)

Revised Minoan eruption volume as benchmark
for large volcanic eruptions

Jens Karstens, Jonas Preine, Gareth J. Crutch-
ley, Steffen Kutterolf, Willem G. M. van der Bilt, Emilie
E. E. Hooft, Timothy H. Druitt, Florian Schmid, Jan
Magne Cederstrgm, Christian Hiibscher, Paraskevi
Nomikou, Steven Carey, Michel Kiihn, Judith
Elger & Christian Berndt
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Abstract

Despite their global societal importance, the volumes of
large-scale volcanic eruptions remain poorly constrained.
Here, we integrate seismic reflection and P-wave tomography
datasets with computed tomography-derived sedimentologi-
cal analyses to estimate the volume of the iconic Minoan
eruption. Our results reveal a total dense-rock equivalent
eruption volume of 34.5+6.8km3, which encompasses
21.4 £ 3.6 km3 of tephra fall deposits, 6.9 £ 2 km?3 of ignim-
brites, and 6.1+1.2km3 of intra-caldera deposits.
2.8+ 1.5km3 of the total material consists of lithics. These
volume estimates are in agreement with an independent cal-
dera collapse reconstruction (33.1 £ 1.2km3). Our results
show that the Plinian phase contributed most to the distal
tephra fall, and that the pyroclastic flow volume is signify-
cantly smaller than previously assumed. This benchmark re-
construction demonstrates that complementary geophysical
and sedimentological datasets are required for reliable erup-
tion volume estimates, which are necessary for regional and
global volcanic hazard assessments.

Karstens, J., Preine, J., Crutchley, G.J. et al. Revised Mino-
an eruption volume as benchmark for large volcanic erup-
tions. Nat Commun 14, 2497 (2023).
https://doi.org/10.1038/s41467-023-38176-3

Nature Communications volume 14, Article num-
ber: 2497 (2023) Cite this article

https://www.nature.com/articles/s41467-023-38176-3

TA NEA THZ EEEEI'M - Ap. 175 - MAIOZ 2023

ZeAida 33


https://doi.org/10.1038/s41467-023-38176-3
https://www.nature.com/ncomms
https://www.nature.com/articles/s41467-023-38176-3#citeas
https://www.nature.com/articles/s41467-023-38176-3

ENAIA®EPONTA -
NMEPIBAAAON

How abandoned mines can be reused as gravity
batteries

100— Upper storage sites
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Underground Gravity Energy Storage system (credits Hunt
etal.)

A new study proposes that abandoned mines can be reused
as gravity batteries and store excess energy from renewable
sources.

The study was led by the International Institute for Applied
System Analysis (IIASA) and published in the “Energies”
journal.

Furthermore, solar and wind power plants experience days
where they produce more energy than the grid can use and
the proposed solution for this comes through a technology
called Underground Gravity Energy Storage (UGES).

UGES works by effectively raising sand containers, when ex-
cess energy is produced and thus price is low, and releasing
those containers when extra energy is needed. This can be
achieved through regenerative braking, which recovers brak-
ing energy from a slowing mass, and converts its kinetic en-
ergy into a form that can be immediately used or stored.

For this to be achieved, at least 300-meter-deep shafts are
needed for the sand containers to fall effectively. Hence,
abandoned mines are ideal for this use, as many of them al-
ready contain such shafts and are already connected to the
power grid.

Also, according to Julian Hunt, lead author of the study and
researcher with (IIASA), this technique could remediate the
effects of a closing mine to the local community, as some
jobs will still remain available in the new power storing facil-
ity.

Finally, it is noted that investing costs in UGES vary between
1-10 USD/KWh, while power capacity ones at 2 USD/KW and
an estimated 7-70 TWh potential capacity exists worldwide.
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Sources: www.independent.co.uk, www.euronews.com,
WWWw.mining.com, iiasa.ac.at, www.mdpi.com

(Geoengineer.org, Jan, 11, 2023, https://www.geoengi-
neer.org/news/how-abandoned-mines-can-be-reused-as-
gravity-batteries)

Underground Gravity Energy Storage: A Solu-
tion for Long-Term Energy Storage

Julian David Hunt, Behnam Zakeri, Jakub Jurasz,
Wenxuan Tong, Pawel B. Dabek, Roberto Brandao,
Epari Ritesh Patro, Bojan Purin, Walter Leal Filho, Yo-
shihide Wada, Bas van Ruijven and Keywan Riahi

Abstract

Low-carbon energy transitions taking place worldwide are
primarily driven by the integration of renewable energy
sources such as wind and solar power. These variable renew-
able energy (VRE) sources require energy storage options to
match energy demand reliably at different time scales. This
article suggests using a gravitational-based energy storage
method by making use of decommissioned underground
mines as storage reservoirs, using a vertical shaft and electric
motor/generators for lifting and dumping large volumes of
sand. The proposed technology, called Underground Gravity
Energy Storage (UGES), can discharge electricity by lowering
large volumes of sand into an underground mine through the
mine shaft. When there is excess electrical energy in the grid,
UGES can store electricity by elevating sand from the mine
and depositing it in upper storage sites on top of the mine.
Unlike battery energy storage, the energy storage medium of
UGES is sand, which means the self-discharge rate of the
system is zero, enabling ultra-long energy storage times.
Furthermore, the use of sand as storage media alleviates any
risk for contaminating underground water resources as op-
posed to an underground pumped hydro storage alternative.
UGES offers weekly to pluriannual energy storage cycles with
energy storage investment costs of about 1 to 10 USD/kWh.
The technology is estimated to have a global energy storage
potential of 7 to 70 TWh and can support sustainable devel-
opment, mainly by providing seasonal energy storage ser-
vices.

Energies 2023, 16(2), 825;
https://doi.org/10.3390/en16020825

https://www.mdpi.com/1996-1073/16/2/825
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Direct Steerable
Pipe Thrusting

Direct Steerable Pipe Thrusting

Task Committee on Direct
Steerable Pipe Thrusting

Sponsored by the Task Committee
on Direct Steerable Pipe Thrusting
of the Committee on Trenchless
Installation of Pipelines of the Utili-
ty Engineering & Surveying Institu-

te of ASCE

Direct Steerable Pipe Thrusting details how engineers and
construction professionals can utilize the Direct Steerable
Pipe Thrusting (DSPT) method, also known as Direct Pipe, a
relatively recent innovation in the trenchless pipeline in-
stallation industry, which combines characteristics of hori-
zontal directional drilling (HDD) and conventional micro-
tunneling to design and install pipelines in ground conditions
that would be challenging for other trenchless methods.

Topics include

e History of DSPT;

e Qverview of the DSPT method;

e Parameters that should be considered when determining
the applicability and constructability of a potential DSPT
project;

e Guidance on how to conduct site investigations that are
critical to the DSPT process;

e Design process involved in the DSPT installation method,
pulling techniques from both HDD and microtunneling;

e Installation stresses, evaluation, considerations, and
calculations;

e Contract documents and forms, delivery methods, and
potential legal issues associated with DSPT projects; and

e Overview of the construction phase of DSPT
installations.

MOP 155 provides information on the DSPT method and
serves as a contribution to the DSPT engineering practice to
benefit engineers, owners, contractors, equipment manufact-
urers, and other project and industry stakeholders.

(ASCE, 2023)
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GEO-TRENDS REVIEW

www.mygeoworld.com/geotrends/issues/23-May-
2023

KukAogpopnoe To Teuxog 23, Mdiou 2023 pe Ta akoAouBa
nepiexoueva:

ADONIS: A Free Finite Element Software for Geo-Engineers
10 May 2023
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Read More

Online Lecture Notes on Soil Mechanics - Chapter 2 uploaded
- 11 May 2023
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Chapter 2 Stresses in Soils by the book Athanasopoulos, G.
A. (2021) "Online Lecture Notes on Soil Mechanics" is one of
the recent chapters uploaded. Three chapters of the book
have so far been added to Geoengineer.org, all of which are
available for free.

Read More

View of Vale Base Metals Sudbury Copper Cliffs South oper-
ational and Legacy TSF - 08 May 2023
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45.450008,-81.084468.

e b
Vale Copper Cliff South - TSFs Legacy and Active

Data from 4/14. TIRI-1 Service processing and areal
disposition of surface water, vegetation, and beach/ distributed
solids - highlighted (cyan) target zonal map exhibited

Read More

Bulletin Vol. 17, Issue 2 - April 2023 published - 12 May 2023

Read More

International Geosynthetics conference GEOAFRICA 2023 -
11 Mar 2023

/4 fo

CERTIFICATE OF APPRECIATIOﬁ

f The 4" African Conference on Geosynthetics — GeoAfrica 2023
‘extends its appreciation and gratitude to

Dr. Abdelwahab Tahsin

for accepting to join the Scientific Committee of GeoAfrica 2023 Conference and provide
insightful contribution during the peer-review editorial process of the delegated papers

/

Prof. Rami El-Sherbiny Prof. Marawan Shahien Dr. Omar Amer
Reni EdSharking Paramen Shakion Onir Amer Y 4

Editor-in-Chiet '

ISSMGE Interactive Technical Talk Episode 6: Unsaturated
Soils (TC106) - 13 Apr 2023

Chairman Chairman

Read More

The sixth episode of International Interactive Technical Talk
has just been launched and is supported by TC106. Prof. En-
rique Romero, Dr. Maha Saleh and Liuxin Chen are discussing
with Dr. Marc Ball...

Read More

Two houses slide off cliff after landslide in Draper, Utah - 27
Apr 2023

Read More

ZeAida 36


https://www.mygeoworld.com/posts/149995
https://www.geoengineer.org/education/online-lecture-notes-on-soil-mechanics/chapter-2-stresses-in-soils
https://www.mygeoworld.com/posts/149993
https://www.mygeoworld.com/posts/150009
https://www.mygeoworld.com/posts/149883
https://www.mygeoworld.com/groups/unsaturated-soils-tc106/discussions/issmge-interactive-technical-talk-episode-6-unsaturated-soils-tc106
https://www.mygeoworld.com/posts/149968

ISSMGE Lifetime Achievement Medal - 12 May 2023

P
?I,', A

Read More

The Geo-community now has its own discord server! - 19 May
2023

\ !

-t

L) oiscoro
SERVER

We are pleased to announce the launch of the Geoengi-
neer.org discord server, a service where Geotechnical Engi-
neers from all over the world will be able to message or voice
chat with each other ...

Read More

PLAXIS 2023.1 New release is out! - 03 Mar 2023

The latest releases of PLAXIS marks our definitive transition
to becoming part of Seequent, The Bentley Subsurface Com-
pany, with some minor cosmetic changes and a change to
the version numbe...

Read More

Seequent unveils SLOPE3D: Advanced stability analysis tool
to help engineers design safer slopes - 05 Apr 2023

SLOPE3D extends capabilities of GeoStudios trusted 2D
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SLOPE/W product into 3D, significantly enhancing stability
assessments for slopes in the mining and civil indus-
tries. CALGARY, CANADA, Ap...

Read More

Undrained analysis of a deep excavation in clayey soils using
PLAXIS Hardening Soil model in RS2 - 04 May 2023
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When analyzing a geotechnical problem, different design pa-
rameters are utilized depending on drained or undrained con-
ditions. A drained analysis is typically used for soils with large
permeabilities, ...

Read More

Final design of HS2 Chiltern Tunnel’s North Portal revealed -
25 Mar 2023

Read More

Call for Abstracts: 5th International Conference on Transpor-
tation Geotechnics - 14 Apr 2023

On behalf of the Organising Committee, we have the pleasure
of inviting you to the 5th International Conference on Trans-
portation Geotechnics (ICTG) 2024, to be held in&nbs...
Read More

Research Study About Women in Engineering Student Pro-
jects - 23 Mar 2023

Greetings, We are Stacey Kulesza and Mojdeh Pajouh. We
are faculty in the College of Engineering at Texas State Uni-
versity and the University of Nebraska Lincoln. Together with
our colleagues, Drs....

Read More
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Call for Abstracts: 4th International Society for Intelligent
Construction Conference (ISIC 2024) - 17 Mar 2023

The International Society for Intelligent Construction 2024
Conference (ISIC 2024) will be held in Orlando, Florida, USA,
from 10 to 12 September 2024. Intelligent construc...

Read More

News and Information Circular - May 2023 - 12 May 2023
Read More

Community for African Geo-Professionals - 06 Apr 2023

MENTORSHIP
NETWORKING
COLLABORATIONS
TECHNICAL SESSIONS

African

GEO-PROFESSIONALS

Geo-Africa!
d.com/groups/africar

Read More

Completely weathered soil collected from SPT sampler - 27
Mar 2023

Borehole ID

‘igu O

Read More

Massive sinkhole in Daisetta, Texas, starts growing again, af-
ter 15 years of being stable - 06 Apr 2023
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Read More

Iragi Scientific Society for Soil Mechanics and Foundation En-
gineering - 21 Mar 2023

IC$ 2000
&yl jall dxlaigall azmaall

Read More

Lexicon now also in Greek! - 09 Mar 2023

Read More

Second building collapses after landslide in Tijuana, Mexico -
12 Apr 2023

Read More
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KukAopopnoe To IGS Newsletter Tng International Geosyn-
thetics Society pe Ta akoAouBa nepiexdpeva:

IGS NEWSLETTER - May 2023

Helping the world understand the appropriate value and use

of geosynthetics
www.geosyntheticssociety.org/newsletters

IGS Launches ‘Strategy 2022-2026" Report READ MORE
5th GeoAmericas ‘A Major Platform For Pan-American Ac-
tivities’ READ MORE

Sustainability Leads 5th GeoAfrica Conference READ
MORE

Register Now For Geomembranes Webinar READ MORE
Praise For Speaker-Focused GeoAfrica4 Conference READ
MORE

Geotecnia Journal Wins Wider Audience READ MORE
Remembering IGS Spain’s Pedro Abad Santos READ
MORE

Call for Papers: Special Issue on ‘Soil-Geosynthetic Inter-
action’ READ MORE

Young Members! Apply Now For Travel Grant To 12th ICG
READ MORE

Calendar of Events
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EKTEAEZTIKH ENITPOINH EEEEMM (2019 - 2023)

MNpdedpog : MixdAng MMAPAANHZ, Ap. MoAITikdg Mnxavikog, EAA®OS 3YMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

A’ AVTINpoedPOG : Xpnrotog TEATZANI®OS, Ap. MoAimikdg Mnxavikog, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

B’ AvTinpoedpog : MixaAng NMAXAKHZ, MoAITikog Mnxavikog
mpax46@otenet.gr

levikdg MpappaTeag: MNwpyog MNEAOKAS, Ap. MoAITikog Mnxavikog, Enikoupog Ka@nyntrg TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

Tapiag : MNwpyog NTOYAHZ, MoAITikog Mnxavikog, EAA®OMHXANIKH A.E.- FTEQTEXNIKES MEAETES A.E.
gdoulis@edafomichaniki.gr

'Eqopog : lewpylog FTKAZETAS, Ap. MoAImikdg Mnxavikdg, OuoTiHog Kadnyntrg E.M.M.
gazetas@central.ntua.gr, gazetas50@gmail.com

MéAnN : Avdpéag ANAITNQSTOMOYAOS, Ap. MoAITikdG Mnxavikog, OpoTIMog KaBnyntng EMNM
aanagn@central.ntua.gr

Navayiwtng BETTAZ, MoAITIKOG Mnxavikog, OMIAOS TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvaninpwTpia KaénynTtpia E.M.M.
mpanta@central.ntua.gr

AvanAnpwuaTika
MéAR : Xpnotog STPATAKOZ, MoAITikdg Mnxavikog, NAMA A.E.

stratakos@namalab.gr

BaAia ZENAKH, Ap. MoAImikdg Mnxavikog, EAAOOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

EkdOTNG : XpnoTog TEATZANI®OS, Ap. MoAITIKOC Mnxavikoc, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

EEEEI'M

Topéag MFEWTEXVIKAG TnA. 210.7723434

ZXOAH NOAITIKQN MHXANIKQN Tort. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveiounoAn Zwypagou geotech@central.ntua.gr

15780 ZQIrPA®OY IoTtooeAida www.hssmge.org (Uno KaTAokeun)

«TA NEA THZ EEEEMM» EkddTNnG: XproTtog ToaTtoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapTtwvTal» Kal oTnv 10TooeAida www.hssmge.gr
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