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Fault responsible for Samos earthquake identi-
fied

Preliminary data indicate that the fault that ruptured
in the Samos earthquake slipped 6 feet (1.8 meters)

Athanassios Ganas, Panagiotis Elias, Pierre Briole,
Varvara Tsironi, Sotiris Valkaniotis, Javier Escartin,
Ilektra Karasante, Eirini Efstathiou

Summary

On October 30, 2020 11:51 UTC, a strong shallow earthquake
rocked the eastern Aegean Sea. The epicenter was located
offshore of the Greek island of Samos, about 160 miles (260
kilometers) to the East of Athens. The earthquake was a
magnitude-6.7 on the Richter Scale according to the National
Observatory of Athens (NOA). The effects of the earthquake
were devastating in Greece and Turkey. In Greece, two
young children lost their lives from a wall collapse in the town
of Vathy, eastern Samos. In Turkey, more than 100 people
died from multiple building collapses in the city of Izmir about
40 miles (60 kilometers) to the north of the epicenter.

Here we present a first analysis of the geodetic data that were
gathered and processed as of Nov. 4, 2020 15:00 UTC. Our
preliminary modeling indicates that the rupture occurred on
a 23-mile long (37 kilometer) north-dipping tensional (*nor-
mal’) fault located off the northern shore of Samos.

InSAR is a form of imagery collected by repeating passes of
a radar satellite over an area. The technique is used to meas-
ure how much the ground has moved roughly vertically be-
tween each pass of a satellite and can give scientists a clue
as to how much slip occurred on a fault beneath the surface.
In this case, the fault that ruptured in the Samos earthquake
slipped 6 feet (1.8 meters). The upper edge of the fault rup-
ture — the part of the fault that slipped closest to the surface,
is at a shallow depth of 0.9 miles (1.5 kilometers) near the
northern shore of Samos.

Introduction

The Samos area is located in eastern part of the Aegean (Eur-
asia) microplate, a well-known extensional, back-arc area
behind the Hellenic subduction (McKenzie, 1978; Ganas and
Parsons, 2009). The kinematics of the plate motions are de-
termined by the subduction of the African oceanic plate under
the Aegean and the westwards motion of the Anatolian mi-
croplate. Crustal extension is accommodated by a combina-
tion of normal-slip and strike-slip motions along active faults,
especially in central Aegean and western Anatolia (Mascle
and Martin, 1990; Taymaz et al. 1991; Tan et al. 2014). In
terms of strain, the amount of crustal extension between Sa-
mos and western Anatolia (the broader Izmir area) is 7.4
mm/yr according to Vernant et al. (2014) based on GNSS
data modeling.

The Mw=7.0 earthquake of Oct. 30, 2020 11:51 UTC oc-
curred north of the island of Samos (Fig. 1), along a E-W
striking normal fault as indicated by the moment tensor so-
lutions of both regional and teleseismic data (compiled by
EMSC). Through Nov. 2, 2020 more than 776 aftershocks
(with 2.0=<ML<5.2) were recorded by EMSC (Fig. 2). Three
hours after the mainshock, a moderate-size Mw = 5.2 after-
shock struck at 15:14 UTC. The moment tensor solutions of
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the mainshock indicate E-W to ESE-WNW normal faulting in
agreement with the regional, extensional tectonics. The af-
tershock sequence extends over a distance of 70-km east-
west with most of events occurring to the east of the
mainshock (Fig. 2). The EMSC aftershock data (the longitude
vs time plot; in days from main shock) show that the se-
quence is spatially constrained between 26.4°E - 27.2°E (Fig.
2 middle panel).
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Fig.1: Location map showing shaded topography/bathyme-
try, the focal mechanism (beachball; GCMT solution) and

the epicenter of the Samos October 30, 2019 earthquake.

Triangles indicate permanent GPS (GNSS) station locations.

Sentinel-1 Interferogram

We used the ascending images acquired by the European sat-
ellites Sentinel-1 on October 24 and October 30, 2020 on the
track 131. The interferogram (Fig. 3) was made on the Geo-
hazards Exploitation Platform using the SNAP software. The
digital elevation model (DEM) used for the processing is the
Shuttle Radar Topography Mission (SRTM) 1 Arc-Second
Global. We enhanced the signal to noise ratio by applying the
adaptive power spectrum filter of Goldstein and Werner
(1998) with a coherence threshold of 0.3. The quality of the
interferogram is good, both in terms of coherence and trop-
ospheric noise. The interferogram shows fringes correspond-
ing to ground deformation onshore Samos. The absolute
value of the interferometric fringes is estimated by the tie to
the GNSS stations SAMO and SAMU (Fig. 1) that captured the
co-seismic displacement. All fringes correspond to motion to-
wards the satellite except the short northern one located by
the coast where the motion is away from the satellite. We
extracted the line of sight (l.o.s) displacements by picking
the six fringes on Fig. 3 at 64 locations in total. The uplift is
interpreted a result of co-seismic motion along an offshore
normal fault, running E-W and dipping to the North.

Co-seismic motion of the GNSS stations

We analyzed the data of eleven GNSS stations belonging to
two Greek private networks, SmartNet and Uranus, and from
the Turkish network CORS (Fig. 1). The processing was made
using two different Precise Point Positioning (PPP) software:
the GIPSY/OASIS II software (ver. 6.4) developed by the Jet
Propulsion Laboratory (JPL), and the Canadian online pro-
cessing PPP service. The coseismic displacements are listed
in Tab. 1, and Fig. 4 shows the time series at SAMO (Karlo-
vasi). We could not see in the GNSS data evidence for any
rapid post-seismic deformation, and in particular there is no
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offset at the time of the large aftershock on Oct. 30, 2020
15:14 UTC (M=5.2). Consequently, because the second Sen-
tinel-1 image was acquired in the afternoon of Oct. 30,
shortly after the event, we assume that the interferogram
(Fig. 2) contains coseismic signal only with insignificant post-
seismic fault slip.
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Fig. 2. Spatiotemporal evolution of the Samos aftershock
sequence (source of data: EMSC). Circle colours correspond
to depth, and size to the magnitude. Bottom panel shows
frequency of occurrence with respect to longitude (east-
west).

Fig. 3. The coseismic interferogram (wrapped phase;
cropped swath) over Samos island for image pair Oct. 24-
Oct.30, 2020.

Fault model

We use the InSAR l.0.s. displacements and the GNSS offsets
to estimate the fault parameters assuming a rectangular
source buried in a homogeneous elastic half-space and ho-
mogeneous slip. Our inversion approach finds the geometry
and kinematics (strike and dip-angle) of best-fitting fault
model. We invert jointly the l.0.s InSAR ground motions and
the GNSS co-seismic displacements using the code inverse6
(Briole, 2017). The modelling allows us to constrain seven
parameters: the 3D location of the fault-top center, the fault
azimuth, length and width and the amount of slip. We assume
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pure normal faulting and do not invert for a component of
rake, as this parameter is coupled with the fault azimuth in
the inversion of geodetic data. We also fix the fault dip-angle
of 37° given by the seismological moment tensors, as the
geodetic data does not have the capacity to resolve this an-
gle. The fault width is also only loosely constrained because
there are no GNSS points in the near field on the Turkish
shore in front of Samos. Our best fitting model is with a fault
of 36 km length and 18 km width, striking N276°E, (Fig. 5).
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Fig. 4. Position time series (E, N, Up) of station SAMO (see
location in Fig.1). The co-seismic offsets are the following:
dE = -6 cm, dN = -37 cm and dU = +8 cm. The red vertical
lines indicate the timing of the main shock.

Analyzing the solution space, we find that all lengths between
32 and 42 km are possible, all widths between 14 and 19 km,
and all slips between 1.5 and 2.2 m, with the product of the
three being constant (to comply with the derived geodetic
moment). The possible range of depths of the base of the
fault slip is 10 to 13 km, thus slightly deeper that the 10 km
found for the Mw = 6.6 July 2017 Kos-Bodrum earthquake
(Ganas et al. 2019). We also verified the impossibility of the
south dipping fault model, as such model cannot jointly fit
the GNSS vectors and the InSAR fringes.
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Fig. 5: Synthetic interferogram corresponding to our best
fitting fault model (projection of the fault in black). The fault
dip-direction is towards north thus Samos comprises the
footwall block. The white arrows indicate the observed
GNSS displacements and the black ones the model.
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The October 30, 2020,
Mw 6.9 Samos (Greece) earthquake

Newsletter #21 Tou MpoypappaTog MeTaNTUXIAK®V ZNoudwv
ZTpaTnyikég Alaxeipiong NepiBaAlovrog, KataoTpopmv
& Kpiogwv Tou EBvikoU & KanodioTpiakou MavenioTnuiou A-
envav.

To Teuxog €ival NpooBaciyo edw.
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Preliminary Teleseismic Finite-Fault Models for
the 2020-10-30 M7.0 Greece Earthquake

+ Initial Rupture Point (Hypocenter): KOERI
+ Method: Shimizu+2020GJI

+ Two Possible Fault Planes (USGS W-Phase Moment Ten-
sor): Indistinguishable by FFM

+ Likely bilateral shallow rupture
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Aopupopikf CUHBOAOHETPIKN ANEIKOVION TOU
nediou e3aPIKNG NAPAHOPP®WONG AOY® TOU OEI-
oMOU oTn Zapo TnG 30 OkTwPRpiou 2020 11:51
UTC

SnAuepa, n unnpecia geObservatory Tou Kévtpou Epsuvav Ao-
pupopikng TnAeniokénnong BEYOND Tou EBvikoU AoTepooko-
neiou ABnNvwv cuveéAeEe ano To Hellenic Mirror Site Tnv npwTn
d1a6€01un 60pUPOPIKN EIKOVA pavTap uwnAng avaAuong PeTa
TOV 10XUPO OEIonO OTn SApo, Kal NapeXel Twpa TNV npwTn
xaptoypagpnon Tng €da®iknG Napapopewong atnv eupuTepn
nepioxn nou enAnyn, ME TNV €NIPUAAEN va dwoel Kal VEOTE-
pPOUG UNoAoYIOHOUG PHETa OTIG ENOUEVEG NHEPES NPOG eniBeBai-
WON TWV YHETPRAOEWV ToU Nediou NapapopPwaong Kal TwV Npw-
TWV NApAHOPPWOEWY Nou diapaivovTal 6To NPpWTO AUTO CU-

Boloypagnua.

270 NAapakdatw O1apopikd cupBoAoypd@nua paiveral To po-
TiBo €daIkng napapodpwaong otn dislBuvon dopupdpou -
oroxou (line-of-sight). =Tnv nepioxn Kapnog nou Bpiokeral
0TO BOPEIO KOPHUATI TNG SAMOU Kal nepinou 15 XIAIOPETPa pa-
Kpua and To €NiKEVTPO TOU CEICHOU, PNopei kaveig va diakpi-
vel dUO ME TPEIC KPOOOoUG GUHPBOANC. KABe TETOI0C KPOOTOG
avTIoTOIXEl O€ 2,8 €KATOOTA NAPAPOPPWONG.
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To Hellenic Mirror Site ouvTnpei kal d1aBETEl €IKOVEG UWNANG
XWPIKNG avaAuong Twv Eupwnaikwv dopu@odpwv Sentinels. H
OUYKEKPIPEVN DOPUPOPIKH €1KOVA €ival eikdva pavTdp ouvBe-
TIKOU avoiypatog SAR Sentinel-1A avodikng TpoxIag Kal Xw-
pIkAG avaiuong 10 m pe wpa Afwng 18:04:31 Tonikn wpa.

O oelopoG onuelwBnke Tnv Mapaokeun 30/10/2020 oTig 11:51
UTC, cixe péyeBog 6,7 PixTep, €oTiako BaBog 11,8 AW, Kal
eNikevTpo 17 xAY Bdpeia TNG ZApou, cUPPWVA PE TA OTOIXEIa
Tou MewduvapikoU IvoTiTouTou Tou EBVIKOU ACTEPOCKOMEIOU
ABnvov. Mexpl OTIYHNAG O TPAYIKOG anoAoyIopog otnv EAAGda
Kal oTn yeiTovikn Toupkia avaQepel os vekpoUc, Yeydlo a-
pIBUO and TpaupaTieg KAl TEPAOTIEG UAIKEG KATAGTPOPEG. O
TPAYIKOG anoAoyiopog ouveyiletal kal Ta voUpepa aAAalouv
ouvexwg. To Kevrpo BEYOND diaxeipiong @UOIK®V KaTagTpo-
@wv Ba napapeivel avoixTo kal Ba BpiokeTal oTn cuvdpoun
TWV ApXWV HE TNV OUVEXN EVNHUEPWON HECW TWV NApatnpn-
oWV TwV dlaoTnUIKwV anootoAwv Copernicus Sentinels nou
oUAAgyel To Hellenic Mirror Site.

To npoidv dnuioupynBnKe HECW TNG AUTOPATONOINUEVNG AAU-
oidag geObservatory yia Tnv napaywyn 51a@opikwv cuppo-
AoypaupdaTwyV ano €Ikoveg Pavtap SuvBeTikoU AvoiyuaTog. H
TEXVIKN a&lonolei U0 TETOIEG EIKOVEG, HIA MPIV KAl Hid HETA
Tov O€IoPO Kal unoAoyilel Tnv dlagopa oTnv anooTacn dopu-
POpPoU-yYNG HETAEU TwV dUO J1adoXIKWV ANYEWVY.

2Tnv 10TOCEAIDa TOoUu geObsevatory
(http://geobservatory.beyond-eocenter.eu) eupavilovrar o6-
Aa Ta diapopikd cupBoAoypdupaTa nou oxeTiCovTal e To O€l-
OMIKO yeyovoc. H 1oTooegAida Ba enikalponolsital kal 6a Kavel
ouoTnuaTikd 81a6€oipa veéa npoidovTa PETPNONG TNG €DAPIKNG
napapopPwong Kabwc véa dopuopika dedopéva Sentinel-1
Ba yivovTal diabéoiua.

BEYOND Centre of EO Research & Satellite Remote Sensing,
31 October 2020, http://beyond-eocenter.eu/in-
dex.php/news-events/344-doryforiki-simvolometrikh-
apikonish-edafikhs-paramorfwsis-sth-samo

(C249-0)

K. Nanadaxog: Nari n Zapgog YAITWOE Ta Xe1pO-
TEPA ANO TOV CEICHO

H kAion npog Boppd Tou priypatog oTn Zdapo deixvel va ang-
TpeWe pia NoAU peyaAUTepn €KTACN TWV KATACTPOP®V Kal Mi-
Bavwv ouvenakoAoubwv avlpwnivwv anwAeiwv oTo vnai, a-
no Tov IoXUpO CIohd nou onueimwdnke To npwi Tng Mapa-
OKEUNG.

O oeIop0g oToixloe Tn {wr) o€ dUo veéa naidid, Ta onoia KAaTa-
NAGKWOE TOIXOG ano £va €ToINOPPONO ONiTI, TNV WPA Nou ené-
oTpE®Av and To Padnud Toug, evw otnv Toupkia npokAnen-
KAV Mo EKTETAPEVEG KATAOTPOPEG PE TOV VEOTEPO TPAYIKO a-
noAoyiopod va avagépel 62 BupaTa. Ti guveRN OPWG Kal NWG N
€daQIKn NapapopPwan oTnv guplUTEPN NEPIOXN MOU EMNARYN
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unopei va €€nyei Tn diagoponoinon oto Péyebog Twv InUILV
KAaTa PAKOG TOU pRyHaTog;

O kabnynTig Meweuaoikng Tou AMO, KwvoTtavTivog Manalaxog
divel Jia NpokaTapKTIKNA EpUNVEia yia Tn CEIoNIKn dpaaTnpio-
TnTa PiAwvTag oto AME.

«H Zapog BpiokeTal oTo VOTIO KOPKATI TOU pAYHATOG, ONou To
£€3aPog avuywbnke eAappd, Bpednke dnAadr oTtnv «nAaTn»
TOU KAVOVIKOU PpriypaTog, nou ouvhBwg OEXETAI MOAU HIKPO-
TEPEC OEIOPIKEC KIVATEIG» AEEl

«Eneidn To prypa €xel kAion npog Tov Boppd -auTod deixvouv
Kal Ta ENIKEVTPA TWV PHETACEIOPWV - TO KOMPATI nou BuBioTnke
BpiokeTal oTn BaAdacaia neploxn Bodpeia TG Sduou. Ekei nTav
Kal TO THAHA nou 3EXONKE TIG NIO I0XUPEG OEIOHIKEG KIVINOEIG»,
dieukpivilel o KaBnynTng. «AuTo €Enyei evOEXOMEVWE YIATI Ol
KaTaypageg Twv enitaxlvoewyv oto Babu Atav 25% Tng eni-
Taxuvong BapuTtnTag g - Baon dedopéva ano 1o ITZAK- Tiun
uwnAn, aAAd oxi NoAU uwnAn yia evav ogiopd Twv 7 PixTep,
ONWC 0 OEIOPOG NoU £YIVE. AV TO pryHa EKAIVE NpoG TN WeEPId
NG Zapou, Ba eixape akpiBwg avtioTpopn €ikova, TIG NIo on-
MAVTIKEG KIVAOEIG TNV ZApo, HE NoAU QUONEVETTEPO anoAo-
yiopo. MNa Tov idlo Adyo Kal oI aVAUEVOUEVEG OEIOUIKEG KIVI-
O€IC TWV JETACEICU®Y, NOU ouveyifouv va onave TUAPATa Tou
prYHATOG, avapEveTal va eival eEAa@pd HIKpOTEPEG ano 6,71 Ba
nepipeve Kaveic. Méoa otnv Tpaywdia, n YEWUETPIa Tou pRy-
paTtog deixvel va aneTpeWe Ta noAU XeIpdTeEPA yia TO VNOi».

O1 BuBioeig

Ta oToixeia oTov dopupopikd XapTn deixvouv OTI oTo BopElo-
TEPO TUNAMA TNG =apou (Aylog KwoTavTivog — BoupAI®TEG) u-
napxel pia ubion £€wg 6-7 €kaTtooTa Kail Wia unowia BuUBIoNg
oTtn BopeloavaTtoAikn =apo (Mpacovnal). ‘'Ouwe, N AuTIKA Kal
BopeloduTikr) ZApog napoucialouv PEYAAEG AVUWWOEIG, Avw
TV O€Ka €KATOOTWV. TNV idia oTiyun o 6aAacaiog nubuévag
Bdpeia TNG Zapou kai o1 BOPeIEG akTEG Npog Tnv Toupkia Bu-
BioTnkav npog Ta KATW.

H d1appnén Eskivnoes anod To unokevTpo (Badoc ~13km, onwg
€NEVAnpoadlopioTnKe) KAl N NPOXWPNOE Kal OTIG 2 KaTeuBUV-
oeig (AvaToAika kal AuTika), kaAUnTovTag pia éktaon 55-60
XIANIOUETPA o€ PnKog kai 15 XINOUETPpWY 0€ NAATOG. «TO UNKOG
55-60 XIAIOUETPWV QVTIOTOIXEI OE Evav OEIOUO Twv 7 PixTep»
onueiwoe o KabnynTnc.

«H peydaAn oAiobnon navw oTo prypa méavoTtaTa £yIVeE oTo
OUTIKO THAMA TOU PrYHATOG, €KEI MOU TO PryHa i0WG £PTACE
kal otnv enigpdveia, pyeratonilovrag onuavTika Tov 8aldoaoio
nuBPEVA Kal NPoKAA®WVTAG TO TOOUVAMI», NPOCOEDE.

O k. Manalaxog kal n opada Tou Ba cuvexioouv TNV £peuva
navw oTa apXika Toug cUPnEpAcuaTa, agionoinvTag npoode-
TEG avaAlOoeIG TwV OEIOPOAOYIKWV JdedopEvwY Kal Twv GPS,
Kabwg kal TUXOV ENIPAveIakEG NapaTnpnoslq.

(Képdog online 2/11/2020, http://www.kerdos.gr/enioTiun-
TEXVOAOyia/376572-k-nanalaxog-yiaTi-n-0duoG-yAiTwoe-Ta-
XEIPOTEPA-ANO-TOV-CEITUO)

(C249-0)

MeydaAo OeIOHO0 OTN ZAHOo £3€IXVE NPOYvVWON ano
TO 2004

To o@odpo XTUNNHA TOV 6,7 PiXTEP AIPVISIACE TOUG Ka-
TOiKOUG TNG ZAHOU kal TNG ZHUPVNG, OHWG JEV ANOTE-
Aeoe «€KnNAn§n> yia Toug ENICTHHOVEG

O XapTng (Tng enduevng oeAidag) aneikovilel Ta evepyd Oel-
OMIKa pRyHaTa Tng Zapou Onwg XapToypaenénkav anod Tnv
€peuvnTIKA opada Tou TunuaTog MewAoyiag Tou AMO kal Tou
TuRpaTog Mewypagiag Tou Navenigrnpiou Alyaiou. O kabnyn-
TAG =nUpog Maulidng €Enyei Nwg «eiXape eKTIMNAOCEI Tn OEl-
OMIKM dUVAMIKOTNTA Tou UnoBaAdcciou pryHaToG Nou NPoka-
Aeog Tov oglop6 TnG Mapaokeung ota 6,8 pixTep. ONwg npo-
KUMTEl, 0 OEIOHOG AUTOG EVEPYOMNOINCE KAl TO Pr)YHA MOU EKTEI-
veTal napdAAnAa Pe TIG akTEG Tou KapAoBaagiou»

Tnv evepyonoinon evog OeUTEPOU OEICHIKOU PRYHATOG OTN
S4auo gaivetal 0TI £XEl NPOKAAETElI 0 OEIONOC TNG NEPATUEVNG
Mapaockeung Nou okopnioe Tov Bavarto kal oTig U0 NAEUPEG
Tou Alyaiou. Onwg €Enyolv €idikoi nioTrpoveG oTta «NEA>»,
META Tn ddvnon Twv 6,7 pixTEP €€l KATAypaPei nAouaoia pe-
TAoEIoWIKA dpaoTnpIOTATA, TUAWA TNG onoiag €xel PeTaToni-
OTEl NPOG Ta SUTIKA: TO OTOIXEIO AUTO, CUNPWVA PE TOV ZNUPO
MauAidn, opoTIHO KABNyNTH FewAoyiag Twv Zeiopwyv oTo AMNO,
HapTupd Tnv evepyonoinon evog AAAoOU priyHaTog, Mou eKTEi-
VETAI KaTd PAKOG TWV aKTwV, KovTd ato KapAoBaaoi, kai xel
duvapIkoTNTa €WG Kal 6,4 pixTep.

Aiya oToixeia €ival yvwoTd yia To priyda nou NpokAaAeos Tn
@ovikn dovnon Tng MNapaokeunc, kabwg orta unoBaAdcoia
prydaTta n ouAAoyn a§ionioTwv dedoUEVWY €ival SUOGXEPNG.
Kanolol ekTigoUV To PAKOG Tou ota 30 XIAIOUETPA, EV® AAAOI
Bewpolv nwg unepBaivel Ta 50 XIAIOPETPA kal anguxovTal To
evOEXOMEVO N HETATOMION TNG OEIOUIKAG dpaaTnpldTNTAG va &-
nipeEPEl To «ondoigo» dAAou KopuaTtioU Tou PriyuaTtog, npog
TNV NAgupa Tng Ikapiag.

XapToypagpnon

«H gnigTnuovikn pag opdda, anod 1o Tunua MewAoyiag Tou A-
pioToTeAgiou MavenioTnuiou kal To TuAua Mewypagiag Tou
MavenioTnuiou Alyaiou, dnuoaicuge To 2013 oTo dieBVEG ne-
p1031k6 "Techtonophysics" pia xapToypa®non OAwv Twv oel-
OMIKA EVEPYWV PNYHATWV TNG ZAPOU Kal I €KTIMNON yia To
HEYEBOC oIopoU Nou pnopsi va napaydayel kaBéva ano auta»,
Aéel ota «NEA» 0 kaBnynTng kar npoedpog Tng EAANVIkAG e-
wAoyIknG ETaipeiag =nUpog NauAidnc.

«Kataypayape nevre priyuarta, oto KapAoBaoi pe duvapiko-
TNTa 6,4 pixTEP, £va KOVTA 0TOV MapaBokapmno duvapikoTnTag
eniong 6,4 pixTep, oTo Mubaydpeio duvapikoTnTag 6,6 PixTEP,
oTo Babu 6,3 pixTep Kal auTd NOU MPOKAAEDE TOV OEIGHO TNG
Mapaokeung, Tou onoiou Tn SUVANIKOTNTA EKTIUNOAUE oTa 6,8
piXTEP. MeTG TNV gvepyonoinor Tou £Xouv KaTtaypagei deka-
OEG WETAOEIONOI, ApKETOI and Toug onoioug €xouv PETAKIVNBEI
npog Tn dUTIKM akTr Tou vnaoloU. And Ta dedouEva nou EXOUE
oTa x&pIa pag BewpoUlEe OTI 0 OEIONOG TNG MNAapaoKEUNnG €xel
gvepyonoinasl To priyua Tou KapAoBaaiou», kataAnyel. «Mno-
pei N dUVANIKOTNTA TOU GUYKEKPIPEVOU PrYHATOC VA EXEl EKTI-
uNnBei ota 6,4 pixTep, AuTO OPWG dev onuaivel 0TI Ba £XOUE
ONwWadnMNoTE €vav CEIOUO TETOIOU HEYEBOUG. MEXPI OTIYUNG
oTNV neploxn Kataypa@ovTal dovAoeig Aiyo HeyaAUTEPEC TV
4 pixTeP>.
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Tn PETATONION TNG OEIOMIKNAG dpaaTnpIOTNTAG NPOG TA dUTIKA
eniBeBaiwvel kal n Eun NopikoU, avanAnpwTpia Kabnyntpia
oTto TunRua MewAoyiag Tou EKMA. «MapdTi dAol ansuxopaoTe
va unap&el evepyonoinon Twv unoBaAdooiwv pnyNaTwy npog
Ta duTIKA, Qaiveral JaAlov To avTiBeTo», Afel ota «NEA».
«ZTnV nepioxn evronifovral NOAAG priypaTa, Pe akpiBwg idia
katelBuvaon, Kal KaTta TN YVOMN JHou anoTeAoUv OAa enéktacn
TOU pryHaTog nou evepyonoindnke Tnv Mapaokeun. Apa, pno-
PEi va PNV £XOUKE akpIB®G evepyonoinon aAAwv pnydatwy,
aAAd evepyonoinon AGAAWV TUNPATWV Tou idIoU PriyNaTocs,
ONUEIDVEL.

M£60d0g ano Tnv KaAipopvia

Onwg 6Aa deixvouv, To opodpd XTUNnua Twv 6,7 pixTep aIp-
v10iaoE TOUG KATOIKOUG TNG =Apou Kal TNG Zuupvng, OuwG dev
anoTEAeoe «EKNANEN» yIa TOUG EMIOTAHOVEG. € QUTO CUVNYO-
pei Kal yia pakponpodBeoun NpoOyvwaon nou €ixe dNUOCIEUTEI
oTa NpakTika digdvoug ouvedpiou yia Tn FewAoyia Tng AvaTo-
AKNAG Megoyeiou Tov AnpiAio Tou 2004 kal €dive mBavoTnTa
avw Tou 80% yia osiopd PeyaAUTePO TWV 6,5 pixTep 0T ZAWO
HEXP! TO 2023.

EnikeaAng Tng €peuvag ATav o SIAKEKPIPEVOG OEICHOAOYOG
Kal MENOG TNG EMITPONNC EKTIMNONG CEITUIKOU KIvdUvou Mepa-
oipog MNanadonoulog. «O1 NEPIOXEG MOU €iXape €EETACEI ATAV
n Zauog, n Podog, Ta Kubnpa, n Kepalovia, n ABrva kai 1o
Bopeio Alyaio», Aéel ota «NEA» o 8p Manaddnouhog. «H pe-
BodoAoyia nou akoAouBroaue BacileTal oTNV KATAVOMN TwV
XPOVIK®V dlacTnudTtwv nou WecoAaBolv avdaueoa oToug
nponNyoUHEVOUG IOXUPOUG asiopoUc ava neploxn. Eival pia pé-
B000¢ nou £xel €EeAixBei and oeiopoAOyouG atnv KaAipop-
VIa», GUUNANPQVEL.
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«Me Tn pebodoloyia auTr) unoAoyiocape Tnv NiIBavoTnTa va yi-
VEI JEYAAOC OEIOUOG PHECA OE OPIOHEVO XPOVIKO opilovTa pe-
TPpWVTAG anod tTnv 1n ZentepuBpiou Tou 2003. O1 uYPnNASTEPEG
neavoTnTeg Pe BAon To NponyoUNEVO IGTOPIKO EvTOMioTNKAV
oTn =dapo kail oto Bopeio Alyaio. =Tn Zago n mbavoTnTa va
yivel ogioudg peyaAUTepog anod 6,5 pixTep pExp! To 2013 ATav
76%, kai yéoa og 20 xpovia, dnhadn wg To 2023, unepERaive
T0 80%>», Aégl 0 lepaoipog MNanaddnouAog. Eniong, enaAnBdel-
TnKe Kai n npdyvwaon yia To Bopeio Alyaio. «Ekei gixape ekTi-
Mnosl mlavoTnTeg avw Tou 75% va onueiwBel ogIonog avw
TWV 6,5 pixTep HEXP! TO 2018 kal oTig 24 Maiou Tou 2014
ekONAWONKE 10XUPOC CEIOUOG HEYEBOUG 6,9 pixTEP>.

(KaTtepiva PoBBa / TA NEA, 3 NoguBpiou 2020,
https://www.tanea.gr/2020/11/03/greece/megalo-seismo-

sti-samo-edeixne-prognosi-apo-to-2004)

o3

MpokaTtapkTikn '‘Ek6son Tou ETAM yia 1o Z€ICHO0
NG Zapou, oTig 30 OkTwPRpiou 2020

H MpokaTtapkTikn 'EkBgan Tou ETAM yia To Z€I0h6 TNG =Auou,
oTig 30 OkTwRpiou 2020, cival diaBgaiun oTov akdoAoubo ouv-
deqpo:
https://www.eltam.org/images/nltr/newsletters/20201125
etam report samos2020earthquake.pdf
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EvTunwoiako video yia To tsunami

https://twitter.com/search?g=samos%?20tsunami&src=typed query

o3

Aipepng Aladiktuakn Hpepida EAAGdag - Toupkiag
O1 OUVENEIEG TOU CEICHOU Mw 6.7 TnG 30nG OkTwBRpiou 2020 o€ ZpUpvn Kal Zago

Registration : zoom.us/webinar/register/WN 1TRPrZQBT4gf9TI1kI5Tig

Mpdypapua : http://www.epes.org.gr/.../3/7/7337589/webinar_programme.pdf

WWW.epes.org.gr

EAAnvikn Emaotnpovikn Turkish Earthquake
Eraipia Epeuvwv Zkupodéparoc Foundation
(EMEZL) (TDV)

AIMEPHXZ AIAAIKTYAKH HMEPIAA
EANAAAL - TOYPKIAZ

(otnv AyyAikn yhwooa)
pe Bépa
O1 cuvéneieg Tov oetopol M 6.7 TG

30™ OkTwfpiov 2020 o TPV Kal ZApo

2UVTOVIOTEC

Dp. Fewpyrog Mevéng Dr. Mustafa Erdik
Ou. KaBnyntrig AJ.9. Op. KaBnynt¢ Bogazici Univ.
MNpoedpoc ENEX : Mpoedpoc TDV

Tetaptn, 9 AskepfBpiov 2020
Qpa évapéng: EANada 17:00 / Toupkia 18:00
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APOPA

Satellite interferometry for mapping surface de-

formation time series in one, two and three di-

mensions: A new method illustrated on a slow-
moving landslide

Sergey Samsonov, Antoine Dille, Olivier Dewitte,
Francois Kervyn, Nicolas d’Oreye

Introduction

Surface deformation information is a key parameter for char-
acterization of natural and anthropogenic processes such as
earthquakes, volcanic eruptions, landslides, glacier flows,
and subsidence and uplift due to resource exploitation (e.g.
Colesanti and Wasowski, 2006; Wasowski and Bovenga,
2014; Elliott et al., 2016; Bayer et al., 2017; Dong et al.,
2018; Li et al., 2019). To this end, space-borne Differential
Interferometric Synthetic Aperture Radar (DInSAR) allows
the derivation of surface deformation with wide spatial cov-
erage, millimetre precision, high temporal and spatial reso-
lutions and all-day and all-weather working capabilities (Mas-
sonnet and Feigl, 1998; Rosen et al., 2000).

However, conventional DInSAR technique measures only one
component of the surface deformation - in the satellite’s line-
of-sight (LOS) (Wright et al., 2004; Hu et al., 2014). This
makes interpretation of DInSAR measurements challenging
and narrows the understanding of the mechanisms and dy-
namics of the deformation processes at work. Different meth-
ods were therefore developed to provide direct measure-
ments of the two (2D, east and vertical) (e.g. Samsonov and
d’Oreye, 2012, Samsonov and d'Oreye, 2017) or the three
(3D, north, east and vertical) components of surface defor-
mation at one point in time (e.g. Wright et al., 2004; Gour-
melen et al., 2011; Ng et al., 2012; Raucoules et al., 2013;
Shi et al., 2018). The most straightforward strategy for de-
riving 3D surface deformation is to combine multiple DInSAR
LOS measurements with different viewing geometries. How-
ever, trying to derive 3D deformation from multi-orbit satel-
lite SAR observations alone poorly constrains the north com-
ponent of motion (Fuhrmann and Garthwaite, 2019). Indeed,
due to the small inter-satellite variation in SAR satellite orbits
(i.e. near-polar orbit), this approach may be applied solely
for a very specific case - in high latitude areas where the
azimuth angle diversity is higher (e.g. Gray, 2011; Hu et al.,
2014). Larger diversity in acquisition geometry can be ob-
tained using airborne DINSAR, that allows acquisition with
any desired azimuthal direction (e.g. Delbridge et al., 2016;
Handwerger et al., 2019). However, the cost of such acquisi-
tions limits the temporal sampling. As a results of these dif-
ficulties, the retrieval of 3D surface deformation therefore
commonly consists of merging conventional DInSAR LOS
measurements with other types of measurements, that may
rely either on SAR imagery or ancillary data, such as GNSS
measurements (e.g. Samsonov and Tiampo, 2006; Sam-
sonov et al., 2007, Samsonov et al., 2008; Hu et al., 2014).

East and vertical deformation components are often derived
from conventional DINSAR applied to two (or more) different
satellite tracks, that are then combined with outputs from ei-
ther speckle tracking Wright et al., 2004; De Michele et al.,
2010; Raucoules et al., 2013; Shi et al., 2018) or Multiple
Aperture Interferometry (MAI) (e.g. Gourmelen et al., 2011)
to retrieve the north component of deformation (Hu et al.,
2014). With the speckle tracking technique, range and azi-
muth deformation are calculated from the offset of a given
point on the ground using local correlation analysis between
two images (Michel et al., 1999; Leprince et al., 2007). This
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method is applied to either the amplitude (Michel et al.,
1999; Pathier et al., 2006) or the phase information (Gray et
al., 2001; Pattyn and Derauw, 2002) of the SAR images.
While it is not affected by signal saturation with high defor-
mation gradient, speckle tracking precision is much lower,
with values between 1/30th to 1/10th of the image pixel size,
than the millimetre-scale precision that can be achieved with
DInSAR (Leprince et al., 2007; Raucoules et al., 2013; Hu et
al., 2014). This implies that the use of the speckle tracking
technique is often limited to the case of relatively large de-
formation. The other method, MAI, aims at extending the ap-
plicability of DInSAR to along-track deformation based on
split-beam DInSAR processing (Bechor and Zebker, 2006;
Jung et al., 2009; Gourmelen et al., 2011). Bechor and Zeb-
ker (2006) found that for interferograms with coherence of
0.4 and higher, MAI outperforms speckle tracking analysis in
precision. However, such high coherence is relatively uncom-
mon, particularly in vegetated regions. Pepe et al. (2016);
Pepe and Calo (2017) proposed to derive 3D deformation
from ascending and descending data by applying higher order
regularizations; this technique was used for mapping 3D de-
formation time series at the Big Island of Hawaii.

Another strategy used to overcome the constraint originating
from the geometry of SAR observation is to make assump-
tions about deformation processes being studied (Hu et al.,
2014). In the case of landslides and glacier flows, a reason-
able assumption is that motion occurs parallel to the surface,
although not necessarily downslope. By reducing the degrees
of freedom from three to two, with this assumption one may
resolve the three components of motion from (at least) one
ascending and one descending DINnSAR datasets. This ap-
proach has been demonstrated on glaciers in polar regions
using single or few ascending and descending interferograms
from the ERS-1/2 tandem mission (e.g. Joughin et al., 1998;
Mohr et al., 1998; Gourmelen et al., 2011; Kumar et al.,
2011). Notti et al. (2014); Kalia (2018); Hu et al., 2018, Hu
et al., 2019 applied a similar principle on landslides, here
projecting measured LOS velocity along the steepest down-
slope (one step further from assuming a movement parallel
to the surface) to obtain estimates of the landslide motion.
Assumption of motion along the steepest downslope may
however be seen as too strict, as it does not allow consider-
ation of lateral motion.

Time series are essential for studying surface deformation
processes, which ideally calls for an integrated multi-sensor,
multi-track and multi-temporal DInSAR measurements ap-
proach (Hu et al., 2013, Hu et al., 2014). However, all the
previous methods discussed above, derived 3D surface de-
formation from either individual interferograms, or separate
or interpolated ascending and descending datasets. Because
of the mismatch in the acquisition times of ascending and
descending datasets, these methods cannot be used to
merge all available DInSAR data for producing a single set of
temporally dense, 3D surface deformation time series (Sam-
sonov and d'Oreye, 2012).

Here, we propose a novel version of the Multidimensional
Small Baseline Subset (MSBAS) method (Samsonov and
d’Oreye, 2012, Samsonov and d'Oreye, 2017), MSBAS-3D,
that is able to produce 3D (north, east, and vertical) surface
deformation time series from multi-track and multi-sensor
DInSAR data. This new method aims at measuring surface
deformation for processes involving motion parallel to the
surface, such as landslides and glacier flows. The ability of
MSBAS-3D to capture the full 3D deformation pattern and the
benefits for the understanding of the processes at work are
illustrated for a large, slow-moving, deep-seated landslide for
which long DINSAR and dGNSS time series, as well as ground
truth data, are available.

Methodology

The Multidimensional Small Baseline Subset (MSBAS) meth-
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odology is developed for simultaneous post processing of the
hundreds to thousands of individual interferograms produced
by a conventional DInSAR processing (Samsonov and
d’Oreye, 2012, Samsonov and d'Oreye, 2017). Depending on
the number of datasets, their acquisition parameters and
specified control flags, the technique produces line-of-sight
(MSBAS-1D), east and vertical (MSBAS-2D), and now north,
east, and vertical (MSBAS-3D) surface deformation time se-
ries. The output of processing consists of cumulative time se-
ries for each acquisition epoch and linear deformation rate
for each pixel that remains coherent throughout the entire
time span. A brief derivation of all three techniques is pro-
vided below, with an emphasis on the new MSBAS-3D tech-
nique.

MSBAS-1D

In case of a single DInSAR dataset computed from data ac-
quired by a sensor with an azimuth angle 6 and an incidence
angle @, the LOS surface deformation time series is com-
puted by applying the Small Baseline Subset (SBAS) tech-
nique (Berardino et al., 2002; Usai, 2003). The SBAS tech-
nique implemented in MSBAS-1D software is called when one
or more DINSAR datasets with similar incidence and azimuth
angles are provided. In matrix form MSBAS-1D can be writ-
ten as

+ Vi AL

AV, =&, W, =A*®, 4L =4a o 1)

oz los

where A is a matrix constructed from the time intervals be-
tween consecutive SAR acquisitions, Vies is a vector of the
unknown LOS deformation velocities, ® is a vector of ob-
served DINSAR values, A* is a pseudo-inverse of matrix A
found by applying the Singular Value Decomposition (SVD),
and dlosi is a cumulative LOS deformation at the time t'.

The LOS deformation velocity Vies is related to the three com-
ponents of the deformation velocity vector V with compo-
nents VN, VE, VV through the following equation

Vios = SV = SyVy + SgVe + Sy W )

where S = {Sn, Sg, Sv} = {sinb sin@, — cosBO sin®, cosP} is
a LOS unit vector with north, east and vertical components
Sn, Sg, Sv.

MSBAS-2D

When both, ascending and descending DInSAR datasets ac-
quired over the same area and time period are available, the
MSBAS-2D technique computes east and vertical components
of surface deformation time series. This solution is approxi-
mate because the contribution of the third, north component
is neglected for the reason that Sn < Sg, V and Vn = Vg, V. In
matrix form MSBAS-2D can be written as

) () () (@) s,

where the matrix consists of the matrix A (described above)
multiplied by the east and vertical components of the LOS
unit vector S.

The Tikhonov regularization matrix L multiplied by the regu-
larization parameter A is used for regularizing time series
(Tikhonov and Arsenin, 1977). The effect of regularization is
similar to applying a low-pass filter and it is recommended
when the acquisition times of ascending and descending da-
tasets do not match. The matrix A, as well as the regulariza-
tion matrices L of zeroth, first and second orders were explic-
itly derived in (Samsonov, 2010; Samsonov and d‘Oreye,
2017). As in the previous case, the unknown east and vertical
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components of deformation velocities VE and VV for each ac-
quisition epoch and pixel are solved by applying SVD and the
2D surface deformation time series are reconstructed from
computed deformation velocities by the numerical integra-
tion.

MSBAS-3D

In certain cases, the contribution of the north-south compo-
nent of displacement is too large to be neglected (SN < SE,
V, VN = VE, and VN > VV). By assuming that the motion
occurs parallel to the surface, we can however reduce the
degrees of freedom from three to two, allowing resolving all
three components of motion from (at least) one ascending
and one descending DInSAR datasets. This assumption is for
instance suited for characterizing gravity-driven processes
such as landslides and glacier flows. The constraint can be
written in terms of deformation velocities in the following
form

r 8H 17 H

Vo =22V + 2V @
where H is the topographic height and are first derivatives in
the north XN and east XE directions. The and values can be
computed from DEM using, for example, the Generic Mapping
Tools (GMT) grdmath -M DDY/DDX command. Prior low-pass
filtering of DEM (e.g. using GMT grdfilter command) is rec-
ommended for reducing sensitivity to surface features that
do not affect the ground motion originated at some (shallow)
depth. It is likely that sliding surface at depth is smoother
than DEM. The magnitude of a low-pass filter needs to be
sufficiently strong so the resulting surface has a slope equal
to an overall slope of the form that host the landslide.

The MSBAS-3D technique that computes constrained 3D sur-
face deformation time series can be written in matrix form as

AN fwwy [ Vi CAN\T /3
H || Ve |= ol ve|=| H 0|, diky=dipy+Vigy At
ML) \ Wy, W AL 0 (5)

where the matrix consists of the matrix A (described above)
multiplied by the north, east and vertical components of the
LOS unit vector S. The matrix represents the motion parallel
to the surface constraint. The unknown north, east and ver-
tical components of deformation velocities Vn, Ve and Vv for
each acquisition epoch and pixel are solved by applying SVD
and the surface deformation time series are reconstructed
from the computed deformation velocities by the numerical
integration.

o o B

For some combinations of acquisition parameters and topo-
graphic gradients, (5) may become ill-conditioned, which can
be assessed by computing condition humber for all possible
topographic gradients for given acquisition parameters.

Computational aspects

Matrices in Egs. (1), (3), (5) typically have hundreds of col-
umns and thousands of rows, corresponding to the total num-
ber of SAR images and DInSAR interferograms, respectively.
Computation of the Singular Value Decomposition (SVD) of
such large matrices is intensive. In case of the 1D analysis,
viewing geometry S is irrelevant so SVD computation is per-
formed only once. In case of the 2D analysis, constant view-
ing geometry S is assumed. This allows performing SVD com-
putation only once, which results in a slight reduction of pre-
cision. In case of the 3D deformation analysis, SVD inversion
is performed for each coherent pixel in order to account for
the spatially varying constraint so varying viewing geometry
is implemented as well. The typical processing time of
MSBAS-1D and MSBAS-2D is only a few tens of minutes,
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while the typical processing time of MSBAS-3D can reach sev-
eral hours (for a typical grid of a few thousand pixels in each
dimension) due to the large number of SVD computations re-
quired.

Unlike other advanced methods such as StaMPS (Hooper,
2008), MSBAS processing is incremental. The addition of new
SAR images requires computing of only the few interfero-
grams satisfying user-defined baseline criteria before execut-
ing MSBAS processing.

Test case and data

The ability to unravel surface deformation pattern using the
different level of processing of the MSBAS method is illus-
trated on a large landslide, for which long DInSAR and dGNSS
time series, as well as ground truth data, are available (No-
bile et al., 2018).

Funu landslide

Funu landslide (2°31’S, 28°50’E, Fig. 1) is located in the
densely populated City of Bukavu, situated in the Kivu Rift
(western branch of the East African Rift System) in eastern
Democratic Republic of the Congo. This region is character-
ised by a high susceptibility to landslides due to a combina-
tion of natural predisposing and triggering factors (e.g., high
rainfall intensities, moderate to high seismicity, deep weath-
ering and steep landscapes) (Jacobs et al., 2016; Monsieurs
etal., 2018; Depicker et al., 2019; Dille et al., 2019). Located
in the tropics, the region is affected by persistent cloud cover
over most of the year, making DInSAR a key remote sensing
tool for the study of landslides in this area (Nobile et al.,
2018).
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Fig. 1. Funu landslide is located in the city of Bukavu, east-
ern DR Congo. It lies within the South Kivu Volcanic Prov-
ince that is formed of sequences of late Miocene to Pleisto-
cene sub-horizontal basaltic lava layers. Outlined in white is
shown the area processed with MSBAS. The footprints of
the ascending and descending COSMO-SkyMed SAR images
used in this study are outlined in black.

This 1.5 km2 slow-moving slope instability was formed thou-
sands of years ago (Moeyersons et al., 2004). The depth of
this bedrock landslide can be estimated to be of at least 100
m, i.e. the average height of its main scarp (Dewitte and
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Demoulin, 2005; Larsen et al., 2010). The landslide devel-
oped in sequences of late Miocene to Pleistocene sub-hori-
zontal basaltic lava layers (Fig. 2b) that make up the South
Kivu Volcanic Province (Fig. 1). An accurate delineation of the
layers does not exist. However, the presence of springs at
different elevations shows that their permeability varies, at-
testing to perched water tables. Weathering of some layers
can be very intense with a regolith thickness that can be more
than 10 m (Fig. 2c). The distribution of the weathering is
highly uneven, sometimes having important changes over
short distances of a few tens of meters (Moeyersons et al.,
2004). The landslide is currently prone to surface defor-
mation as attested to by continuous damage to infrastructure
and buildings (Moeyersons et al., 2004; Balegamire et al.,
2017). This landslide is also densely populated, with approx-
imately 80 thousand people living directly on it (Michellier et
al., 2016).

Nobile et al. (2018) provided a first analysis of the Funu land-
slides kinematics and mechanisms by combining one year of
DINnSAR measurements from 70 Cosmo-SkyMed SAR images
acquired between 21 March 2015 and 19 April 2016, pro-
cessed using the StaMPS SBAS approach (Lanari et al., 2007;
Hooper, 2008) and on-site dGNSS measurements. They
measured deformation of up to 70 mm/yr in the ascending
and descending LOS directions. These measurements were in
good agreement with dGNSS, except for one zone of the
landslide that corresponds to a recent, smaller subsequent
landslide. There, dGNSS measurements showed deformation
an order of magnitude larger than DInSAR (up to 500 mm/yr
while converted to LOS). The limit in the maximum detecta-
ble deformation resolvable by the X-band DInSAR was
reached (Nobile et al., 2018). The study by Nobile et al.
(2018) confirmed that the Funu landslide is mostly driven by
a rotational mechanism with a prominent main scarp and a
characteristic back-tilted bench. Several minor scarps, prob-
ably linked to secondary shear surfaces, are present in the
zone of depletion and delimit individual blocks. From rota-
tional in the depletion zone, the main movement develops a
more planar behaviour with flow-like features in its runout
and accumulation zones (as suggested from its morphome-
try). They concluded that the dense urban fabric, the rela-
tively low velocity of the ground deformation, and the general
eastward topography with the average slope of about 6.5 de-
grees (vs 45 degree SAR incidence angle) that avoids shad-
owing and foreshortening effects make the Funu landslide a
particularly interesting site for DINSAR analysis.

COSMO-SkyMed images

We used 176 ascending and 166 descending COSMO-SkyMed
images that were acquired between 24 March 2015 and 3
January 2019 (Table 1). Ascending images were acquired
with the incidence angle of 41 degrees, range pixel spacing
of 1.3 m and azimuth pixel spacing of 2.3 m. Descending im-
ages were acquired with the incidence angle of 50 degrees,
range pixel spacing of 1.7 m and azimuth pixel spacing of 2.1
m.

Each COSMO-SkyMed set was processed independently with
the GAMMA software (Wegmuller and Werner, 1997). As-
cending image acquired on 5 February 2017 and descending
image acquired on 5 May 2017 were selected as masters for
respective sets and remaining images were re-sampled into
the master geometry. Multilooking factor of 2 in range and
azimuth were used, as well as a maximal perpendicular base-
lines of 600 m (Fig. 3). The topographic phase was removed
using the 1 arc-second (~30 m) resolution Shuttle Radar To-
pography Mission Digital Elevation Model (SRTM DEM, Fig. 1).
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DInSAR data set (2} ¢ Temporal coverage N M
COSMO-SkyMed (35 c} =12 41 20,150,324-20,190,103 176 963
COSMO-SkyMed (dsc) =168 50 20,150,324-20,190,103 166 924

Total 20,150,324-20,19C,102 342 1887

Table 1. COSMO-SkyMed SAR data used in this study, 8 is
azimuth angle and ¢ is incidence angle, N is number of SLC
images and M is number of DINSAR interferograms com-
puted for each data set. 2D and 3D time series span 24
March 2015-3 January 2019 interval when both ascending
and descending data are available.

Differential interferograms were filtered using the adaptive
filter with a filtering function based on local fringe spectrum
(Goldstein and Werner, 1998) and unwrapped using the min-
imum cost flow algorithm (Costantini, 1998). The residual or-
bital ramp was corrected by applying baseline refinement al-
gorithm implemented in the GAMMA software that utilizes un-
wrapped phase and topographic height at selected coherent
pixels to solve for a refined baseline. Minor interpolation of
each interferogram was performed in order to improve the
spatial coverage reduced by decorrelation. Then, ascending

el
= and descending interferograms were geocoded and
L2 resampled using the Geospatial Data Abstraction Library
= (GDAL) program to a common lat/lon grid with a uniform
= spatial sampling of 5 m.
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Fig. 2. Drone photographs of Funu landslide acquired in 2
September 2018. a) General view of the landslide, with its 3
extent outlined in yellow and green arrows indicating princi- § al -
pal direction of movement. The fastest moving region, E
where discrepancies between DINSAR and dGNSS are ob- o
served, is outlined in red. Note constraints from topography E. .500 J
and apparent divergent motion at landslides bottom. The &
total landslide height is about 400 m while the height of the i / =
main scarp is up to 100 m. b) Sequences of late Miocene to -1000 - \ E -

Pleistocene sub-horizontal basaltic lava layers apparent over : ! A - : ! ' !
the main scarp. c) Gullies delineating the toe of the fastest diEE R0l SOMeEc R TS A 200NAT 2019
landslide unit. Their presence highlights the deep weather- Date, year
ing of some basaltic layers, with a regolith thickness that
can easily exceed 10 m. (For interpretation of the refer-

ences to colour in this figure legend, the reader is referred . ) .
to the web version of this article.) Fig. 3. Spatial and temporal baselines of COSMO-SkyMed

ascending and descending interferograms used in this
study. Brown points mark ascending and descending master
images.
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Geocoded to a common grid, ascending and descending in-
terferograms with an average coherence after filtering above
0.5 were processed with the MSBAS techniques to produce
deformation time series and annual linear deformation rates
over Funu landslide and its close surroundings.

dGNSS measurements

The DInSAR-derived deformation rates are validated through
a comparison with the dGNSS measurements acquired by re-
peated measurement campaigns. The dGNSS measurements
were captured in a static acquisition mode with Leica GX1230
dual-frequency receivers and post-processed with Leica Ge-
osystems post-processing software. The dGNSS measure-
ments were acquired over already in place benchmarks that
are solid concrete structures, such as a water fountains, con-
crete sewers or street curbs. Measurement duration (5 min)
at roving sites was constrained by the safety of operators and
equipment in this area, although position accuracy would
have benefited from longer sessions. The accuracy achieved
for the dGNSS locations was estimated as 7.5 mm for the
horizontal and 16.5 mm for the vertical components. These
uncertainties refer to the internal precision of the measure-
ment, field conditions, and data post-processing. It was also
assumed that all benchmarks and the reference station move
at the same rift opening rate of about 2 mm/year (Delvaux
et al., 2017).

(b) First derivative along east direction

Fig. 4. Central first derivatives of 1 arc-second (~30 m) res-
olution SRTM DEM in north direction (a) and in east direc-
tion (b) used in the computation of the three-dimensional

deformation with MSBAS-3D.
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DEM derivatives

The and values (Fig. 4) were computed from SRTM DEM using
the Generic Mapping Tools (GMT) grdmath -M DDY/DDX com-
mand. Prior low-pass filtering of DEM was applied using GMT
grdfilter command to computed average values in 65 m win-
dow and therefore removing surface features that are not ex-
pected to affect the ground motion at depth.

Results

Fig. 5, Fig. 6, Fig. 7 show annual linear deformation rates for
the city of Bukavu computed with the 1D, 2D, and 3D MSBAS

techniques. For all methods, the deformation signal of the
large Funu landslide clearly stands out.
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Fig. 5. Maps of linear deformation rate in the radar line-of-
sight (LOS) geometry computed using MSBAS-1D from
COSMO-SkyMed ascending (a) and descending (b) SAR

data. Displacements along LOS direction have to be inter-

preted as a one-dimensional component of the full 3-D dis-
placement vector. Red colour represents motion towards
satellite and blue colour represents motion away from satel-
lite. 100 m elevation contour lines are plotted in brown. R is
reference region. Streets are plotted in gray (downloaded
from http://overpass-turbo.eu/). Average SAR backscatter
intensity is exposed in decorrelated areas.
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Fig. 6. East (a) and vertical (b) components of linear defor-
mation rate computed using MSBAS-2D from combined
COSMO-SkyMed ascending and descending SAR datasets.
100 m elevation contour lines are plotted in brown. R is ref-
erence region. Subsiding area that does not deform accord-
ing to (4) is outlined in red. Streets are plotted in gray
(downloaded from http://overpass-turbo.eu/). Average SAR
backscatter intensity is exposed in decorrelated areas.

The 1D ascending and descending linear deformation rates
computed with (1) show distance to satellite (line-of-sight)
displacements. Absolute maximal rates of displacement are
similar (0.05 m/year) between ascending (Fig. 5(a)) and de-
scending (Fig. 5(b)) datasets, but the extent of the defor-
mation measured over the Funu landslide in the descending
map is significantly lesser than in the ascending map.

The 2D east and vertical linear deformation rates computed
with (3) show eastward motion with a maximum magnitude
of 0.05 m/year (Fig. 6(a)) and downward motion with a mag-
nitude up to 0.02 m/year (Fig. 6(b)). Only the signal of the
landslide is shown in the eastward component deformation
map, while the vertical displacement map highlights also
other deforming regions within the city.

The 3D north, east and vertical linear deformation rates com-
puted with (5) are shown in Fig. 7. The north deformation
rate map (Fig. 7(a)) highlights areas with both northern and
southern motion with a maximum rate of 0.02 m/year over
different places within the city. The east map (Fig. 7(b))
shows eastward deformation with a maximum rate of 0.05
m/year that is nearly identical to the 2D case (Fig. 6(a)) and
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Fig. 7. North (a), east (b), and vertical (c) components of
linear deformation rate computed using MSBAS-3D from
combined COSMO-SkyMed ascending and descending SAR
datasets. 100 m elevation contour lines are plotted in
brown. R is reference region. Subsiding area that does not
deform according to (4) is outlined in red. Streets are plot-
ted in gray (downloaded from http://overpass-turbo.eu/).
Average SAR backscatter intensity is exposed in decorre-
lated areas. Points F14, F15, F17, F18, F20 mark location of
campaign GNSS sites. For points P1-P6 that approximately
correspond to regions of fastest motion time series are pro-
vided in Fig. 9.
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is dominated by the signal of the large Funu landslide. The
vertical map (Fig. 7(c)) highlights only downward motion with
a maximum rate of 0.02 m/year. Similarly as with the 2D
case (Fig. 6(a)), signals of other deforming regions are cap-
tured within the city. The overall scale of the deformation
measured with the 3D case is however of lower magnitude.

Annual horizontal displacements measured with MSBAS-3D
method are plotted as vectors in Fig. 8, along with the dGNSS
deformation vectors. It clearly highlights an advancing land-
slide lobal front, as well effect of lateral constraints from the
surrounding non-moving topography. The directions of
movement measured by dGNSS and DInSAR are in general
in good agreement at F14, F15, F17, F18 and F20 dGNSS
sites, for which the coefficient of determination R2 is greater
than 0.75 for north and east deformation components.
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Fig. 8. Horizontal deformation rate vectors computed from
COSMO-SkyMed ascending and descending DINSAR data
with MSBAS-3D technique are in green. Horizontal defor-
mation vectors with 20 (i.e 95%) confidence interval elipses
computed from campaign GNSS data for selected sites F14,
F15, F17, F18, F20 are in blue. Funu landslide outline is in
red. 100 m elevation contour lines are in white. Background
is SAR intensity.

The 3D surface deformation time series for points P1-P6
(marked in Fig. 7) that approximately correspond to regions
of fastest motion within the landslide are shown in Fig. 9.
Standard deviation, computed in 5x5 pixels (~25x25 m)
window, measures deviation from a mean value rather than
precision of the measurement technique because defor-
mation signal and measurement noise cannot be separated.
Standard deviation over a larger 33x33 pixels (~165x165
m) window at a region that does not experience observable
ground deformation allows measuring precision of this meas-
urement technique. The estimated precision is better than
2.8, 1.4, and 0.5 mm for north, east and vertical components
respectively.

Deformation produced by the Funu landslide clearly stands
out in all deformation maps. Discrimination between vertical
and horizontal movements provided by MSBAS-2D and
MSBAS-3D (Fig. 6, Fig. 7) show that, overall, Funu landslide
movement is mostly horizontal (to the east). Half-moon de-
formation patterns highlight rotational movements at the
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head of the landslide that could not be directly observed from
the LOS measures obtained with MSBAS-1D (Fig. 5).

Fig. 5, Fig. 6, Fig. 7 also highlight other ground deformation
processes outside of the Funu landslide. At point P2 is ob-
served the deformation associated with another old, deep-
seated landslide, as already stressed in Nobile et al., 2018.
Deformation observed at the northern limit of the city is prob-
ably associated to subsidence of recently urbanized river
delta deposits. As similar origin is inferred for documented
subsidence over the flat valley bottom east of the study area
(red insert). These patterns of deformation were also ob-
served in the field (Kalikone Buzera et al., 2017). Even
though the purpose of our research was not to focus on those
areas, this further confirms the reliability of the DINSAR pro-
cessing.

Discussion and conclusions

Working on ascending and descending interferograms com-
puted prior to the MSBAS analysis and geocoded to a com-
mon grid, the MSBAS method computed 1D, 2D, and con-
strained to the parallel surface flow 3D surface deformation
time series. From those time series, MSBAS computed map
of linear deformation rates for a large, slow-moving, deep-
seated landslide in the city of Bukavu. The advantages and
disadvantages of each MSBAS and similar methods are sum-
marized in Table 2.

Resolved Assumptions and disadvantages
deformation
components
MSBAS-1D Exact 1D (line- Individual contributions of north, east and vertical deformation
of-sight) components cannot be determined
MSBAS-2D Approximate  Negligible north component

2D (east and

vertical)

MSBAS-3D Exact 3D Motion parallel to the surface

De Michele et al. Exact 3D Requires combination of high (DInSAR) and low (speckle tracking

(2010} Gourmelen and MAI) precision measurements; can be used for mapping only

et al. (2011) large deformation
Pepe et al. (2016) Approximate  Minimum acceleration constraint
3D
Hu et al. (2018) Exact 3D Negligible cross-slope component; Motion is allowed in vertical

plane in direction of slope aspect

Table 2. Comparison of methods for resolving deformation
components from DINSAR and other SAR-derived data.

The LOS measures of deformation obtained with the MSBAS-
1D method (Fig. 5) are consistent with the multi-temporal
DINnSAR SBAS results obtained over a one-year period by No-
bile et al., 2018. Overall, the MSBAS results are in agreement
with dGNSS measurements with the exception of one zone of
the landslide that corresponds to a recent subsequent land-
slide within the large landslide (Fig. 2b); here, dGNSS meas-
urements show deformation of up to 500 mm/yr (Nobile et
al., 2018). These high deformation rates as well as the sharp
velocity contrast with the zone directly surrounding it (with a
deformation rate nearly an order of magnitude lower), lead
to either a loss of coherence or an underestimation of the
deformation during the unwrapping of the interferograms.
Those are however associated with the intrinsic limitations of
DInSAR technique with respect to measure of rapid displace-
ments. Speckle offset analysis performed with the GAMMA
software on selected long-timespan pairs did not detect these
large deformation rates neither.
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Fig. 9. Three-dimensional time series of ground deformation for points P1-P6 (marked in Fig. 7) that approximately correspond to
regions of fastest motion. Standard deviation is computed in 5x5 pixels (~25%x25 m) window.

The benefits provided by decomposing the deformation com-
ponents were illustrated in Fig. 5, Fig. 6, Fig. 7, Fig. 8. Com-
pared to MSBAS-2D and 3D, the limitations associated to the
traditional 1D LOS analysis (Fig. 5) are clear. While difficult
to interpret and communicate to stakeholders unfamiliar with
the concept of 1D LOS viewing geometry (Fuhrmann and
Garthwaite, 2019), deformation measured on those maps
may also lead to misconception about the underlying pro-
cesses. For instance, individual north, east and vertical de-
formation components may cancel each other out when the
contribution of horizontal components is equal in magnitude
but opposite in sign to the contribution of the vertical com-
ponent. In extreme cases, deformation may appear entirely
absent in one (i.e. either ascending or descending) of LOS
deformation maps (e.g. Samsonov et al., 2013, Samsonov et
al., 2014). The 2D and 3D results (Fig. 6, Fig. 7, Fig. 8) are
much easier to interpret thanks to the direct discrimination
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between horizontal and vertical deformation components.
The information gathered about the north component pro-
vides additional, non-negligible keys for the understanding of
processes at work (see Fig. 8). The 3D solution highlights the
presence of an active, advancing landslide front, as well ef-
fect of lateral constraints from the surrounding non-moving
topography. If this behaviour was anticipated from morpho-
metric analysis of high resolution DEMs and the presence of
a large bulge at the landslide toe, this pattern of displace-
ment was completely missed by traditional DINSAR measures
(Nobile et al. 2018). With the increase of the understanding
of the mechanisms of the landslide (interaction with sur-
rounding topography, future evolution and interaction with
downslope stream, etc.), such knowledge also bring infor-
mation on environmental controls, temporally and spatially-
variable external forcing conditions and characteristics of fu-
ture deformation patterns.
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In our example, while the magnitude of the horizontal defor-
mation remains similar between MSBAS-2D and MSBAS-3D,
the information about the north component provides clear in-
sights for the understanding of the landslide deformation pat-
tern. The decision of whether to use one or the other will
depend on the validity of the Surface Parallel Flow constraint
(4) and is case-specific. For many gravity-driven processes,
such as landslides and glacier flows, making such an assump-
tion of motion parallel to the surface is a valid approximation.
However, even when the assumption of motion parallel to the
surface is not strictly correct, the approximate 3D analysis
may still provide valuable clues for the understanding of the
processes at work that may otherwise go undetected. With
our example applied on the city of Bukavu, we also show
measure of displacement were expected movement clearly
not comply with the assumption of motion parallel to the sur-
face. Besides Funu landslide, the study area encompasses for
instance a flat valley bottom that corresponds to an old
marsh, recently urbanized and that is subjected to subsid-
ence (Nobile et al., 2018). There, MSBAS-3D incorrectly clas-
sifies ground movement as horizontal (Fig. 7(a)), while it is
perfectly well grasped with MSBAS-2D (Fig. 6(b)).

In comparison to the method used in Notti et al. (2014); Kalia
(2018); Hu et al., 2018, Hu et al., 2019 (Table 2), where the
LOS velocity is projected along the steepest downslope to ob-
tain estimates of the landslide motion, MSBAS-3D computes
a more general solution. It does not require the motion to
occur along the steepest downslope, but only parallel to the
surface; which allows to capture lateral motion. The draw-
back of MSBAS-3D approach is that slope-normal displace-
ments are not allowed. The slope-normal displacements can
be produced by mass depletion/accumulation, hydrological
loading/unloading, and soil swell/shrink. The magnitude of
slope-normal displacements of slow-moving landslides, how-
ever, is usually smaller than the magnitude of parallel to the
surface displacements. In case of large slope-normal dis-
placements, the Hu et al. (2018) methodology may provide
more accurate results.

Other methods commonly used to measure azimuthal defor-
mation have other drawbacks (Table 2). Speckle tracking
(e.g. Wright et al., 2004; De Michele et al., 2010; Raucoules
et al., 2013; Shi et al., 2018) or Multiple Aperture Interfer-
ometry (MAI) (e.g. Gourmelen et al., 2011) approaches are
for instance best suited for measuring meter-scale defor-
mation (Fuhrmann and Garthwaite, 2019). When the meas-
ured deformation is of lower magnitude (e.g., millimetre- to
decimetre-scale displacement associated to slow moving
landslides (Hungr et al., 2014), the north-south displacement
component accuracy provided is much lower to what can be
reached with conventional DInSAR. Also, the competing tech-
niques presented in the introduction commonly work on indi-
vidual (or a series of disconnected) interferograms to derive
the 3D deformation. By potentially missing controls of tem-
porally and spatially-variable external forcing on the process
kinematic, they are more adapted to the study of sudden de-
formation events such as earthquakes or volcanic eruptions
(Hu et al., 2014). Here lie the strengths of the MSBAS
method: producing 3D deformation time series with the ac-
curacy of conventional DINSAR and the spatio-temporal res-
olution of modern SAR sensors, it can provide unrivalled in-
sights for studying both long and short-term kinematics of
surface processes. Those benefits associated to the 3D de-
composition of surface deformation were demonstrated here
on a large slow-moving landslide, but this method can be ap-
plied to studying many other gravity-driven processes pro-
ducing motion parallel to the surface.

(Engineering geology, November 5, 2020, https://geolo-
gyengineering.com/2020/11/satellite-interferometry-for-
mapping-surface-deformation-time-series-in-one-two-and-

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020

three-dimensions-a-new-method-illustrated-on-a-slow-mov-
ing-landslide)
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Deep learning based classification of rock struc-
ture of tunnel face

Jiayao Chen, Tongjun Yang, Dongming Zhang,
Hongwei Huang, Yu Tian

Introduction

Structural health monitoring (SHM) and intelligent damage
image recognition technology during the construction period
have been the subject of intense research in rock tunnel en-
gineering (Gao and Mosalam, 2018). In this regard, the com-
plex and variable nature of geological structures, difficulty in
prediction, and frequency of the construction process in the
tunnel face have made the research problem very prominent.
Moreover, if rock mass structure is not accurately predicted,
the tunnel face encounters collapse problems and construc-
tion obstacles, which will undoubtedly present serious chal-
lenges to the tunnel construction, operation, and mainte-
nance.

In recent years, with the rapid development of artificial intel-
ligence (AI) and machine learning (ML) technologies
(Krizhevsky et al., 2012), especially in the application of in-
depth learning in the computer vision, rock structure infor-
mation of tunnel face based on the image recognition has
received the attention of scholars and builders in the con-
struction and maintenance process (Huang et al., 2018). So
far, several researchers have used the classical field research
methods (Aksoy et al., 2012, Zhang and Goh, 2012, Rehman
et al., 2019), mechanics deduction (Goh and Zhang, 2012,
Song et al., 2018, Li et al., 2019, Su et al., 2019), and nu-
merical simulation (Manouchehrian and Cai, 2018, Schreter

et al., 2018, Xiang et al., 2018, Lee et al., 2019) to identify
the mechanism of different rock mass structures. Starting
from the exploration of structural mechanisms, many internal
characteristics of the project could be solved and the project
risk is greatly reduced. However, most of the studies have
been carried out for the specific rock structure ignoring the
macroscopic judgment and analysis of the whole rock struc-
ture. Hence, the automatic recognition of rock image cannot
be realized. In accordance with the National Standard for En-
gineering Classification of Rock Mass (GB50218-2014), five
rock structure categories were defined based on the descrip-
tion of the form and feature of discontinuities in Table 1, in-
cluding Mosaic Structure (MS), Granular Structure (GS), Lay-
ered Structure (LS), Block Structure (BS), and Fragmentation
Structure (FS). In the study of rock features of the whole
category, due to the limited sample size, researchers (Fekete
and Diederichs, 2013, Chen et al., 2016, Pittam et al., 2016,
Riquelme et al., 2016, Sarro et al., 2018; Zhang et al., 2020)
mainly have concentrated on traditional rock feature extrac-
tion methods. For instance, Chen et al. (2016) proposed a
photogrammetry method for extracting the discontinuity ori-
entation automatically from the rock mass surface 3D point
cloud based on the K-means clustering and the random sam-
ple consistency. Fekete et al. (2013) presented a workflow
from data collection and analysis to design outputs for inte-
grating the Lidar-derived point-cloud data into the rock mass
stability modeling. Riquelme et al. (2016) proposed the low-
cost remote sensing and manual collection techniques to
gather all the accessible discontinuities of a slope. These re-
sults provided valuable ideas for the structural stability anal-
ysis of rock tunnel

Feature Block Layered Mosaic Fragmentation Granular Define

descriptinn structure  structure structure structure structure Ppriority

Discontinuaty Block Layered Rock bleck Rock Cuftings and  1st

form mosalcs fragmentation mud

Integrity degree Integrity  Middle General General fracture  Fracturs 3rd
integrity integrity

Discontinuity =30 =10 10-30 =30 - 2nd

. v Y
Spacng | c1mn)
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Table 1. Definition of rock structure based on the National Standard for Engineering Classification of Rock Mass

Nevertheless, compared with the state-of-the-art deep learn-
ing techniques, the traditional machine learning methods
have lower efficiency and accuracy for the feature extraction.
As an important sector of deep learning in the computer vi-
sion applications, the convolutional neural networks (CNNs)
have been widely used in the field of infrastructure health
monitoring in civil engineering; e.g., identifying concrete
cracks (Cha et al., 2018, Chaiyasarn et al., 2018, Dorafshan
et al., 2018, Bang et al., 2019), detection of damaged build-
ings (Cha and Buyukozturk, 2015, Gao and Mosalam, 2018),
monitoring of damaged walls (Beckman et al., 2019), and
detection of corroded pipes (Cheng and Wang, 2018, Kumar
et al., 2018). These methods not only have high accuracy
and efficiency but also have been widely used because of the
simple scenes and convenient image acquisition. However,
due to the lack of lighting conditions, complex construction
procedures, and poor photography environment, it is difficult
to obtain image samples in the areas close to the rock tunnel
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face. In addition, deep learning is dependent on huge training
samples (Gu et al., 2018) and there is scarce research on the
tunnel face image at present.

In this paper, an adaptive digital photography system (ADPS)
is utilized to acquire an image database of the tunnel working
face in batches using the on-site lighting system during the
construction process. Based on the statistics obtained from
the Mengzi-Pingbian Highway Tunnel (MPHT) in Yunnan Prov-
ince, China, five rock structure categories (i.e., MS, GS, LS,
BS, and FS) were labelled based on the National Standard in
China (GB50218-2014). In addition, by combining Inception
and ResNet, a comprehensive CNN, namely Inception-Res-
Net-V2 (IRV2), was proposed to classify the dataset. The
recognition accuracy, precision, F-score, and execution time
of the proposed method were then analyzed compared with
other deep learning methods such as ResNet-50 (Szegedy et
al., 2015), ResNet-101 (He et al., 2016), and Inception-v4
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(Szegedy et al., 2017). Finally, the application of deep learn-
ing framework in the face image recognition of rock tunnel
was systematically evaluated.

Data collection

Image acquisition of rock tunnel face

The ADPS used in the image acquisition consists of a Canon
750D camera, tapeline, tripod, measuring equipment (laser

I' paTe
vt [ H Trecnniod [l b i
Truaccc [ L 1
? i : i

rangefinder, thermo hygrometer, and illuminometer), and
light source (two LED dropout lamps with 1000 W adjustable
power). As shown in Fig. 1, ADPS was manually used to rec-
ord the temperature, humidity, illumination information, and
the distance between the shooting point and the surface of
each tunnel face in Mengzi-Pingbian Highway Tunnel (MPHT)
in Yunnan, China. In the photography process, it is ensured
that the illumination is uniform and parallel, the distance be-
tween the two lights is within 1.5-2 m, and the camera is
horizontally placed on the tripod.

B sy 1 Furminsation| -
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&

THumination meter
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Fig. 1. The ADPS including (a) global schematic, (b) main tunnel face measuring equipment (i.e., laser ranging, thermo hygrom-
eter, and illuminometer), and (c) in-site tunnel face image acquisition screen.

To determine the most suitable image acquisition time, six
main construction processes are present and compared in
Fig. 2, mainly including: (1) drilling with pneumatic leg rock-
drilling trolley, (2) pre-blasting preparation (a detonator is
used to connect multiple detonators, in which the red quad-
rilateral represents the connection), (3) tunnel ventilation
(ventilation and risk elimination of working face by draught
fans and ventilation pipes), (4) slag extraction from working
face (removing blasting residues with excavation and trans-
portation equipment), (5) building the first lining trolley, and
(6) the best time for tunnel face image acquisition (after the
first lining trolley was built, the safety of personnel was en-
sured and the shooting time was guaranteed). It is concluded
that the best time for the face image acquisition is when the
first liner trolley is built, which not only protects the safety of
personnel but also ensures the shooting time. Furthermore,
the face images in different construction processes are taken
under different lighting conditions at a distance of 1.0-1.5 m
from the camera to enrich the compiled dataset. As a result,
more than 3000 images were captured from 150 tunnel faces
occupying 20 GB of storage space.

Data preprocessing

In this study, 42,400 geological structure images randomly
cut from 3000 raw images from various tunnel faces were
tagged by 5 labels including MS, GS, LS, BS, and FS struc-
tures. In order to promote the image processing efficiency,
the rock face images were cropped from the original sizes of
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3968 x 2240 pixels into smaller images of 396 x 448 pixels,
meaning that each original image is divided into 50 sub-im-
ages (10 x 5). The number of images in each label is listed
in Table 2. The samples of the dataset are shown in Fig. 3. It
can be seen that due to the complex geological conditions in
Yunnan Province, China, the tunnel face textures affected by
the faults, rock interlayers, and rock category, are hard to
distinguish with a relative high accuracy and inefficiency by
the traditional feature extraction methods (i.g., edge detec-
tion, threshold segmentation). In addition, the texture differ-
ences of rock structures with different labels decrease with
the increase of database diversity. Therefore, the fast cap-
ture of key texture features is a significant challenge for the
big data-based rock classification. Meanwhile, deep learning
model have been characterized by the acquisition capacity of
deep-features for the classification task, it is thus urgent to
use deep learning model for pre-training.

Proposed method
Basic CNN model

The architecture of CNNs consists of several unique layers,
including the convolutional, activation, pooling, dropout, and
Softmax layers with different functions. Each of these layers
is briefly explained below (Krizhevsky et al., 2012, Huang et
al., 2017). Meanwhile, the framework of IRV2 is present in
Fig. 4.
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Fig. 3. Samples from different types of geological rock structures: (a) MS; (b) GS, (c) LS, (d) BS, and (e) FS.
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Ne. Rock structure type Number of images
1 Mosaic Structure (MS) 7956
2 Granular Structure (GS) 0177
3 Layered Structure (LS) 7585
4 Block Structure (BS) 7962
5 Fragmentation Structure (FS] 9420
Total number 42 400

Table 2. The number of images per rock structure type.
Convolutional layer

Convolutional layers are widely used as the feature genera-
tors. Each convolution kernel of CNNs slides across the input

matrix with a definite stride. The element-by-element multi-
plications are conducted between the input RGB matrix and
the kernel at each sliding position, and all the multiplication
values are added together to form the output plus a bias. The
output size is determined by the convolutional kernel and the
stride size. The weights and biases of convolution kernels are
the unknown parameters waiting for the optimization.

Activation layer

The role of the activation layer is to increase the nonlinearity
of the convolution output. According to statistics, the Recti-
fied-Linear-Unit (ReLU) as an activation function outperforms
the traditional sigmoid function in terms of calculating the
reasonable gradient. The nonlinear ReLU activation function
avoids the gradient dispersion (gradient explosion) caused by
too large gradient and the disappearance of gradient caused
by too small gradient, while maintaining a relatively fast cal-
culation speed. Therefore, it is widely used in the CNNs. In
the Inception-ResNet-V2 algorithm shown in Fig. 4, RelLU
function is implemented in all activation layers.
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Fig. 4. Samples of rock structure type including (a-e) output samples of rock structure type, (f) input images, and (g) deep
learning frame (IRV-2).
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(i.e., the max pooling and the average pooling), whose val-
ues are calculated by the max or mean operators, respec-
tively. As shown in Fig. 5, both of these two pooling layers
are adopted in Inception-ResNet-V2 to keep the framework
invariant to distortion, transformation, and translation.

Pooling layer

The pooling layer generates the output through a sliding win-
dow similar to the convolutional layer and reduces the dimen-
sion of the feature map, number of parameters, and spatial
size of the upper layer. There are two common pooling layers
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Fig. 5. The main core framework of Inception-ResNet-V2 including (a) Inception-ResNet-A, (b) Inception-ResNet-B, (c) Incep-
tion-ResNet-C, (d) Reduction-A, and (e) Reduction-B.

Dropout layer

Due to the large number of parameters in the CNNs, over-
fitting problems may occur in these networks through the
dropout process. Dropout is a random disconnecting tech-
niqgue that can randomly isolate the connections between dif-
ferent nodes with a dropout probability of 1-p. The dropout
layer reduces the number of model parameters and increases
the robustness of the algorithm. The random inactivation
layer allows the model to avoid over-fitting occurrence and
improves the robustness of the network structure.

Softmax layer

The Softmax layer is basically a combination of multinomial
logistic losses, that is used in the multi-classification process
to normalize the classification vector of a certain weight. The
CNNs can transform the abstract matrix into the concrete
classification, namely the rock structure of tunnel face (i.e.,
MS, GS, LS, BS, and FS structures in this paper).

Inception-ResNet-V2

Inception-ResNet-V2 (IRV2) (Szegedy et al., 2015, Szegedy
et al., 2017, He et al., 2016) proposed first by Google com-
pany in 2018 (shown in Fig. 4) is employed as a state-of-the-
art model to classify the rock structure images. It is mainly a
combination of GoogLeNet (Inception) (Szegedy et al., 2015)
and ResNet (He et al., 2016). The algorithm consists of 10
parts, each with its own role orientation and function. Incep-
tion is a typical network with a parallel layer structure that
was first applied in GoogleNet. It includes parallel connec-
tions of filters with different sizesof 1 x 1,3 x 3, and 5 x 5.
The smaller size causes the convolution kernel to extract the
image features more efficiently and greatly reduces the
model parameters. Among them, the large-scale convolution
kernel will increase the parameters of the model matrix, thus
multiple small-scale convolution kernels will be replaced in
parallel to reduce the function parameters in the case of the
same receptive field. As a result, the model becomes wider
and more accurate than the previous network with Inception.
Presently, Inception vl-v4 (Szegedy et al., 2017) is the typ-
ical framework of GoogleNet. However, the residual learning-
based ResNet is the winner of ILSVRC 2015, which can go
deeper into 152 layers (Szegedy et al., 2015). The main idea
of ResNet is to add a direct link to the framework, which is
referred to as the idea of Highway Network. The previous
network structure is a nonlinear transformation of perfor-
mance input, while Highway Network allows a certain propor-
tion of the output of the previous network layer to be re-
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tained. It allows the original input information to be trans-
mitted directly to the next layer. Meanwhile, ResNet can pro-
tect the integrity of information by directly transmitting the
input information to the output. The whole network only
needs to learn the difference between input and output,
which simplifies the learning objectives and difficulties. Res-
Net-50, ResNet-101, and ResNet-152 are the typical frame-
works of ResNet.

In the Residual-Inception network (Fig. 5), the Inception
module was used because it involves less computational
complexity than the original Inception module. Fig. 5a-c rep-
resents the layers of Inception-ResNet, i.e., Inception-Res-
Net-A, Inception-ResNet-B, and Inception-ResNet-C. The
number of layers in the total framework for each module is
5, 10 and 5, respectively. Fig. 5d and e demonstrates the
Reduction Layer of IRV2, i.e., Reduction-A and Reduction-B.
Each Inception block is connected to a filter layer (1 x 1 con-
volution without activation function) for the dimension trans-
formation to achieve the input matching. This system com-
pensates for the dimensionality reduction in the Inception
block. According to a previous research (Szegedy et al.,
2017), Inception-ResNet-V2 (IRV2) developed from Incep-
tion-ResNet-V1 (IRV1) matches the raw cost of Inception-v4
network. In this regard, one small technical difference be-
tween residual and non-residual Inception, in case of Incep-
tion-ResNet, is that only the batch normalization (BN) is used
at the top of traditional layers. Since the experiments (Sze-
gedy et al., 2017) showed that using a larger activation size
may consume more GPU memory, more Inception modules
can be added by omitting the BN layer after the activation. It
also makes the model more efficient and concise. Moreover,
if the number of filters exceeds 1000, the residual network
will be unstable, and an early “death” issue will appear in the
network training process. In other words, after tens of thou-
sands of training data, the layer before the average pooling
begins generating zeroes. This situation cannot be avoided
by reducing the learning rate and adding additional BN lay-
ers. Furthermore, to compare the results of our proposed
IRV2 model, ResNet-50, ResNet-101, and Inception-v4 mod-
els are implemented to classify the rock structure.

Evaluation metrics

Accuracy, precision, recall, and F-score are indispensable
metrics for classification tasks, which are frequently em-
ployed to evaluate the applicability and superiority of the
framework. As a simple dichotomy example, Table 3 displays
the definition of True Negative (TN), True Positive (TP), False
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Negative (FN), and False Positive (FP), from which the rela-
tionship between evaluation metrics and Judgment elements
are obtained in Egs. (1), (2), (3), (4).

Accuracy —% (2)
Precision = JPW (2)
Recall = % (3)
F._-., _ (e +1)Precision « Recall {4"

o (Precision+Recall)

where accuracy answers the following question: out of all the
images in the dataset, what fraction of images are correctly
judged as true? Precision answers the following question: out
of all the images that the classifier labelled as positive, what
fractions of images are correctly judged as positive (i.e., true
positives)? Recall answers the following question: out of all
positive images, what fractions of images are correctly
judged as positive? The F-score metric is a comprehensive
indicator by weighing the importance between recall and pre-
cision. The a value is set as 1 in this study, which reflects the
significance of recall and precision is the same.

True Value Prediction Value

Positive Negative
True True Positive :::TP:: True Negative ::1'}{::
False False Positive (FP) False Negative (FN)

Table 3. Definition of True Negative (TN), True Positive
(TP), False Negative (FN), and False Positive (FP

Experiment and results

The generated benchmark dataset was trained in Tensorflow
framework made by Google and implemented with Intel Core
i7-8700 processor, 32G RAM, Nvidia GTX 1080 Ti 11 GB GPU,
Windows 10 operating system.

According to the performance of different frame models (i.e.,
ResNet-50, ResNet-101, Inception-v4, Inception-ResNet-
V2), the experiment mainly includes the following aspects:
(1) training, validation, and test results of database; (2)
cross-validation, accuracy evaluation, and presentation of
testing images, and (3) evaluation of execution time.

Training, validation, and test results

In the CNN simulation, the database is randomly divided into
three parts of training, validation, and testing groups, each
with a certain proportion. The number of each rock structure
is shown in Table 4. In the table, proportion of training, vali-
dation, and testing images in each label is set to 60%, 25%,
and 15%, respectively. The training and validation processes
can be implemented in the same application code. Validation
does not participate in the training process but is used to
correct the weights and biases in the training process. Ac-
cordingly, the accuracy is improved and the probability of oc-
currence for overfitting and non-convergence is sharply re-
duced.

Total loss and accuracy are two commonly used indicators to
evaluate the convergence and fitting effect of training and
validation processes by using deep learning methods. Total
loss is a non-negative real value function used to estimate
the inconsistency between the predicted value and the real
value of the model. The smaller the loss function, the better
the robustness of the model. Fig. 6, Fig. 7 illustrate the
changes of total loss and accuracy by increasing the experi-
ment steps for the four different deep learning methods (i.e.,
ResNet-50, ResNet-101, Inception-v4, and Inception-Res-
Net-V2), respectively. It can be seen in Fig. 6, Fig. 7 that all
four algorithms converge in the training and validation pro-
cesses of the rock structure classification. Additionally, it can
be observed from Fig. 6a and b that the total loss order from
small to large is Inception-ResNet-V2, Inception-v4, ResNet-
101, and ResNet-50 in both training and validation sets. In
terms of accuracy ranking prediction (Fig. 7a and b), the re-
lationship between the prediction accuracy and the total loss
is exactly opposite to the last case. From small to large
losses, they are ranked as ResNet-50, ResNet-101, Incep-
tion-v4, and Inception-ResNet-V2 in both training and vali-
dation set. Meanwhile, the convergence value of total loss in
the training step is smaller than that in the validation process
while the prediction accuracy in the training is higher than
the validation. In summary, the IRV2 model outperforms the
other models in rock structure classification.

Rock structure Training and validation Testing
type
: Number of training Number of validation Number of testing

images images images

MS 4357 2247 1352

[ 4862 2873 1442

LS 4018 2170 1697

BS 4033 2387 1542

ES 5161 2803 1367

Total number 22,431 12,570 7400

Table 4. The proportion of training, validation, and testing sets.
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Fig. 6. Performance of four different deep learning methods
for total loss in different processes including (a) training and
(b) validation.

Cross-validation and accuracy evaluation of testing im-
ages

In this study, four evaluation metrics were selected to deter-
mine the performance of the model applied in the image iden-
tification process. According to the data distribution in Table
2, 7400 images (untrained data) were randomly selected
from the database for the classification testing. Additionally,
the comparisons between the four methods in terms of accu-
racy, precision, recall value, and F-score for testing dataset
are plotted in Fig. 8. It can be seen that all the evaluation
metrics of CNN models present a similar trend. The values of
the metrics from the highest to the lowest always follow the
same order: BS, LS, MS, FS, and GS. Since the texture fea-
tures and distinct appearance of the BS images, it makes the
DCNN methods corresponding more prominent in BS identi-
fication. Therefore, the proposed method can improve the
classification accuracy on the rock tunnel face image dataset.
The FS and GS images in the dataset do not have distinct
features compared with the other three water in flow catego-
ries. Therefore, the classification of FS and GS images sug-
gest relatively poor performance, as the evaluation metrics
of these two categories present rather low values.

To further explore the IRV2 classification algorithm, the con-
fusion matrix was used to evaluate the recognition results.
Confusion matrix is a standard format for classification eval-
uation, which is expressed in the matrix form of N rows and
N columns. Each column represents the forecast category,
and the total number of each column represents the number
of data classified as the category; each row represents the
real belonging category of data, and the total number of data
in each row represents the number of data instances of the
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for accuracy in different processes including (a) training and
(b) validation.

category. The calculation of a confusion matrix is to sum up
the total number of observed accuracy values of both the
wrong and correct categories in the statistical classification
model, and then display the results in a tabular form. Table
5 shows the confusion matrix obtained from 7400 images of
rock structure dataset using the Inception-ResNet-V2 model.
It can be seen that the proportions of five rock structure
types in the database are 18.08%, 19.29%, 22.84%,
20.89%, and 18.89%. The classification of Granular Struc-
ture (GS) shows an accuracy level of up to 93.90%. Further-
more, it can be inferred that among the 5 categories, FS has
a higher probability to be misclassified as GS, since it is lo-
cated closer to GS. Similarly, MS has a higher probability of
being misjudged as FS. In general, BS is the easiest one to
be accurately recognized in the rock structure determination,
with an accuracy of 98.12%, followed by LS, MS, FS, and GS
with accuracies of 97.05%, 95.93%, 94.80%, and 93.90%,
respectively. Therefore, using the IRV2 model, the GS class
has the poorest classification performance, while the BS class
has the strongest one.

To visualize the results of image classification, a fraction of
images is randomly selected out of 7400 testing images (Fig.
9), and the last fraction of each line was considered for the
misclassification cases. It can be seen from Fig. 9 that the
prediction of the framework IRV2 provided excellent results
in five categories of classification problems. In terms of error
recognition, the results of Fig. 9 are consistent with those of
the confusion matrix. In the deep learning process, errors
may occur in two similar categories including GS and FS.
Therefore, to improve the robustness of data, it is necessary
to increase the number of related categories and the texture
morphology in the training process.
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Fig. 8. Performance of various rock structure categories evaluated by different metrics including (a) accuracy, (b) precision, (c)
recall, and (d) F-score.

Rock structure type MS GS LS BS Fs % of data
Mosaic Structure (MS5) 05932  0.30% 1.18% 1042 1.55% 18.08%4
Granular Structure (GS) 0.213% 93.90%  0.76% 0.55% 4.58% 19293
Layered Structure (LS) 0.77% 0.88% 07.05%  0.47% 0.82% 228434
Block Structure (BS) 0.783% 0.52% 0.45% 95.12%  0.13% 20.89%
:Fragmenta.tion Structure ::PS:] 0.95% 3.37% (0.66% 0.22% 04,803 15.80%

Table 5. Confusion matrix of classification results with rock structure dataset using the IRV2 model.

Evaluation of execution time

The execution time of different frameworks using different
processors (CPU and GPU) is shown in Table 6. The results
show that the computing time of the Graphics Processing Unit
(GPU) is much shorter than that of the Central Processing
Unit (CPU) in different running processes (i.e., validation and
testing) and models. However, some traditional machine
learning methods are CPU-based (Cha and Buyukozturk,
2015). In these approaches, it takes much time and storage
space when the algorithm is complex. Thus, using the GPU
for solving the classification problems has an important ref-

erence value for the current research. In addition, by em-
ploying the GPU, the average validation time of the proposed
Inception-ResNet-V2 algorithm is 2.163 s per image, while
this time for ResNet-50, ResNet-101, and Inception-v4 is
2.78 s, 3.02 s, and 2.25 s, respectively. In other words, the
validation time of the IRV2 framework model is about 1.28,
1.39, and 1.04 times shorter than ResNet-50, ResNet-101,
and Inception-v4, respectively. In addition, the IRV2 method
takes 0.325 s per image in terms of test time, which is 1.57,
1.95, and 1.48 times shorter than ResNet-50, ResNet-101,
and Inception-v4, respectively. Therefore, it can be con-
cluded that IRV2 is computationally more efficient than the
other three algorithms.
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Fig. 9. Fraction identification of geological structure images results.
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Processor Execution time [5:] ResNet-50 ResNet-101 Inception-v4 Inception-ResNet-V2
CFU Validation time 97.354 105.667 81144 77.394
(17-8700 K) . . , _
' ! Testing time 20.468 25.634 19.387 13.024
GPU {Nvidia-lﬂE‘CITi::- Validation time 2782 3.021 2.254 2.163

Testing time 0.512 0.636 0.482 0.325

Table 6. Execution time per image.
Discussion in batches for testing. The advantage of substituting the sub-

To further evaluate the recognition effect of the tunnel face
image in the MPHT project, an original image was selected as
the raw material (Fig. 10). The image was segmented into 25
sub-images (5 x 5) and labelled according to the correspond-
ing locations. All sub-images were fed to the IRV2 framework

Image preprocessing

Data training

images for the original image is to avoid the influence of local
recognition errors on the overall recognition rate and one-
time determination of tunnel face structure and, subse-
quently, to analyze the rock mass structure by the probabil-
istic and statistical methods.

2N

Sub-gnages e i e d 11|
o e 2 J

- . : | — |

Urgedamuges

Total ke

EOSOREOROh

Data testing and visualization

Fig. 10. Schematic diagram of rock tunnel face structure classification processes based on the proposed method.

Fig. 11 displays the category statistics of each sub-image
trained according to the segmentation results of Fig. 10. In
this figure, the red rectangular box is the error recognition
item. As can be seen, although the rock mass structure of the
sub-image 5-1 is actually the Layered Structure (LS), 35.2%
of the misjudgment rate still classifies it as Block Structure
(BS).
100% <
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Fig. 11. Statistical results of rock structure classification.
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To further analyze the difference between the sub-image sta-
tistical recognition method and the overall recognition
method, Table 7 summarizes the average value of the statis-
tical data in Fig. 11 and the testing probability of the original
image classification. The table shows that both methods can
accurately identify the classification results. In the LS classi-
fication, the probability of the sub-image method and original
image method is 94.27% and 93.25%, respectively. How-
ever, the two methods are different in the error recognition
labels. The sub-image method further concentrates on BS
and FS, while the original image method mainly focuses on
FS and MS. From the manual error recognition view, the
probability of occurrence in BS and FS is higher than that in
FS and MS; and thus the sub-image method is closer to the
human recognition. Therefore, from the perspective of recall
accuracy and error divergence, the sub-image method is a
more reasonable workaround.

Conclusion

In this paper, a vision-based framework model known as In-
ception-ResNet-V2 network was proposed for the classifica-
tion of rock mass structure in the tunnel face. To capture the
database orderly and quantitatively, an adaptive digital pho-
tography system (ADPS) system consisting of a Canon 750D
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camera, tapeline, tripod, measuring equipment and the light
source was used in the image acquisition process. The Incep-
tion-ResNet-V2 network was trained by over 35,000 images
extracted from 150 tunnel faces in Mengzi-Pingbian Highway
Tunnel (MPHT) in Yunnan Province, China, and then tested

by additional 7400 images. Compared with ResNet-50, Res-
Net-101, and Inception-v4, the proposed network can reduce
the validation and testing time, increase the accuracy of rock
structure classification, and facilitate the future condition as-
sessment.

Method Rock structure type

MS GS LS BS Es
Sub-image 0.45% 1.30% 94.27% 2.30% 1.68%
Original image 2.35% 0.00% 03.25% 0.193 4.21%

Table 7. Classification probabilities corresponding to different recognition methods (sub-image and original image).

Based on the obtained results, the computing time of GPU is
much lower than CPU for the four experimental CNNs,
whether in different running processes (such as validation
and testing) or using a different model. Using the GPU pro-
cessor instead of traditional CPU, Inception-ResNet-V2 exhib-
ited the best performance over the other three CNNs.

In addition, the model trained by a large database can obtain
the object features more comprehensively, leading to higher
accuracy. Compared with the original image classification
method, the sub-image method is closer to the reality con-
sidering both the accuracy and the perspective of error diver-
gence.

As the first attempt to use CNNs for classification of rock
mass structures captured from the under-construction tunnel
face, this research made the following two contributions.
First, it paves the way for other researchers to apply a higher
accuracy and efficiency framework in order to classify the
rock structure in the under-construction tunnel face. Sec-
ondly, it confirms that the proposed sub-image technique sig-
nificantly improves the efficiency of conventional overall
recognition. However, there are two research aspects re-
mained that can be further improved: (1) establishing a real-
time tunnel face image recognition system during the con-
struction as the most urgent need in the field, and (2) han-
dling the time imposed by the pretreatment and post-pro-
cessing of the sub-image classification method, which is usu-
ally longer than the testing time. These issues can be inves-
tigated by the authors in future research for designing a more
automatic recognition system.

Source: Deep learning based classification of rock structure
of tunnel face

(ENGINEERING GEOLOGY, September 3, 2020,

https://geologyengineering.com/2020/09/classification-of-
rock-structure-of-tunnel-face)
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The February 2018 Mangapoike landslide, New
Zealand: an intriguing failure mechanism?

Zealand: an intriguing failure mechanism?

On a morning in which the media is full of a landslide that fail
to materialise, I can find solace in the real thing. On 24 Feb-
ruary 2018 an 8 million cubic metre landslide dammed the
Mangapoike River in a remote upland area of eastern North
Island in New Zealand. I blogged about this landslide at the

time - it is a rather beautiful example. The height of land-
slide dam was managed through blasting, although the land-
slide remains intact, leaving interesting questions about the
cause of the failure. This is a Google Earth image of the
landslide:-

Google Earth imagery of the 24 February 2018 Mangapoike
landslide, New Zealand.

An interesting paper has been published in the journal Land-
slides about the Mangapoike landslide (McGovern et al.
2020). This is provides a detailed description and analysis of
the feature, which was a wedge failure in weak rock sand-
stones and mudstones, with the slide surface being defined
by a smoothed, northwest-dipping bedding plane. The ele-
gant diagram below, which is an exemplar of how to use
graphics to present landslide information, shows the source
area of the slide:

intersecting
fractures

Bedding plane .
failure surface : reatara

The source area of the February 2018 Mangapoike landslide,
New Zealand. Diagram from McGovern et al. (2020).

The landslide mass itself partially disaggregated into blocks,
which of course meant that the river was more effectively
dammed.

The really interesting aspect of this paper though is its con-
sideration of the causes and triggers of the Mangapoike land-
slide. The underlying causes are clear (and are well-ex-
plained), but what triggered the failure? McGovern et al.
(2020) demonstrate clearly that there was no unusual rainfall
event prior to the failure. Indeed, they are remarkably de-
finitive about this:

"...it seems implausible that rainfall and elevated groundwa-
ter were important triggering factors”.

Instead McGovern et al. (2020) propose that fluid overpres-
sure might have played a role. As they put it:

"The Makaretu Sandstone is a known hydrocarbon reservoir
formation within the Tolaga Group, with overlying mudstone
units acting [as] seals”.

There is geodetic evidence that prior to the landslide the re-
gion underwent approximately 15 mm of vertical movement,
which may indicate that there was a fluid overpressurisation
event occurring. The authors postulate that gas migrated
vertically though the sandstones but was trapped by the
mudstones at the base of the landslide, reducing the normal
effective stress and triggering the failure.

This mechanism is a hypothesis, and indeed the authors state
that:

"Whether fluid overpressure was a contributing factor to the
Mangapoike landslide is equivocal.”

There have been previous suggestions that gas overpressur-
isation might be a factor in certain landslide failures. The
interesting thing about this one is that the data is so good
that it invites detailed modelling to understand the potential
mechanism, and its efficacy, better.

Reference

McGovern, S., Brook, M.S. & Cave, M. 2020. Geomorphology
and triggering mechanism of a river-damming block slide:

February 2018 Mangapoike landslide, New Zealand. Land-
slides (2020). https://doi.org/10.1007/s10346-020-01572-7

(Dave Petley / THE LANDSLIDE BLOG, 4 November 2020,
https://blogs.agu.org/landslideblog/2020/11/04/man-
gapoike-landslide/)

Geomorphology and triggering mechanism of a
river-damming block slide: February 2018 Man-
gapoike landslide, New Zealand

Sam McGovern, Martin S. Brook & Murry Cave
Abstract

Landslide dams can be very dangerous, with inundation oc-
curring via rising waters upstream, and flooding downstream
via dam breaching. Here, we report on a landslide that
dammed the Mangapoike River in eastern North Island, New
Zealand. The landslide is a low-angle wedge failure in the
Miocene weak rock sandstones and mudstones of the Tolaga
Group, forming a landslide dam (volume c. 8 million m3) and
a lake 50 m deep with a surface area of 0.35 km?, before
explosives were used to form a dam spillway to decrease lake
level. The landslide formed along an escarpment in north-
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west-dipping sandstones, and is characterised by a linear lat-
eral scarp, a headscarp, and a bedding-plane rupture surface,
which controlled the landslide block geometry. The headscarp
and lateral scarp have developed along propagating vertical
fractures. The slide surface is a smoothed, northwest-dipping
bedding plane, and intersects the vertical fractures in the lat-
eral scarp, forming a wedge. While the principal failure mech-
anism was sliding involving a single large wedge-shaped
block, the rapid movement led to disintegration of most of
the block. Part of the detached slide block remained intact,
but most of the displaced mass forming the landslide dam is
disaggregated blocks in a sandy-silty matrix. Rainfall and
meteoric groundwater probably did not initiate failure. In-
stead, river incision of the dip slope toe, and overpressurisa-
tion of fluids that are known to accumulate in sandstones
overlain by impermeable mudstones in the region, probably
decreased the effective stress along the existing bedding
plane, initiating failure.

https://link.springer.com/article/10.1007/s10346-020-
01572-7
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A systematic exploration of satellite radar co- Emergency responders require information on the distribu-
herence methods for rapid landslide detection

tion of triggered landslides within 2 weeks of an earthquake

or storm. Useable satellite radar imagery is acquired within
Katy Burrows, Richard J. Walters, David Milledge, and

days of any such event worldwide.
Alexander L. Densmore
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Figure 1(a-c) Landslides triggered, respectively, by the 2015 Gorkha, Nepal, earthquake; the 2018 Hokkaido, Japan, earth-
quake; and the 2018 Lombok, Indonesia, earthquakes (Roback et al., 2018; Zhang et al., 2019; Ferrario, 2019). The landslides
are plotted as the areal density of landsliding based on 1 km? cells. ALOS-2 SAR acquisitions are shown in green and Sentinel-1 in
blue. In (c), a second earthquake, referred to as “Lombok-2", is inset. (d=f) Acquisition dates and track numbers of SAR im-
agery used in this study. Earthquakes are shown as vertical red lines, black symbols show pre-event image acquisition dates, and
red symbols show post-event dates

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020 ZgAida 32


https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx43
https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx43
https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx61
https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx61
https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx12
https://nhess.copernicus.org/articles/20/3197/2020/#bib1.bibx12

Recently, several landslide detection methods that use these
data have been developed, but testing of these methods has
been limited in each case to a single event and satellite sen-
sor. Here we systematically test five methods using ALOS-2
and Sentinel-1 data across four triggering earthquakes. The
best-performing method was dependent on the satellite sen-
sor. For three of our four case study events, an initial ALOS-
2 image was acquired within 2 weeks, and with these data,
co-event coherence loss (CECL) is the best-performing
method. Using a single post-event Sentinel-1 image, the
best-performing method was the boxcar-sibling (Bx-S)
method. We also present three new methods which incorpo-
rate a second post-event image. While the waiting time for
this second post-event image is disadvantageous for emer-
gency response, these methods perform more consistently
and on average 10 % better across event and sensor type
than the boxcar-sibling and CECL methods. Thus, our results
demonstrate that useful landslide density information can be
generated on the timescale of emergency response and allow
us to make recommendations on the best method based on
the availability and latency of post-event radar data.

Nat. Hazards Earth Syst. Sci., 20, 3197-3214, 2020
https://doi.org/10.5194/nhess-20-3197-2020

(https://nhess.copernicus.org/articles/20/3197/2020)

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020 ZgAida 33



https://doi.org/10.5194/nhess-20-3197-2020
https://nhess.copernicus.org/articles/20/3197/2020/

The Mw = 5.6 Kanallaki Earthquake of 21 March
2020 in West Epirus, Greece: Reverse Fault
Model from InSAR Data and Seismotectonic Im-
plications for Apulia-Eurasia Collision

Sotiris Valkaniotis, Pierre Briole, Athanassios Ganas,
Panagiotis Elias, Vassilis Kapetanidis, Varvara Tsironi,
Anna Fokaefs, Helena Partheniou and Panagiotis
Paschos

Abstract

We identify the source of the Mw = 5.6 earthquake that hit
west-central Epirus on 21 March 2020 00:49:52 UTC. We use
Sentinel-1 synthetic aperture radar interferograms tied to
one permanent Global Navigation Satellite System (GNSS)
station (GARD). We model the source by inverting the INSAR
displacement data. The inversion model suggests a shallow
source on a low-angle fault (39°) dipping towards east with
a centroid depth of 8.5 km. The seismic moment deduced
from our model agrees with those of the published seismic
moment tensors. This geometry is compatible with reverse-
slip motion along the west-verging Margariti thrust fault that
accommodates part of the convergence within the collision
zone between Apulia and Eurasia. We also processed new
GNSS data and estimate a total convergence rate between
Apulia and Eurasia of 8.9 mm yr~!, of which the shortening
of the crust between the Epirus coastal GNSS stations and
station PAXO in the Ionian Sea (across the Ionian Thrust) is
equivalent to ~50% of it or 4.6 mm yr~!. By back-slip mod-
elling we found that a 60-km wide deformation zone takes up
nearly most of the convergence between Apulia-Eurasia,
trending N318°E. Its central axis runs along the southwest
coast of Corfu, along the northeast coast of Paxoi, heading
toward the northern extremity of the Lefkada island. The is-
land of Paxoi appears kinematically as part of the Apulian
plate.

1. Introduction

The tectonics of Epirus is characterised by on-going compres-
sion due to the active collision between the Apulian continen-
tal block [1,2,3,4] and Eurasian (Aegean) plate. The Apulian
continental lithosphere subducts beneath Epirus and was im-
aged at 70-80 km depth by [5]. Both seismological and ge-
odetic data show that active deformation is occurring by crus-
tal shortening directed in a NNE-SSW to NE-SW orientation
[6,7,8,9,10,11] (Figure 1). The overall tectonic strain rate
was estimated at 40-50 ns yr~! of contraction by [11] for
west-central Epirus. At least 50 km of horizontal shortening
has been suggested for Epirus by geological data
[12,13,14,15] accompanied by large scale clockwise rota-
tions [12].

Figure 1. Map of Epirus (A) showing active fault traces
(black lines with ticks on the overriding side), Global Navi-
gation Satellite System (GNSS) stations (blue triangles) and
epicentres determined for the 21 March 2020 Mw = 5.6
earthquake. Panel (B) shows the study area in the NW cor-
ner of Greece. Panel (C) shows the relocated epicentre of
the mainshock (this study; white star) and its aftershocks
(red circles; period 20 March 2020-23 May 2020). Fault
traces modified after [16,17]. The black line between the
Paxoi and Corfu islands indicates the trace of the Ionian
thrust (ticks on the overriding side).

Geosciences 2020, 10(11), 454;
https://doi.org/10.3390/geosciences10110454
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ZYNOWH OMIAIAZ

O1 KAIPATIKEG aAAayéc anoTeAoUv Tov Kavova otnv IoTopia
Tou nAavATn pag and Tnv dnuioupyia Tou npiv 4,6 3IG TN €wG
onuepa. H oloTaon TG ynivng atpoogaipac aiia€e dpapa-
TIKA KaTd TNV S1IdpKeEIa TwV NPpWTWV dU0 dIG ETWV Kal anod Tnv
Kuplapxia Tou dlo&sidiou Tou avBpaka kal Tou pebaviou né-
paoce e pia oTadiakn expavion kai auvgnon Tou o§uyovou, nou
£pBaoe npiv ano nepinou 500 ek. £TN 0€ NOCOOTO TNG TAEEWG
Tou 20%. O1 naAaioBeppokpacieg nou €xouv unoAoyioBei dei-
XVOUV OTI GUVOAIKG €nikpaToUoe NoAU nio Bgpuod KAiya, JE -
Eaipeon 10 TEAOG Tou MpoKauBpiou, npiv 750-550 k. €Tn, TO
TéAOC Tou Avw MaAalolwikou npiv 330-280 €k. £€Tn Kal To Te-
TApPTOYEVEG Ta TeAeuTaia 2,6 ek. €Tn. Enopévwg, n onuepivn
nepiodog Nou TN BewpoUE KAINATIKA «QUCIOAOYIKI» AMOTEAEI
Mia akpaia wuxpn nepiodo Tng 1oTopiag Tng 'ng. Eival xapa-
KTNPIOTIKO OTI £X0UV NapaTtnpenOsi TEAEIWC akpaieg KAINATIKEC
nepiodol oTo TEAOG Tou MpokdauBplou 6Tav n 'n anotelouoe
pia xiovounaAa (Snowball Earth) kal oto Hokalvo éTtav unnp-
Xav opyaviopoi Tng 1onuepivng fwvng oxeddv oe OAa Ta
nAaTn, €wg Tov Kavada. To Bacikd aiTio Twv KAIMATIKOV aA-
Aaywv gival n diagoponoinaon TnG NpooninToucdg NAIGKNAG &-
VEPYEIAG avaAloya HE TIC KIVACEIC TNG NG Kal TIC TPOXIAKEG
NapapeTpoug TNG KAGVNONG, TNG HETANTWONG TWV ICNUEPIDV
Kal TG Ao&wang, ol onoieg enavaiapBavovTal og KUKAoug 20,
40 kal 100 xIAIGdwV €TWV, Nou gival yvwaToi wg KUKAOI Tou
Milankovich. 'ETol, ol nayeTwdeig nepiodol Tou MEgou-AvmTE-
pou NMAesioTokaivou enavaiapBavovTtal ava 100.000 £€Tn evw
ol evdlGueosg peoonayeTwdelG nepiodol diapkouv nepinou
10.000 £tn. Mia aueon €nidpacn TwV KAIJATIKOV aAAay®V €i-
val YeTaBoAn Tng Balaacalag oTaduNg PE XaunAn Kal uwnAn
oTdbun (Low stand, High stand) avtigToixa yia nayetwdeig
Kal peconaysTwdelc nepiddoug. 'ETol, otnv Meodyeio &i-
val yvwoTn n nponyoUdevn NaAaloakTh Tou AvwTepou MAel-
oTokaivou npiv 18.000 £1n ota -123 p. 'ETOI, £XOUHE CNUAVTI-
KEG NAAAIOYEWYPAPIKEG AAAAYEG KUPIWG OTIG NApAKTIEG MEPIO-
XEC Kal oTa vnold. H evepydG TEKTOVIKN WE TIC OEIOUIKEG META-
Tonioeig aAAnAoennpealeTal Pe TIG EUOTATIKEG KIVAOEIG TNG
KAIMaTIKAG aAAayng kal divouv 181aiTepa Tonia- xapakTtnpl-
oTIkd ogIopikd avayAuga, Oonwg n.x. ol akTeg TnG Bopeiag Me-
Aonovvnoou atov KopivBiakd KoAno, o onoiog kaTta Ti¢ naye-
TWOEIG NEPIGdOUG ATAV Aivn evw 01 NAAAIOAKTEG TOU €VTOMi-
{ovTal og UYPONETPA €WG Kal 7504, Me dedopévo OTI Nndn €-
XOUV nepdacel 10.000 £Tn KATa TN CNUEPIVA HECONAYETWIN Ne-
piodo, N GUOIKN avapevopevn €EEANIEN Tou KAIPATOG €ival n pe-
Tapaon otnv endpevn nayetwdn nepiodo. To Kpioipo BEpa &i-
val eav n avbpwnoyevng enidpacn PNopei va kabuaoTepnoel N
Kal va avaaoTeilel TNV Quaoikn diadikaacia TN KAINATIKAG aAAa-
YNG. H andvtnon oto epwTnua npolnobETel TNV yvwon Twv
JIAKUPAVOEWV TOU KAIPNATOC PECA oTnV PegonayeTwdn nepi-
000 Kdal TN oUYKpIoN TWV NapatnpoUPEVWV KAIUATIK®OV HETA-
BoAwv pe auTéc. Eival yvwoTo OTI oThv Saxapa npiv nepinou
5.500 x1A1adeg €Tn unnpxav Tonia npacivng xAwpidag kai a-
VvTioToIXNG navidag nou £xouv anoTunwdei oe Bpaxoypagieg
onnAaiwv, nou deixvouv €va NoAU nio uypo Kal Yuxpo KAipa.
Eniong €ival yvwaoTo 0TI oTnV KevTpIikn Eupwnn napatnpnén-
Kav noAu xapnAoTepeg Beppokpacieg Tov 16° €wg Tov 19°
alwva PE NaywpEVEG AIJVEC MOU €X0OUV AMEIKOVIOTEI O NIVAKEG
KUpiwg OAAavdwv kal ®Aapavowv (wypdpwv. H nepiodog
auTn €xel xapaktnplobei wg «Mikpn Mayetmwdng Mepiodog»
(Little Ice Age). Ta onuepiva kAipaTikd oTolxeia deixvouv pia
oaen andkAion ano TIG PUOIKEG dIaKUNAvaelc ano Tn dekasTia
Tou 1980. Ev ToUTOIG, N OUYKPION TWV OTOIXEIWV TNG TEAEU-
Taiag TPIAKOVTAETIAG PE Ta Osvapla TNG KAINATIKAG aAAayng
Tou 1988 deixvouv OTI BpIoKOUACTE OTO NMIOTEPO and Ta oe-
vapla nou ixav npotadei. TENoG, Ba npeEnel va yivel didkpion
avapeoa oTnv avBpwnoyevn eniapuvon Tou NepPIBAAAOVTOG
Kal Tnv KAIpaTikn aAhayn. Eivar BERalov OTI Ta nepliocoTEPA
METPa Mou npoTeivovTal XpelalovTal yia Tnv anokataoracn Kai
BeATiwon Tou nepiBaAlovTog aveEapTnTa and TO MOCOCTO
NG mBavng avpwnoyevoug NPoEAEUONG TNG KAILATIKAG aA-
Aayng.
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O AnuATpng I. NManavikoAdou
yevvnonke ortnv ABrva kai onou-
dace orto MavenmioThpio ABnvwv
duoloyvwaoia Kai Fewypaia
(1971) kar FewAoyia (1976). Ano
To 1974 gpydoTrnke wg BonBdg Tou
Epyaotnpiou M'ewAoyiag oto Mave-
niogTApio ABnvayv, énou ekndvnoe
d1dakTopikn diaTpIBr oTn FewAoyia

b . TNG Nnoou Avdpou (1978). Ako-
AoUBnoe OAeg TIG BaBuidec akadnuaikng €EEAIENG £wg To 1993
oTav eEeAeyn Kabnyntng oTa avTikeiyeva Auvapikn kai Te-
kTovikn FewAoyia, MewAoyia Tng EAAGdac kar ®@aldooia MNew-
duvapikn. Katd tn didpkela Twv eTov 2005-2016 ATav digu-
BUVTAG TwV JIATUNMUATIK®V HETANTUXIAKWV MNPOYPAUHATWV
«Qkeavoypapia kar Alaxeipion 6aiacagiou MepiBdAlovTog»
Kal «MeAétn kal MpoAnwn ®uoikwv KaTtaoTpopwv». Kata Ta
€Tn 1979-1980 kal 1981 epydoTnke WG PETAdIOAKTOPIKOG €-
peuvnTN¢ oTo MavenioTnuio TnG Awlavvng He €pguva Kai dn-
Hoaoleuoelg oTig AuTikeg AAneig. To 1982-1983 dida&e wg
Professeur associe TekTovikr FewAoyia oTo MavenioThpio TG
Reims, FaAAia. To 2003 dida&e MewAoyia kal TekTovikr EEE-
MEN Tng Meooyeiou oto MIT (Massachussets Institute of
Technology) HIMA, énou Tou anoveunbnke o TITAOG Tou
“Grosby Professor”. To 2008 €dwoe diaAé€eic oTo “Jackson
School of Geosciences” Tou MavenioTnuiou Tou TEEAg oTo
Austin w¢ “Barnes Distinguished Lecturer”. AleTé\eoe Mpoe-
0pog TnG EAANVIkRg MewAoyikng ETaipiag (1988-1992, 1994-
1996) kal Tng KapnaBo-BaAkavikng ewAoyikng 'Evwong
(1993-1995). AleteAeoe AieuBuvTng Tou Mpoypaupartog IGCP
No 276 lewAoyikng ZuoXETiong TNg UNESCO/IUGS pe B£ua
«Paleozoic Geodynamic domains and their Alpidic evolution
in the Tethys” (1987-1997) ue CUUMETOXN 24 XWPWV. EKAE-
XTNKe AleuBuvTnc/Mpoedpog Tou A.Z. Tou EBvikoU KévTpou
Oalaooiwv Epsuvov (1994-2000) kar dieTéleoe Mpdedpog
Tou OpyaviopoU AvTioeiopikoU Zxedlaopou kal [pooTa-
ogiag (OAZ=M)(1993-1998) kabwg kal Mevikdg MpappaTéag Mo-
NiTiknGg MpooTtaciag Tou Ynoupyeiou EowTtepikwv (2000-
2002). Eival gélog Tng EkdoTikAG EniTponng noAA@v digbvv
€MIOTNHOVIK®V NEPIOSIKWV Kal £xel dnpooielosl navw and 320
epyaocisg Ye navw ano 4500 erepoava@opéc. To BiBAIo Tou
«[ewAoyia Tng EAAAdac» nou ekdobnke and Tig Ekdooeig Na-
Takng 1o 2015 BpiokeTal und ektTunwon and Tov Aiedvr Oiko
“Springer” otnv ayyAikn yAwogoa. And To 2009 CUMMETEXEI
otnv Emiotnuoviky Emimponr) MeAéTng Twv EnNINTwoswv TnG
KAIpaTikng ANayng Tng Tpanelag Tng EAANGdag e eubuvn oTig
MaAaio-KAipaTikég AANAAyEG Kal TiIG HETABOAEG TNG @aAdcoiag
oTaounc.

0dnyieg ouvdeong:

MNa va napakoAouBnoeTe TNV opIAia, apkei va naTrnoeTe Navw
aTnv €lkova Tng NMpookAnong, r va akoAouBbnoeTe Tov oUvOe-
OMO Mou NepIAAPBAVETAl OE AQUTHV.

Ta nAnpn oToIXEia TNG oUVIEONG £XOUV WG EENG:

Topic: ETHZIA OMIAIA ETE

Time: Dec 10, 2020 06:30 PM Athens
Join Zoom Meeting

https://au-
thgr.zoom.us/j/95998439394?pwd=cmIwWEpXWHVOMGFOc
DZGaVVaz1BwZz09

Meeting ID: 959 9843 9394

Passcode: 076495

One tap mobile
+302111984488,,95998439394# Greece
+302311180599,,95998439394# Greece
Find your local number: https://au-
thgr.zoom.us/u/ab9WSZilTu
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mation-circular-november-2020

1. 2021 TERZAGHI ORATION - News from the ISSMGE
President Charles Ng

I am very pleased to announce that Professor Antonio Gens
from the Universitat Politécnica de Catalunya in Spain has
been selected as the 2021 Terzaghi Orator. Professor Gens
was selected from a pool of 16 outstanding nominations in-
cluding 5 former Rankine Lecturers. After reviewing the ab-
stracts of proposed case histories including photographs sub-
mitted by 6 finalists and consultation among some distin-
guished peers in our Society, I had the privilege to select
Professor Gens to be our next Orator although the decision
was extremely difficult since we had so many outstanding
candidates. I am absolutely confident that Professor Gens will
deliver an excellent lecture in Sydney in 2021. Please join me
in congratulating Professor Gens.

2. ISSMGE AWARDS - Deadline extended

Due to the COVID-19 Pandemic the Awards Committee in
consultation with the President has decided to extend the
submission deadline to 30 November 2020. Nominations
should be submitted to the Secretary General.

3. TC - NOMINATIONS

These TCs are actively seeking nominations for members
from the Member Societies. Please make sure that your
Member Society representative is aware of your interest in
joining either of these Committees.

TC107 - Tropical Residual Soils
TC214 - Foundation Engineering for Difficult Soft Soil Condi-
tions.

4. WEBINARS

The following webinar was recently added to the ISSMGE ed-
ucational resources available from the website: - Prof.
Pijusch Samui: "Machine Learning in Geotechnical Engineer-
ing

5. ISFOG 2020 - Proceedings now available

The proceedings for ISFOG 2020 (a specialist conference on
offshore geotechnics held under the auspices of TC209) have
just been released. The conference itself has been postponed
to late 2021, but the decision was taken to make the pro-
ceedings available this time - to ensure the material comes
out in a timely fashion, and to honour the commitment of
authors to the conference. The link to purchase the proceed-
ings is at https://www.isfog2020.org/proceedings. The cost
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is USD150.00 and will be deducted from the cost of your con-
ference registration. Registration will open to the public in
June 2021. Registrants will be contacted closer to that date
and given instructions on how to obtain credit for the pur-
chase of the proceedings.

6. BULLETIN

The latest edition of the ISSMGE Bulletin (Volume 14, Issue
5, October 2020) is available from the website
https://www.issmge.org/publications/issmge-bulletin/vol-
14-issue-5-october-2020

7. ISSMGE ONLINE LIBRARY - OPEN ACCESS

The ISSMGE Online library (https://www.issmge.org/publica-
tions/online-library) is in continuous development - please
note the following additions:

e 1st (2007) and 7th (2019) International Symposium on
Geotechnical Safety and Risk

e 10th International Symposium on Field Measurements in
Geomechanics (FMGM2018)

e 25th European Young Geotechnical Engineers Conference
8. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 31%tJanuary 2021.
Click here for further information on the ISSMGE Founda-
tion.

9. CONFERENCES

For a listing of all ISSMGE and ISSMGE supported confer-
ences, and full information on all events, including deadlines,
please go to the Events page
at https://www.issmge.org/events. However, for updated in-
formation concerning possible changes due to the corona-
virus outbreak (i.e. postponements, cancellations, change of
deadlines, etc.), please refer to that specific event’s website.

As might be expected, many events have been rescheduled
and we update the Events page whenever we are advised of
changes.

The following are events that have been added since the pre-
vious Circular:

ISSMGE Events

GEOTECHNICAL ADVANCES AND CHALLENGES IN UR-
BAN DEVELOPMENT - 13-11-2020 - 14-11-2020

Online, Sydney Australia, Sydney; Language: English; Or-
ganiser: Australian Geomechanics Society; Contact person:
Ali Parsa; Address: 115 Wicks Road, Phone: +612 9888
5000, Email: aparsa@jkgeotechnics.com.au, Website:
https://australiangeomechanics.org/meetings/geotechnical-
advances-and-challenges-in-urban-development/.

All Proceedings from the Australian New Zea-
land Conferences on Geomechanics available in
open access!

The Innovation and Development Committee of the ISSMGE
is pleased to announce that through the initiative of the Aus-
tralian Geomechanics Society (AGS) and the New Zealand
Geotechnical Society (NZGS), 1850 papers from the Australia
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New Zealand Conferences on Geomechanics, are now availa-
ble in the online library here:

https://www.issmge.org/publications/online-library

The database includes the proceedings from all 13 Australian
New Zealand Conferences on Geomechanics, held from 1971
up to 2019, and can be searched by theme, title and authors!
More specifically, it includes:

15t Australia New Zealand Conference on Geomechanics (Mel-
bourne, 1971): 81 papers

2" Australia New Zealand Conference on Geomechanics
(Brisbane, 1975): 62 papers

37 Australia New Zealand Conference on Geomechanics
(Wellington, 1980): 110 papers

4t Australia New Zealand Conference on Geomechanics
(Perth, 1984): 129 papers

5% Australia New Zealand Conference on Geomechanics
(Sydney, 1988): 114 papers

6t Australia New Zealand Conference on Geomechanics
(Christchurch, 1992): 104 papers

7% Australia New Zealand Conference on Geomechanics (Ad-
elaide, 1996): 154 papers

8™ Australia New Zealand Conference on Geomechanics (Ho-
bart, 1999): 129 papers

9t Australia New Zealand Conference on Geomechanics
(Auckland, 2004): 127 papers

10t Australia New Zealand Conference on Geomechanics
(Brisbane, 2007): 203 papers

11t Australia New Zealand Conference on Geomechanics
(Melbourne, 2012): 277 papers

12t Australia New Zealand Conference on Geomechanics
(Wellington, 2015): 159 papers

13t™ Australia New Zealand Conference on Geomechanics
(Perth, 2019): 201 papers

Detailed acknowledgements for all 13 Australian New Zea-
land Conferences on Geomechanics and bibliographical de-
tails for referencing can be found at the ISSMGE Online Li-
brary Acknowledgements section.

o3

,_:"-[:

[nternational Society for RockMg_cMgi
and Rock Engineering

News
www.isrm.net/noticias/?tipo=1&todas=1

2019 Miiller lecture by Dr Peter Kaiser is now on the
website
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The 8th Miller Award Lecture (2019) "From common to best
practices in underground rock engineering" by Prof. Peter
Kaiser is now on the website.

New ISRM Young Rock Engineer Award

In October 2020, the ISRM Board decided to institute the
ISRM Young Rock Engineer Award, to acknowledge excel-
lence in the field of rock engineering by ISRM members who
are in early stages of their career. The deadline for submis-
sion of nominations for the ISRM Young Rock Engineer Award
2021 is 20 March 2021.

32nd ISRM Online Lecture on December 17

The 32nd Online Lecture with the title "Empirical Design
Methods in Underground Mining" by Professor Antonio Sama-
niego will broadcast on the 17th December at 10 A.M. GMT.

XIII ISL - International Symposium on Slides will be in
virtual mode

XIII ISL - International Symposium on Slides will be in vir-
tual mode. The Symposium will be held in Colombia from
February 22 to 26, 2021.

The News Release of the 2020 Council meeting is avail-
able for download

The ISRM Council meeting took place as a videoconference
on 28 October. It was preceded by the Board meeting on 20,
21 and 22 October.

Eurock 2020 Proceedings now on OnePetro

The proceedings of Eurock 2020 are now available on
OnePetro.com. ISRM are entitled to download 100 papers for
free every year.

New ISRM Suggested Method Video - triaxial compres-
sion tests

A video for the Suggested Method for Determining the
Strength of Rock Materials in Triaxial Compression was pub-
lished, in a cooperation between Prof. Seokwon Jeon from
Seoul National University (South Korea) and the ISRM Com-
mission on Testing Methods.

2022 ISRM International Symposium in Asuncion, Par-
aguay

The ISRM Council selected the IX Latin American Rock Me-
chanics Symposium - LARMS 2022, in Asuncidn, Paraguay,
15 to 18 May, as the venue for the 2022 ISRM International
Symposium, where the ISRM Board, Council and Commis-
sions will also hold their annual meetings.
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Digital Inspections — A Better Way — Tomorrow!
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Will Howlett and James Connell (Arup) presented on Digital
Inspections. With an increasingly digital approach to asset
management and design delivery in the construction indus-
try, clients can realise huge benefits in both quality and
safety when they employ digital techniques. Arup have opted
a variety of innovations to inspect and assess existing tunnels
from small linear to large diameter tunnels. This presentation
will review some of the projects in more detail and the tech-
niques used to create 3D models including enabling the de-
velopment of digital twins. Health & Safety Executive (HSE)
best practice and effectively working within the Confined
Spaces Act will be discussed including examples of remote
inspection which has become more traditional following
COVID-19.

Thursday, 5 November

Streaming Link : https://youtu.be/nCnI9wWEU8VI

BTS Harding Memorial Lecture 2020
Tunnelling in a Changing World

This year’s Harding Memorial Lecture was delivered by Dr
Keith Bowers (Cowi) on 12™ November.

This lecture looked at changes affecting our industry and
what we may need to do differently now and in the future.

Tunnels have been an essential part of our infrastructure for
centuries and the tunnelling industry remains an essential
participant in the development of the infrastructure of the
modern world. As an industry we can still trace some of our
practices back to the early days and we continue to learn the
lessons from earlier projects. Our practices will always need
to continue evolving to be fit for the future. Change is normal.

A thirty-year career in the industry is long enough to observe
some of these changes happening. Some relate to technol-
ogy - our methods and materials. Other changes are im-
posed on us by society and circumstance. A year ago we
were contemplating Brexit as possibly the biggest business
change we could foresee. We did not anticipate social dis-
tancing and the demise of urban commuting. Pandemics hap-
pened in movies.

What changes will be expected of us for future tunnelling
projects? Certainly more than just new methods and materi-
als, important as they are. We need to respond to our grow-
ing knowledge of the world about us and particularly how our
work interacts with our, evidently fragile, environment. As a
society our expectations of "work" are changing. Wellbeing
matters. Through all this what will attract the next genera-
tion of tunnellers into our industry in a digitally enabled
age?

Thursday, 12™ November

Streaming Link : https://youtu.be/81g6wcQ1S]c

(C249-0)

¥ The British Dam Society

https:/ /britishdams.or

BDS YouTube channel
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The BDS has recently created a playlist on our ‘YouTube’ page
of videos from around the web related to dam safety and
history that we feel may be of interest to our members. From
educational videos about dam engineering principles to fas-
cinating history of some of the UKs most iconic dams, we
have curated many nuggets of information that provide in-
sights into the world of dam engineering. The playlist can be
viewed here
(https://www.youtube.com/playlist?list=PL5RIXIQU-
zazVJP4k-JzZAMyuQC-A6KdxSs). Whilst every care has been
taken to check the links are appropriate, the BDS is not re-
sponsible for the content or comments on these 3rd party
videos.

@ D

ICE Publiﬂng Awards 2020
£

Meet some of this year's award winning authors

Each year, we award authors from both industry and aca-
demia who have produced work judged by their peers to be
of exceptional quality and benefit to the civil engineering,
construction and materials science community.

Usually, their success is acknowledged at the ICE Publishing
Awards ceremony, held at One Great George Street in Lon-
don, UK. This year the ceremony was held digitally and cele-
brated with a range of videos from the award winners.

Watch the highlights

The top three papers selected from across all our jour-
nal this year:

o X **t
v  Telford
¥ Gold Medal

4
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‘;b Best pa;IJIer
A ) 19 ?vera &&L
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e

Telford Gold Medal
Best paper overall

Pore water pressure and total horizontal stress re-
sponse to EPBM tunnelling in London Clay written by;
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Michael Wan, J. R. Standing, David. M. Potts and, John. B.
Burland (Imperial College, London, UK); published in Volume
69 Issue 5 of the Géotechnique journal. Established in 1948,
Géotechnique is the world's premier geotechnics journal,
publishing research of the highest quality on all aspects of
geotechnical engineering.

The authors had this to say about their win: ‘It is a huge
honour and we are absolutely delighted.’

Watch the video - Read the paper

»
-
George Y
Stephenson %
D

Medal

o &
Second best paper 4%
overall L"

George Stephenson Medal
Second best paper overall

Downwind flow behaviours of cuboid-shaped obsta-
cles: modelling and experiments, written by Karl An, Jul-
ian C. R. Hunt, and Jimmy C. H. Fung (Hong Kong University
of Science and Technology and Cambridge University); pub-
lished in Volume 172 Issue 1 of Engineering and Computa-
tional Mechanics. The journal has previously won the George
Stephenson medal, Grafsronningen and Jensen, 2015. It has
also won the ICE's Telford Gold medal twice: for Vardy,
2008 and Hunt et al, 2013.

Watch the video - Read the paper
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Baker Medal
Third best paper overall

Rehabilitation of Brougham Castle Bridge, written by en-
gineers David Wiggins, Kiera Mudd, and Matthew Healey and
published in Volume 172 Issue 1 of Engineering History and
Heritage. The journal publishes papers on existing infrastruc-
ture, buildings and civil engineering structures around the
world, and issues related to their conservation, restoration
and adaptation to meet the challenges of the 21st century.

The authors said this on discovering their win: “This award
was a complete surprise and is a very humbling recognition
of a lot of hard work.”

Watch the video - Read the paper

All winning papers are free to read, forever, as part of
our commitment to furthering knowledge and best
practice in civil engineering.

View all of this, and past year’s award-winning papers
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Prof. Harry Poulos

A world expert in pile foundation design, whose work
has underpinned many of the world’s tallest buildings,
has received Australia’s most prestigious engineering
prize.

Professor Harry Poulos
AM was awarded the 2020
Peter Nicol Russell Career
Achievement Memorial
Medal at the Engineers
Australia Pinnacles Awards
Ceremony last night.

An academic and consult-
ant, Poulos has applied his
research to projects in-
cluding Dubai’s Burj Kha-
lifa, as well as freeways,
bridges, tunnels and
mines.

Presenting Poulos with his award during the virtual event,
Engineers Australia National President Chris Champion rec-
ognised his distinguished career, which spans almost six dec-
ades.

“Harry has transformed the geotechnical understanding of
how structures interact with the ground and developed more
reliable design approaches that have superseded previous
procedures based on empirical experience,” Champion said.

Named in memory of a Sydney industrialist from the latter
half of the 19th century, the Peter Nicol Russell Medal recog-
nises a person who has made a notable contribution to the
science and/or practice of engineering within Australia.

Poulos described the honour as a “pinnacle” of his career.

"I have made a number of decisions in my lifetime that have
proved to be beneficial, and doing engineering as a profes-
sion was one of the first and foremost,” he said.

“But an award like this is not a solo award. It is based on
interactions with many other people ... One of my great deci-
sions was to marry my wife Maria. She and my four children
have been remarkably supportive.”

(Create Digital, November 10, 2020, ttgs ((www cre-
tedigital. -of-

|nq awards revealed)
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Ap. Avra ABavaoconoUAou — ZEKKOU

H Ap. Avra AOavaconoUAou - Zékkou, Assistant
Professor, Department of Civil and Environmental
Engineering, University of California, Berkeley kal péAog Tng
EEEEMM napouaiaoe oTig 11 NoepBpiou 2020 Tnv 30 William
H. Mueser and Philip C. Rutledge Memorial Lecture (webinar)
pe B¢épa Liquefaction of Gravelly Soils and the Impact
on Critical Infrastructure.

This lecture honors William H.
Mueser (1900-1985) and Philip
C. Rutledge (1906-1990), for-
mer  partners of Mueser
Rutledge Consulting Engineers
(MRCE). MRCE has established
an endowment to provide fund-
ing for this lecture series. The
goal is to have nationally and
internationally known speakers
with construction experience in
foundations to deliver interest-
ing talks of practical signifi-
cance in the design and con-
struction of foundations. ASCE
Metropolitan Section.

Adda Athanasopoulos-Zekkos elected President
of USUCGER

Adda Athanasopoulos Zekkos was elected this year as Presi-
dent of the United States Universities Council on Geotechnical
Education and Research (USUCGER). USUCGER was founded
in 1985 to provide advocacy for the continued development
and expansion of high quality geotechnical engineering re-
search and education by US academic institutions. Adda will
be serving a two year term as President.

You can access USUCGER here

o3 D

Ap. Karepiva ZioTonouAou

Congratulations to

Katerina Ziotopoulou, Ph.D.,
P.E., A.M.ASCE

University of California, Davis

2021 Recipient of the
Arthur Casagrande

Arthur Casagrande Professional Development Award

This award was established by the Geotechnical Engineering
Division (now the Geo-Institute) of ASCE as a memorial to
the outstanding contributions of Arthur Casagrande, Hon. M.
ASCE, to the teaching, research, and practice of geotechnical
engineering. The award is funded by gifts from the many stu-
dents, colleagues, and friends of Arthur Casagrande. The
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award was established to provide professional development
opportunities for outstanding young practitioners, research-
ers, and teachers of geotechnical engineering. It is adminis-
tered by the Geo-Institute through the Honors and Awards
Program.
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Frempylog TQiaAAag

H Tunnelling Association of India Young Members diwpyavw-
oe webinar oTi¢ 7 NoguBpiou 2020 pe oMIANTA Tov Mewpylo
TQiaAAa, Head of Department, Underground works, Lombardi
Engineering India Pvt. Ltd. kai 8épa “RAILWAY TUNNELS -
DESIGN AND OPERATIONS - BASICS AND GENERAL".

TAlym #2020wbr11

RAILWAY TUNNELS - DESIGN AND
OPERATION - BASICS AND GENERAL

=

SPEAKER LIVE WEBINAR
Georgios Tziallas on M35 Teams

Head of Dapartmant
Undarground warks
Lombardi India

https://www.youtube.com/watch?v=0fzSrFQBCCE&fea-
ture=emb logo
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEI2

Ma TIC NaAQIOTEPEG KATAXWPNOJEIC NEPITTOTEPEG NANPOPOPIEC
unopoUv va avaidntnBolv oTa nponyoupeva TeUXn Tou
«rneplodIkoU» Kal OTIC NapaTIBEPEVEG I0TOOEANIDEG.

ASIA 2020 Eighth International Conference and Exhibition on
Water Resources and Renewable Energy Development in
Asia, 8-10 December 2020, Kuala Lumpur, Malaysia,
www.hydropower-dams.com/asia-2020

International Webinar Series on Forensic Geotechnical
Engineering, December 10, 2020 Bangalore, India,
http://tc302-issmge.com

Postponed ISGPEG 2020 International Conference on
Innovative Solutions for Geotechnical Problems in Honour of
Prof. Erol Guler, 2021, Istanbul, Turkey,

www.isgpeg2020.org/en

Online 14th Baltic Sea Geotechnical Conference 2020 Future
Challenges for Geotechnical Engineering, 18-20 January
2021, Helsinki, Finland, www.ril.fi/en/events/bsgc-
2020.html

Online Nordic Geotechnical Meeting Urban Geotechnics, 18-
20 January 2021, Helsinki, Finland,
www.ril.fi/en/events/ngm-2020.html

17" World Conference ACUUS2020 Deep Inspirations, 3-4
February 2021, wwwe.ril.fi/en/events/acuus-2020.html

XIII International Symposium on Landslides - Landslides and
Sustainable Development, 22-26 February 2021, Cartagena,
Colombia, www.scg.org.co/xiii-isl

o3

ICOLD-CIGB
2020, NEW DELHI

Sustainable Development of Dams and River Basins
24-27'* February 2021, New Delhi, India
https://icold2020.0or

The ICOLD Board has decided than INCOLD will organize the
Symposium on “Sustainable Development of Dams and River
Basins” which will take place as Hybrid event (Physical and
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virtual both) from 24-27" February 2021 at New Delhi. The
papers received for the ICOLD Symposium and APG Sympo-
sium will be presented in the INCOLD Annual event. The per-
spective authors (Foreign and Indian) are invited to partici-
pate either physically or virtually and make presentation of
their papers to share their experiences with Indian Dam Pro-
fessionals as well as with international delegates participating
in the event.

o3

2021 GEOASIA7Y - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, March 1-4, 2021, Taipei, Tai-
wan, www.geoasia7.org

This British Tunnelling Society “"BTS 2020” Conference and
Exhibition, March 2"-37, 2021, London, United Kingdom,
www.btsconference.com.

International Conference on Challenges and Achievements in
Geotechnical Engineering, 31.03.2021 - 02.04.2021, Tirana,
Albania, Erdi Myftaraga, emy@greengeotechnics.com

o3 D

,
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Nica) Engis

Second International Conference on Geotech-
nical Engineering - Iraq 2021
5- 6 Aprll 2021, Akre (Aqrah), Duhok, Iraq
baghdad.ed d h

otecheng/ |cgte

Second International Conference on Geotechnical Engineer-
ing-Iraq, 2021 (ICGE-2021) is going to be held on 5-6™ April
2021 in Akre (Agrah)/Duhok/Iraq. The conference is orga-
nized by the Iragi Scientific Society of Soil Mechanics and
Foundation Engineering (ISSSMFE) in collaboration with the
College of Engineering/University of Baghdad and Technical
Institute of Akre/Duhok Polytechnic University. The confer-
ence aims to provide a scientific platform to present and dis-
cuss the latest research and studies in geotechnical engineer-
ing and all related researches in different fields such as civil
engineering, environmental engineering, and architectural
engineering. This scientific event is a great chance for partic-
ipants from both academics and industry to meet and ex-
change the development and experiences in these fields. This
conference will be real opportunity to share new ideas and
experiences face to face, establish business or research rela-
tions, and find global partners for future collaboration.

Themes of Conference

e Geotechnical Engineering
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e Soil-Structure Interaction

e Structural Dynamics and Earthquakes

e Geoenvironmental Engineering and Sustainability
e Transportation Geotechnique and Materials

e Construction Management

e Remote Sensing and Surveying Engineering

e Environmental Engineering

e Architectural Engineering

e Water Resources Engineering

Conference Contact

Principal Contact [ssmfe.conference@gmail.com
Support Contact Issmfe.conference@gmail.com

o3

EUROENGEO 3R EUROPEAN REGIONAL CONFERENCE OF
IAEG, 8 - 12 April 2021, Athens, Greece, www.eu-

roengeo2020.0rg

Rocscience International Conference on Numerical Modelling
"The Evolution of Geotech: 25 Years of Innovation", April
20th - 21st, 2021, virtual
www.rocscience.com/learning/rocscience-conference

2nd Vietnam Symposium on Advances in Offshore Engineer-
ing - Sustsainable Energy & Marine Planning, 22-24 April
2021, Ho Chi Minh City, Vietham, https://vsoe2021.sciences-
conf.org

16th International Conference of the International Associa-
tion for Computer Methods and Advances in Geomechanics -
IACMAG - CHALLENGES and INNOVATIONS in GEOMECHAN-
ICS, 03-05-2021, Torino, Italy, WWW.SYmpo-
sium.it/en/events/2020/16th-international-conference-of-
iacmag?navbar=1

o3

9th International Symposium on Geomechanics
3 - 6 May, 2021, Medellin, Colombia

Organizer: Sociedad Colombiana de Geotecnia and Univer-
sidad Nacional de Colombia

Telephone: + 57 4 425 5146
E-mail: gaalzate@unal.edu.co

@ D

ATS 2020 AUSTRALASIA TUNNELLING CONFERENCE, 10th -
13th May 2021, Melbourne, Australia,
https://www.ats2020.com.au
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EUROGEO WARSAW 2020 7™ European Geosynthetics Con-
gress, 16-19 May 2021, Warsaw, Poland, www.eurogeo?.org

TISOLS Tenth International Symposium on Land Subsidence,
Living with Subsidence, 17-21 May 2021, Delft - Gouda, the
Netherlands, www.tisols2020.0rg/tisols2020

7th International Conference on Industrial and Hazardous
Waste Management 18 - 21 May, 2021, Chania, Crete,
Greece, http://hwm-conferences.tuc.gr

2020 CHICAGO ICTG International Conference on Transpor-
tation Geotechnics, May 23 - 26, 2021, Chicago, Illinois, USA,
http://conferences.illinois.edu/ICTG2020

Fifth International Conference on New Developments in Soil
Mechanics and Geotechnical Engineering, 27 - 29 May 2021,
Nicosia, Northern Cyprus https://zm2020.neu.edu.tr/

Joint meeting of ISSMGE TC201 and TC210, ICOLD TC E and
TC LE “Dams and Levees: Particle Movements - Case Stud-
ies, Experiments, Theory”, June, 2020, Budapest, Hungary,
www.isc6-budapest.com

6th International Conference on Geotechnical and Geophysi-
cal Site Characterization “Toward synergy at site characteri-
sation”, June 2021, Budapest, Hungary, www.isc6-buda-
pest.com

2021 ICOLD MARSEILLE - ICOLD 27th Congress - 89th An-
nual Meeting Sharing Water: Multipurpose of Reservoirs and
Innovations, 4 - 11 June 2021, Marseille, France,
https://cigb-icold2021.fr/en

International Airfield and Highway Pavements Conference,
June 6-9, 2021, Austin, Texas, USA, www.pavementsconfer-

ence.org

MSL 2021 The 1st Mediterranean Symposium on Landslides
SLOPE STABILITY PROBLEMS IN STIFF CLAYS AND FLYSCH
FORMATIONS, 7-9 June 2021, Naples, Italy,
https://medsymplandslides.wixsite.com/ms|2021

9th International Conference on Computational Methods for
Coupled Problems in Science and Engineering (COUPLED
PROBLEMS 2021), 13-16 June 2021, Sardinia, Italy, cou-
pledproblems sec@cimne.upc.edu

Rapid Excavation and Tunneling Conference RETC2021, June
13-16, 2021, Las Vegas, Nevada, USA, www.retc.org

Cities on Volcanoes 11 - Volcanoes and Society: environ-
ment, health and hazards, 14-18 June 2021, Heraklion,
Crete, https://pcoconvin.eventsair.com/volcanoesi1

EGRWSE 2020 - 3™ International Conference on Environmen-
tal Geotechnology, Recycled Waste Materials and Sustainable
Engineering, 17-19 June 2021, Izmir, Turkey,
www.egrwse2020.com

2" ICPE 2021 The Second International Conference on Press-
in Engineering, 19-21 June 2021, Kochi, Japan, https://icpe-
ipa.org/

o3
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3rd International Conference on
Discrete Fracture Network Engineering
(in conjunction with ARMA 2021)
June 23-25, Houston, Texas, USA
www.dfne2021.0org

We are very excited to present the important advances that
have occurred since the previous conference, as DFNE ap-
proaches are broadly applied in engineering, geology, and
geophysics, providing practical solutions for rock mass char-
acterization, geomechanics, and fluid flow and transport.

DFN Fundamentals

DFN Radioactive Waste Management
DFN Civil / Infrastructure

DFN Mining

DFN Oil & Gas

DFN Environmental

DFN Geothermal

DFN Induced Seismicity

@ D

1st International Conference on Sustainability in Geotech-
nical Engineering, ICSGE, 27-30 June 2021, Lisboa, Portugal,
http://icsge.lnec.pt/#

IS-Cambridge 2020 10™ International Symposium on Geo-
technical Aspects of Underground Construction in Soft
Ground, 28 June to 01 July 2021, Cambridge, United King-
dom, www.is-cambridge2020.eng.cam.ac.uk

ICONHIC2021: THE STEP FORWARD - 3rd International Con-
ference on Natural Hazards & Infrastructure, 22 - 24 June

2021, Athens, GREECE, https://iconhic.com/2021

DFI Deep Mixing, 5-8 July 2020, TBD, Gdansk, Poland,
www.dfi.org/DM2020

IT International Seminar “Tailings and Waste Rock Disposal”,
July 12 - 14, 2021, Lima, Peru, www.geoingenieria.org.pe

7th ICRAGEE International Conference on Recent Advances
in Geotechnical Earthquake Engineering and Soil Dynamics,
12-17 July 2021, Bengaluru, India, http://7icragee.org

AFRICA 2021 Water Storage and Hydropower Development
for Africa, 13-15 July 2021, Lake Victoria, Uganda, www.hy-
dropower-dams.com/africa-2021

GEOCHINA 2021 - 6™ GeoChina International Conference
Civil & Transportation Infrastructures: From Engineering to
Smart & Green Life Cycle Solution, July 19 to 21, 2021, Nan-
Chang, China, http://geochina2021.geoconf.org

PanAm Unsat 2021 3rd Pan-American Conference on Unsatu-
rated Soils, 25-28 July 2021, Rio de Janeiro, Brazil,
https://panamunsat2021.com
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37" General Assembly of the European Seismological Com-
mission, September 2021, Corfu, Greece,
www.escgreece2020.eu

ACE 2020 14% International Congress on Advances in Civil
Engineering, September 2021, Istanbul,  Turkey,
www.ace2020.org/en

XVIth International Congress AFTES 2021 Underground, a
space for innovation, 6 to 8 September 2021,
www.aftes2020.com

COMPLAS 2021 XVI International Conference on Computa-
tional Plasticity, Fundamentals and Applications, 7-10 Sep-
tember 2021, Barcelona, Spain, https://con-
gress.cimne.com/complas2021/frontal/default.asp

RMEGYV 2021 - 5th International Workshop on Rock Mechan-
ics and Engineering Geology in Volcanic Fields, 9+11 Sep-
tember 2021, Fukuoka, Japan, https://ec-conven-
tion.com/rmegv2021

SYDNEY 7iYGEC 2021 7™ International Young Geotechnical
Engineers Conference A Geotechnical Discovery Down Under,
10-12 September 2021, Sydney, Australia,
http://icsmge2021.org/7iygec

SYDNEY ICSMGE 2021 20 International Conference on Soil
Mechanics and Geotechnical Engineering, 12-17 September
2021, Sydney, Australia, www.icsgme2021.org

International Conference on Textile Composites and Inflata-
ble Structures (MEMBRANES 2021), 13-15 September 2021,
Munich, Germany, https://congress.cimne.com/mem-

branes2021/frontal/default.asp

EUROCK TORINO 2021 - ISRM European Rock Mechanics
Symposium Rock Mechanics and Rock Engineering from the-
ory to practice, 20-25 September 2021, Torino, Italy,
http://eurock2021.com

10t International Conference on Scour and Erosion (ICSE-
10), October 17-20, 2021, Arlington, Virginia, USA,
www.engr.psu.edu/xiao/ICSE-10 Call for abstract.pdf

3rd International Symposium on Coupled Phenomena in En-
vironmental Geotechnics, 20-22 October 2021, Kyoto, Japan,
https://cpeg2020.org

ARMS11 11th Asian Rock Mechanics Symposium, Challenges
and Opportunities in Rock Mechanics, 21-25 October 2021,
Beijing, China, www.arms11.com

EURO:TUN 2021 Computational Methods and Information
Models in Tunneling, October 27t" - 29t, 2021, Bochum, Ger-
many, http://eurotun2021.rub.de

(C249-0)

@0' QSE =

EMERGING TECHNOLOGIES AND
APPLICATIONS FOR
GREEN INFRASTRUCTURE

~ HA LONG. VIETNAM

28-29 October 2021, Ha Long, Vietnam
https://cigos2021.sciencesconf.or
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Since the first conference in 2010, the International Confer-
ence series on Geotechnics, Civil Engineering and Structures
(CIGOS) has firmly established its international reputation as
an important forum to attract a broad range of academics,
researchers, designers and manufacturers, in order to pro-
mote professional and high-quality exchange of research
knowledge and ideas.

The 6th edition, CIGOS 2021 co-organized by the Association
of Vietnamese Scientists and Experts (AVSE Global) and the
University of Transport Technology (UTT) in scientific collab-
oration with the National University of Civil Engineering
(NUCE) will be held in Ha Long, Vietnam on October 28 to 29,
2021.

CIGOS 2021 welcomes the submission of quality papers from
world-wide researchers, practitioners, policymakers and en-
trepreneurs with their recent advancements as well as
knowledge and experiences on various topics related to the
theme of "Emerging Technologies and Applications for
Green Infrastructure". Moreover, CIGOS 2021 particularly
aims at promoting beneficial economic partnership, techno-
logical transfers within enterprises as well as on developing
the institutional cooperation on research and higher educa-
tion.

The main topics of the conference include, but are not limited
to:

e Advanced Modeling and Characterization of Structures
(AMCS)

e Sustainable Construction Materials and Technologies
(SCMT)

e Geotechnics for Environment and Energy Efficiency
(GEEE)

Smart Technologies for Big Construction Projects (STBCP)

Architecture and Planning for Sustainable Community
(APSC)

Construction Economics and Management (CEM)
Green Transport and Environment (GTE)

BIGDATA and Data Mining (BDM)

Digital Transformation and Internet of Things (DTIT)

For any query, please contact us at cigos@avseglobal.org.

o3

5™ World Landslide Forum Implementation and Monitoring
the USDR-ICL Sendai Partnerships 2015-2015, 2-6 Novem-
ber 2021, Kyoto, Japan, http://wlf5.iplhg.org

ISFOG 2020 4th International Symposium on Frontiers in Off-
shore Geotechnics, 8 - 11 November 2021, Austin, United
States, www.isfog2020.0rg

2021 GEOASIA7 - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, November 22-26, 2021, Taipei,
Taiwan, www.geoasiaZ.org

ICGE - Colombo - 2020 3™ International Conference in Ge-
otechnical Engineering, 6-7 December 2021, Colombo, Sri
Lanka, htt icgecolombo.org/2020/index.ph

GeoAfrica 2021 - 4th African Regional Conference on Geo-
synthetics Geosynthetics in Sustainable Infrastructures and
Mega Projects, 21-24 February 2022, Cairo, Egypt,
https://geoafrica2021.org
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ICEGT-2020 2nd International Conference on Energy Ge-
otechnics, 10-13 April 2022, La Jolla, California, USA,
https://icegt-2020.eng.ucsd.edu/home

WTC 2021 World Tunnel Congress 2021 - Underground solu-
tions for a world in change, 22-28 April 2022, Copenhagen,
Denmark, www.wtc2021.dk

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

o3

CPT'22

5th International Symposium on Cone Penetra-
tion Testing
8-10 June 2022, Bologna, Italy

The Italian Geotechnical Society (AGI) and the University of
Bologna are pleased to announce the 5th International Sym-
posium on Cone Penetration Testing, CPT'22, to be held in
Bologna, Italy, on June 8-10, 2022. CPT'22, organized under
the auspices of the ISSMGE Technical Committee TC102, fol-
lows the successful symposia held in Delft, The Netherlands
(2018), Las Vegas, Nevada USA (2014), Huntington Beach,
California USA (2010) and Link6éping, Sweden (1995).

As tradition of the CPT events, which foster a lively debate
on recent advancements on cone penetration testing, the
Symposium aims at providing Researchers, Practitioners and
Contractors with a unique opportunity of sharing up-to-date
knowledge in equipment, testing procedures, data interpre-
tation and related applications, as well as discussing emerg-
ing solutions and new ideas with the largest gathering of
world’s experts, academics and non-academics, working in
the broad and dynamic area of CPTs.

Organizer

Italian Geotechnical Society (AGI) and University of Bologna
(endorsed by TC102)

Contact Information

Contact person: Susanna Antonielli (AGI),
Prof. Guido Gottardi (University of Bologna)

Email: guido.gottardi2@unibo.it,

Email: agi@associazionegeotecnica.it

(C249-0)

Eurock 2022

Rock and Fracture Mechanics in Rock Engineer-
ing and Mining
12=15 September 2022, Helsinki, Finland

Themes
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e Rock mass Characterization

e Geophysics in rock mechanics

e Mechanics of rock joints

e Jointed rock mass behaviour

e Rock support, probability based design
e Rock stress measurements

e Constitutive modelling of rock

e Rock drilling

e Blast induced fractures

¢ Rock engineering and mining education
e Geological disposal of spent nuclear fuel
e Recent advances in rock mechanics research
e Field and laboratory investigations

e Case studies

Contact Person: Lauri Uotinen
E-mail: lauri.uotinen@aalto.fi

o3

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

nia, https://3ecees.ro

o3

9th International Congress on Environmental
Geotechnics
Highlighting the role of
Environmental Geotechnics in Addressing
Global Grand Challenges
26-29 June 2022, Chania, Crete island, Greece
www.iceqg2022.0org

The 9th International Congress on Environmental Geotech-
nics is part of the well established series of ICEG. This con-
ference will be held on an outstanding resort in the town of
Chania of the island of Crete in Greece. The theme of the
conference is "Highlighting the role of Environmental Ge-
otechnics in Addressing Global Grand Challenges" and will
highlight the leadership role of Geoenvironmental Engineers
play on tackling our society's grand challenges.

Contact Information

e Contact person: Dr. Rallis Kourkoulis
e Email: rallisko@grid-engineers.com
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.
U NSAT2022 The 5% international Conferense on
Unsaturated Saits, Milos laland, Greace

UNSAT2022
8th International Conference on Unsaturated
Soils
June or September 2022, Milos island, Greece

o3 D

6th Australasian Ground Control in Mining Con-
ference - AusRock 2022
17 - 19 September 2022, Melbourne, Australia

Organizer: UNSW Sydney, AusIMM
Contact Person: Ismet Cambulat
E-mail: icambulat@unsw.edu.au

o3 D

XII ICG - 12th International Conference on Geosynthetics,
September 18 - 22, 2022, Rome, Italy, www.12icg-roma.org

28th European Young Geotechnical Engineers Conference
and Geogames, 17 - 19 September 2022, Moscow, Russia
https://t.me/EYGEC2020

(C249-0)

11t International Conference on Stress Wave
Theory and Design and Testing Methods for
Deep Foundations
20 - 23 september 2022, De Doelen, Rotterdam, The
Netherlands

https://www.kivi.nl/afdelingen/geotechniek/stress-
wave-conference-2022

The conference will cover the application of static and dy-
namic test methods to deep foundations, both driven and
cast-in-place, offshore as well as onshore. Subject matters
that will be covered include wave mechanics applications to
foundations, high strain dynamic testing, low strain integrity
testing, rapid load testing, static load testing (compression,
tension as well as bi-directional), soil-structure interaction
from dynamic, rapid and static testing, lateral testing, vibra-
tory analysis and monitoring of piles and sheet piles, and pile
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installation effects and drivability in relation to soil investiga-
tion methods.

Today’s energy transition has changed our view on deep
foundations. The drive to lower the cost of renewable ener-
gies has resulted in upscaling in volume and size. As an ex-
ample in the wind industry the turbine size has grown from 2
MW in 2000 up to 12 MW in 2020. This increase in size, in
combination with increasing water and installation depths, is
also reflected in the size of the used foundations, wich in turn
provides challenges to the installation methods.

The current diameter of the monopile foundation already
reaches 9 meter, and diameters up to 12 meter shall be com-
mon in the very near future.

Maybe even more important now than ever before is that we
strive to limit our impact on the world’s eco-system and en-
vironment. To protect the environment the industry is pushed
to come up with foundation technologies that have a low en-
vironmental impact on emissions (CO2, NOx), and also gen-
erate low (underwater) noise levels. But as cities and urban-
ized areas around the world become more densely built and
populated, not only emissions should be lowered but hin-
drance should be minimized as well to keep them livable.
Therefore buildings in urbanized environment require foun-
dation technologies that have a smaller footprint, and can be
installed with lower displacements, noise and vibrations in
the subsaoil.

The conference shall cover the effects of the above men-
tioned global trends on the deep foundations and the applied
installation technologies. The conference therefore shall dis-
cuss and demonstrate new installation technologies, soil in-
vestigation methods and other developments, and their ef-
fects (relation) on static and dynamic testing.

Themes

This conference aims to bring together engineers, educators,
researchers and practitioners to create a better understand-
ing and management of the stress wave theory as well as
design, installation and testing methods for deep founda-
tions. The following 8 themes are applicable:

e Load Testing including; High strain dynamic testing,
Rapid load testing, Axial compression, tension, and bidi-
rectional load testings, Lateral testing for conventional
installation, vibration and other methods.

e Quality assurance testing for driven and drilled deep foun-
dations, Low strain integrity testing, crosshole sonic log-
ging, thermal profiling, etc.

e Wave mechanics applications

e Soil-structure interaction for dynamic, rapid and static
testing, pile installation including novel installation tech-
niques, static resistance to driving and dynamics.

e Vibration monitoring due to dynamic effects - theory and
measurements

o Design codes and test standards for testing of deep foun-
dations

e Case studies of driven and drilled deep foundation testing

e Environmental implications

Organisation

The conference will be organized by the Dutch department
KIVI of the ISSMGE. The following contact details are appli-
cable:

Stress Wave 2022 Organizing Committee
Attn. Angelique van Tongeren

Royal Society of Engineers (KIVI)

Phone: +31 (0)70-3919890

E-mail: SW2022@Kkivi.nl
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88t ICOLD Annual Meeting & Symposium on Sustainable De-
velopment of Dams and River Basins, April 2023, New Delhi,
India, https://www.icold2020.0org
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15th ISRM

International Congress in Rock Mechanics
9+14 October 2023, Salzburg, Austria

Contact Person: Prof. Wulf Schubert
E-mail: salzburg@oegg.at
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AuTa gival Ta «KOKKIVa» onHeia ornv ATTIKA
nou... divouv KaTtoAioOnoeIg

Kakia Zkaha, TpUneg Tou KapapavAn kai MaAlakdoa, eivai
HOVO HEPIKA and Td... «KOKKIVa» onueia Tng ATTIKAG nou Ba
pnopoucav va ekdnAwBouv ek véou aivopeva kaTtoAiobn-
OEWV, ENEITA anod EVTOVEG QPUOIKEG I KAIPIKEG OUVONKEG.

Tnv avaykn va undapxel ca®ng nAnpogopia 0 NpayuaTiko
XPOVO WOTE QOPEIG Kal NOAITEG va BpiokovTal Og €TOINOTATA
ava naca oTiyun, kavel npdén n epeuvnTikn ouada Tou Anuo-
KpiTeiou MNavenioTnpiou ©pdkng HECW TNG EPEUVNTIKNG NpOTa-
ang, n onoia agopd oTnv dnuIoUpYia XapTwV KAaToAIgBnTIkoU
KivdUvou.

onwg €&nyei otov EAeUOepo TUNo o enik. KadnynTAg
ANO Nwpyog Nanabavaciou kal PEAOG TNG EPEUVNTIKAG O-
padag, «o KuplOTEPOC OKoMnOG TNG £pEUvag €ival va ouvdpa-
per Tig dnuooIeg apxEG kal e101IKOTEPA auTeG TnG Mepipéepeiag
ATTIKNG ME MIa peBodoAoyia eKTINNONG KAl MOCOTIKOMOINONG
TOU KATOAIGONTIKOU KIVOUVOU nou pnopei duvnTikd va npoku-
wel og 31apopeg BETEIC 0Ta YEWYPAPIKA Kal dIoIKNTIKA Opia
oTtnv MNepipépeia ATTIKNG».

Onw¢ onuelwvel o K. NManaBavaociou, pe dedopévo OTI oTNV AT-
TIKA g1 oxeddv 0 PITOG NANBUONOG TNG XWPAG, AuTo TNV Ka-
B10Ta NpWTN NPOKEIPNEVOU VA EPAPHOCTEI TO HOVTEAO TNG &-
pPEUVNTIKAG NPOTAONG.

MNMoIEG NEPIOXEG OHMG EXOUV EKONAMOEI KATA TO NAPEA-
00V PaIvVOHEVA KATOAICONOEWYV;

- Alaxpovikd napatnpoUeVEG aoToXieG Npavwyv oTa napdiia
TnG BA ATTIKAG (AAenoxwpl, Waba)

- OI KaTaoTPOPIKEG NANUHUPES oTn AUTIKA ATTIKN, ToV NOEU-
Bplo Tou 2017 (nepioxég Mavdpag, N. Mepdpou kal Meydpwv)
SIEBpwaoav THAKATA NPavwyv 0dwV Kal PEPATWV PE TETOIO TPO-
no, WoTe ival NoAU niBavo pecopakponpdBeopa ol diaBpw-
O€IC AQUTEC va odnyrnoouV O aoTOXIEC NPAvVMV.

- H peydAn kataoTpo®n oTtnv nepioxn MaT Tng AvaTtoAikng
ATTIKNG UNOXPEWVEI TIG apHOBIEG UNNPETIEG O PETPA AMEDNG
AvTIHETONIONG gV OWel YaAioTa KivOUvou KaToAioBnoswy, &-
3aQIK®V PoWV, BPaXOKATANTWOEWY O NEPINTWON NAPATETA-
HEVWV Kal EVTOVWV BPOXONTMOEWV.

- EvTdg Tou KUpIou aoTikoU 10ToU TnG ABrivag Kal OUYKEKPI-
péva otnv Mepipepeiakn 030 Tou ATTIKOU AAogoug (Toupko-
BouUvia) kai MNavopapaTtog (FaAaTol), diaxpovika naparnpouv-
Tal KATANTWOEIG BPaXwV HE AUETO KivOUVO OTOUG JIEPXOME-
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VouG 0dnyoug, nefoUc Kal KAaToikoug KaTavTn TwV €NITQArnV
npavov.

- ZTnv MevtéAn (n.X. NTpagi). napatnpolvTal Kata nepio-
doug aoToxiec Npavay.

- 3TOV auToKIvNTOdpouo ABrivag — @sooalovikng, oTo UWog
TNG MaAakdoag, €xel cupPei oTo NapeABoOv (1995) pia anod Tig
ONUAvTIKOTEPEG KATOAIOBNOEIC O OAN TN XWpPa.

- Eniong, o€ noAAG p£uaTa nou diaTpéxXouv Tnv ATTIKRA, napa-
TnpouvTal JIaBpWOEIG TOU HETWMNOU N KAl UNOOKAMEG OTO NOdI
TWV NPAV®V TOUG, JE AnoTEAECKA va KIVOUVEUOUV AUEDA YEIT-
vialovTeg dpooIl, EYKATAOTACEIG KAl KATOIKIEG.

S€ KABe nepinTwon, 6Nwg Tovilel 0 KabnynTng, TOCO oI SNHO-
OlEC apXEG, 00O KAl Ta ATopa nou AapBavouv anoQacelg wg
npogG TNV avTIHETWNION TOU KAToAIoBNTIKOU KIvdUVou, XpEIa-
CovTal XapTeG Nou va aneikovifouv TIG NEPIOXEC NOU PNOpPEi va
ennpeacBoUv and acToxieg NPavwy, WOTe OXI HOVO va Ang-
BoUv undyn oc ox£d1a aoTIKNG AvAnTUENG Kal OIKIOTIKNG ENEK-
Taong aAAd kai yia va xpnoigonoinBolv yia Tov oXedlaouo ek
TWV NPOTEPWV TWV ANAPAITNTWV HETPWV AVTIMETWMIONG O Ne-
PINTWOEIG dUVNTIKWV KATACTPOPWV anod €NIKEINEVEG KATOAI-
obnosic.

MeAAOVTIKOG OTOXOG TWV EPEUVNT®V €ival n dnuioupyia evog
OUOTAMATOG KATOAICBNTIK®V (alvoUEVWY oTa nAaicia evog -
NOMEVOU gpeuVNTIKOU NPOYypPAPPaToC.
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Ta 3dopéva nou AapBAvel unown n €PEUVNTIKA opada
givan:

(A) Tonoypapia (uwopeTpo, KAion, npocoavatoAlopdg npa-
VOV).

(B) TewAoyia (TUnol neTpwpdTwyv, pavdlag anocadpwong,
priyuaTa kai e1dikdTepa andaoracn and evepyd priypaTa rn nia-
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ToG-€kTaon diappnswv).
(") YdpoyewAoyia (udponepaTtdTnTa, anocTacn and notauia).

(A) Fewpoppoloyia (NaAaleg KAaTOAIGONOEIG, 1I0TOPIKO KATOAI-
0BnoEwV To oMoio €ival onuavTikn NANPogopia yia Tov Npoo-
S10pIOHO TNG KATOAIOONTIKAG €MIKIVOUVOTNTAG Kal TG dIaKIv-
duveuong).

(E) Xpnoeig 'ng kal napayovTeg avBpwnoyevoug NpogAeUong
(aAAayég xpnoswv yng, andoracn anod dpOPoUG Nou YEITVIa-
Couv pe npavr) kal oplyparta, npavr yia Kataokeuég KTIpiwy,
dikTua Udpeuong oTa onoia n diappon PMNopel va NPoKaA£coel
acToxia, Aatopeia 6rnou ol dovroeig nou AapBavouv xwpa du-
varal va npokaAéoouv KaTtoAIoBACEIC, PpAyuaTa Kal TapIgu-
TNPEG 6MNou ennpedlouv TIG USPOAOYIKEG CUVBNKEG Kal Moavov
va eNIPEPOUV TNV acToxia Npavwy Tng Aekavng KatakAuong).

(=T) ZeiopIkOTNTA (CUCXETION MEYEBOUG — OUXVOTNTAG, I0TOPI-
KOTNTA XAPTWV £VTAONG MOU OUVOEOVTal PHE KATOAIOBNOEIG).

(Z) KAhipatoAoyia (Bpoxontwan, Beppokpaaia).

H gpguvnTikKi opada anapTiferal anod Toug: Manabavaai-
ou lMwpyog enik. kKabnyntng AMO, Nkavag Oavaong dieubuv-
TNG epeuvV Mewduvapikou IvoTitouTou EAA, TaBouAdpng Ni-
KOG dp. TEXVIKOC YEwAOYoG EMI kal Tov Apyupdkn MavayioTn
unoy. dIdAKTWP.

SnUelwveTal OTI N €épeuva (Alaxeipion TnG KAToAloBNTIKNG dia-
KivdUveuong otnv MNepipépeia ATTIKAG) ouyxpnuaTodoTeiTal
and Tnv EAAGda (unoupyeio Oikovopiag kai AvanTuéng) kai
Tnv Eupwnaikn Evwon (Eupwnaikd Koivwvikd Taueio), HEow
Tou Emixeipnoiakou Mpoypdupatog ANAMNTY=H ANOPQMNINOY
AYNAMIKOY, EKMAIAEYZH & AIA BIOY MAGHZH yia Tnv Mpd-
En pe TITAO «YNOOTNPIEN €PEUVNTWV HE EUPACN OTOUG VEOUG
€pEUVNTEG-KUKAOG B'» (M.I.S. 5050327).

(Mapiva ZunvnTou / B2G, 19/11/2020,
https://www.b2green.gr/el/post/85579)

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020 ZgAida 50


https://www.b2green.gr/el/post/85579/
https://www.therobbinscompany.com/galerie-des-janots-paper/
https://www.therobbinscompany.com/galerie-des-janots-paper/
https://www.therobbinscompany.com/norway-hydropower/
https://www.therobbinscompany.com/norway-hydropower/

ENAIAG®EPONTA -
2EI>MOI

Aftershocks are fluid-driven and decay rates
controlled by permeability dynamics

Stephen A. Miller

Abstract

One aspect of earthquake physics not adequately addressed
is why some earthquakes generate thousands of aftershocks
while other earthquakes generate few, if any, aftershocks. It
also remains unknown why aftershock rates decay as
~1/time. Here, I show that these two are linked, with a
dearth of aftershocks reflecting the absence of high-pressure
fluid sources at depth, while rich and long-lasting aftershock
sequences reflect tapping high-pressure fluid reservoirs that
drive aftershock sequences. Using a physical model that cap-
tures the dominant aspects of permeability dynamics in the
crust, I show that the model generates superior fits to obser-
vations than widely used empirical fits such as the Omori-
Utsu Law, and find a functional relationship between after-
shock decay rates and the tectonic ability to heal the co- and
post-seismically generated fracture networks. These results
have far-reaching implications, and can help interpret other
observations such as seismic velocity recovery, attenuation,
and migration.
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Citation: Miller, S.A. Aftershocks are fluid-driven and decay
rates controlled by permeability dynamics. Nat Commun 11,

5787 (2020). https://doi.org/10.1038/s41467-020-19590-
3.

(Nature / Nature Communications, Volume 11, Article
number: 5787 (2020), 13 November 2020,
https://www.nature.com/articles/s41467-020-19590-3 #ci-
teas)
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Devonian, Silurian and Cambro-Ordovician
Layers

Satellite image of a part of the Pigiang Fault (China), a
northwest trending strike-slip fault that runs roughly per-
pendicular to the thrust faults for more than 70 kilometers.
The reddish, greenish and brownish bands are continental
Devonian sandstones, Silurian deeper marine sediments
and Cambro-Ordovician limestones, respectively. They form
one of several parallel ridges (up to 1200 m high) which all
are composed of the same stack of rocks and belong to the
Keping Shan thrust belt immediately south of the Southern
Tien Shan Mountains. (Photo: NASA Earth Observatory)
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Here's What'll Happen When Plate Tectonics
Grinds to a Halt

A new study says we may only have another 1.45 bil-
lion years to enjoy the dynamic action of Earth’s geo-
logic engine.

B -

The Pu'u o Maui cinder cone is part of a dormant volcano in
Haleakala National Park on Maui, Hawai.

There’s no geological artist quite like Earth’s plate tectonics.
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Thanks to this ongoing operation, we have mountains and
oceans, terrifying earthquakes, incandescent volcanic erup-
tions, and new land being born every single second.

But nothing lasts forever.

Eventually, the mantle will cool to such an extent that this
planetwide conveyor belt will grind to a halt. At that point,
you can say farewell to the carbon cycle, as well as the con-
stant reshaping and reshuffling of landmasses that have been
big drivers of evolution over eons.

Quiming Cheng, a mathematical geoscientist and president
of the International Union of Geological Sciences, is the latest
to take on the prophetic role of predicting when this bleak
day may arrive. He calculates that the shutdown will arrive
in about 1.45 billion years. That's well before the sun is ex-
pected to swell into a red giant and consume us in its death
throes roughly 5.4 billion years from now.

The study, published this month in Gondwana Research, has
provoked controversy, and some experts argue that we can
never accurately predict the end of plate tectonics. But sci-
entists largely agree that such an end will arrive one day,

putting Earth on a path to a geologic standstill.

So, what will our home world be like when those major plan-
etary processes give up the ghost?

Tectonic Jigsaw

Figuring that out means first understanding how plate tec-
tonics work. Earth was born 4.54 billion years ago in the
pyres of the early solar system. Once entirely molten, the
heat generated by its formation and radioactive materials in
the rock began to escape. As the planet cooled, Earth settled
into its current layered structure, with a dense inner iron
core, a liquid outer core, and a brittle upper mantle and crust
sandwiching the hot, plastic-like rock of the lower mantle.

Anywhere between 600 million and 3.5 billion years ago,
slabs made of the crust and upper mantle-collectively known
as the lithosphere-became cold and dense enough to be able
to sink into the lower mantle, kicking off the era of plate tec-
tonics. The lithosphere became divided into a jigsaw puzzle
of plates that are constantly jostling across the planet’s sur-
face, driving geological action above and below the oceans.

At mid-ocean ridges, mantle material rises, decompresses,
and triggers profuse melting, creating oceanic lithosphere.
The colder and denser edges of the slabs help pull this litho-
spheric plate away from these ridges and down into the
depths. They usually dive beneath a less dense oceanic or
continental plate in a process known as subduction. This ac-
tivity generates explosive volcanoes and fresh crust at the
surface.

When two continental slabs collide, they buckle, and moun-
tain ranges like the Alps or the Himalaya form. Upwelling
mantle plumes can sometimes appear beneath continental or
oceanic slabs, and this ever-moving center of melting creates
chains of volcanoes.

At some point, though, the mantle will cool to such an extent
that the slabs can no longer sink into it, and several studies
have attempted to predict when this will transpire.

Cheng’s new paper uses mathematical models to estimate
how fast the mantle is cooling, based on what we know about
the intensity of the planet’s magmatic activity from three bil-
lion years ago to now. That, he says, gives us a first-order
estimate of when plate tectonics will end.

On the Path to Stillness
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Regardless of the precision of this figure, plate tectonics will
inevitably perish, says Ken Hudnut, a research geophysicist
working with the United States Geological Survey. When that
day arrives, it “may well be the end of the world as we know
it.”

Earth would likely enter a single lid regime, a completed jig-
saw of titanic slabs that will no longer drift or sink. Mountain
building will stop, but Earth will still have an atmosphere, so
erosion by wind and waves will shave down the mighty peaks
to hilly plateaus. Eventually, much of the flattened continents
will be underwater.

Subduction zones will no longer exist, so while earthquakes
will still happen every now and then, truly earthshattering
events above magnitude 7 or so will be consigned to history.
At the same time, much of the world’s explosive volcanism
would be extinguished—although volcanoes would not be en-
tirely snuffed out.

Mars, a world of failed plate tectonics, did manage to forge
some impressive volcanic features, including Olympus Mons,
the largest volcano in the solar system. Without moving
plates, a long-lived upwelling mantle plume focused plenty of
crustal melting on that one single spot.

While the mantle of future Earth remains warm enough to
convect and partially melt, we would get similar but scattered
stationary hot spots of plume-driven volcanism. We would
never get anything as large as Olympus Mons on Earth, as
our gravitational field is too strong, and anything that mas-
sive and tall would simply sink into the crust. Instead, our
voluminous volcanoes would be flatter and far more spread
out.

And as happens today, parts of the lower lithosphere would
continue to peel off and fall into particularly hot parts of the
mantle. This would cause mantle material to rise in its place,
pushing up the crust and forming isolated mountain ranges
and associated basins. This activity would cause minor earth-
quakes and maybe even additional pockets of volcanism.

“These are the processes that shape Venus' surface,” says
Robert Stern, a plate tectonics expert at the University of
Texas at Dallas, referring to another world without fully-func-
tioning plate tectonics. But eventually, as cooling continues,
those mechanisms will also cease to be, and the planet’s final
volcanic lights will be snuffed out. The mantle will be rela-
tively frigid, and Earth will “become a dead planet, like Mer-
cury,” he says.

Perhaps just before it does, Earth’s liquid core will cool
enough to end convection, causing the planet’s protective
magnetic field to fail. The sun’s stream of energetic particles
will strip away our atmosphere, and its expansion will boil
away the oceans.

“There is not a lot to look forward to after plate tectonics’
demise,” Hudnut says. The planet will just keep getting flatter
and more boring, he predicts, until “Earth splashes into
what'’s left of the sun.”

Prophets of Plate Tectonics

Other researchers have come up with different plate tectonic
death dates. One 2016 study used extremely detailed but
simplified computer simulations to put the end date at five
billion years, roughly around the time of the sun’s demise.

Another 2008 paper used evidence of past plate tectonic ac-
tivity to suggest that plate tectonics are intermittent. Its au-
thors predict that the next major pause will take place 350
million years from now, when the Pacific Ocean closes and its
many subduction zones deactivate.
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“The question is a good one, and yes, it will end eventually,”
says Stern. However, he fundamentally disagrees with the
new study’s reasoning. "I don't believe any estimated time of
death for plate tectonics,” he says.

Christopher Scotese, an emeritus plate tectonics specialist at
the University of Texas at Arlington, suggests that the paper
shouldn’t have focused on mantle cooling. Instead, it should
have based its efforts on the slab pull mechanism, because
“slab pull rules.”

Instead of a gradual slowdown, Scotese predicts that plate
tectonics will be invigorated during the next one to two billion
years, before the conveyor belt ends. He reasons that as the
mantle heat flow diminishes, the slabs will become extremely
cool and dense, allowing them to subduct faster.

Hudnut notes that predicting any future geophysical events
is, even in the short term, “challenging beyond current hu-
man capabilities.” Despite this, he emphasizes that it's good
to think ahead. And while none of the predictive papers are
perfect, they do highlight the complexity of the subject mat-
ter and where there are intriguing gaps in our knowledge of
how our own home planet operates.

The wildly differing models “help clarify our ideas about why
plate tectonics happen in the first place,” Scotese says.
“There may be things we figure out about the future that can
be applied to the past.”

(Robin George Andrews / NATIONAL GEOGRAPHIC, August
29, 2018, https://www.nationalgeographic.com/sci-
ence/2018/08/news-happens-plate-tectonics-end-earth-

mountains-volcanoes-geology/)
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Ancient fragment of the Pacific Ocean found
buried 400 miles below China

Scientists have identified an old piece of the Pacific Ocean -
the ancient remains of its long-ago seabed - extending hun-
dreds of miles underneath China, as it is pulled downward
into Earth's mantle transition zone.

This rocky slab that used to line the bottom of the Pacific is a
relic of the oceanic lithosphere, the outermost layer of Earth's
surface, composed of the crust and the solid outermost parts
of the upper mantle.

The lithosphere isn't always destined to enjoy the views up
top, however. The upper surface layer is composed of several

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020

fragmented tectonic plates, which slowly move and shift
around at the surface, occasionally running into each other.

During these collisions, a geological process called subduc-
tion can occur, where one plate gets forced under the other
at subduction zones, and ends up being driven ever deeper
into the planet.

In a new study, scientists from China and the US have now
witnessed this epic phenomenon taking place at greater
depths than ever before observed.

reraas Cng & Japan £aa A& Spar mnd

The scientists discovered the ancient remains of a long-ago
seabed - extending hundreds of miles underneath China in
Earth's mantle transition zone. (Image credit: CHEN Qifu's

group)

Prior to this, scientists had recorded subducting slabs probing
the boundaries at depths of about 200 kilometers (roughly
125 miles).

Now, thanks to giant network of over 300 seismic stations
spread around northeastern China, researchers were able to
see the event at a much lower point, imaging parts of the
tectonic plate that used to lie under the Pacific Ocean being
pushed into the mantle's mid-level transition zone, at depths
ranging between 410-660 kilometers (254-410 miles) below
Earth's surface.

To interpret the sinking slab, the team identified two seismic
velocity discontinuities, regions far underground where seis-
mic waves encounter anomalies. In this case, two anomalies
were encountered, which the team says related to both the
top and bottom sides of the plunging plate.

"Based on detail seismological analyses, the upper disconti-
nuity was interpreted to be the Moho discontinuity of the
subducted slab," says geophysicist Qi-Fu Chen from the Chi-
nese Academy of Sciences.

"The lower discontinuity is likely caused by partial melting of
sub-slab asthenosphere under hydrous conditions in the sea-
ward portion of the slab."

While the plate's subduction can be seen in process below
China, the subduction zone itself lies far to the east, with the
slab being angled at a relatively shallow 25-degree angle
downwards.

"Japan is located about where the Pacific plate reaches
around 100-kilometre depths," says seismologist Fenglin Niu
from Rice University.

Thanks to the new imaging, scientists are getting a better
idea of what happens to a subducted slab when it reaches
this part of the transition zone, including how deformed it
gets, and how much water content it loses from its oceanic
crust.
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"A lot of studies suggest that the slab actually deforms a lot
in the mantle transition zone, that it becomes soft, so it's
easily deformed," Niu says.

"We are still debating whether this water is totally released
in that depth. There is increasing evidence that a portion of
the water stays inside the plate to go much, much deeper."

The findings are reported in Nature Geoscience.

This article was originally published by ScienceAlert. Read the
original article here.

(Peter Dockrill - ScienceAlert, 18.11.2020,
https://www.livescience.com/ancient-fragment-of-pacific-
ocean-under-china.html)

Distinct slab interfaces imaged within the man-
tle transition zone

Xin Wang, Qi-Fu Chen, Fenglin Niu, Shengji Wei,
Jieyuan Ning, Juan Li, Weijun Wang, Johannes
Buchen and Lijun Liu

Oceanic lithosphere descends into Earth’s mantle at subduc-
tion zones and drives material exchange between Earth’s sur-
face and its deep interior. The subduction process creates
chemical and thermal heterogeneities in the mantle, with the
strongest gradients located at the interfaces between sub-
ducted slabs and the surrounding mantle. Seismic imaging of
slab interfaces is key to understanding slab compositional
layering, deep-water cycling and melting, yet the existence
of slab interfaces below 20000km remains unconfirmed. Here,
we observe two sharp and slightly dipping seismic disconti-
nuities within the mantle transition zone beneath the western
Pacific subduction zone that coincide spatially with the upper
and lower bounds of the high-velocity slab. Based on a multi-
frequency receiver function waveform modelling, we found
the upper discontinuity to be consistent with the Mohorovici¢
discontinuity of the subducted oceanic lithosphere in the
mantle transition zone. The lower discontinuity could be
caused by partial melting of sub-slab asthenosphere under
hydrous conditions in the seaward portion of the slab. Our
observations show distinct slab-mantle boundaries at depths
between 410 and 6600km, deeper than previously observed,
suggesting a compositionally layered slab and high water
contents beneath the slab.

(Nature Geoscience (2020), 09 November 2020,
https://www.nature.com/articles/s41561-020-00653-5)

@ D

TekTOVIKEG SUVapEIG diaAUouv To vhoi ThGg Mada-
Yaokapng

To €EWTIKO vNoi BPiOKETAI OTA OPIA TEKTOVIK®OV NAAK®OV
nou anopgakpuUvovTdal N pia and Tnv aAAn

'HTav npiv and nepinou 200 ekatoupUpla xpdvia oTav n une-
prneipog TnG MNayyaiag apyioe va ondel o€ KOPUATIA KAl va
divel Tn B€on TNG OTIC NREipoug Nou yvwpiloupe onuepa. H
idla diadikaoia guveyileTal OUWG PEXPI ONUEPA OTNV aAvaTo-
AIKR AQpIKD).
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SUNQWVA PAAoTa YE TNV TeEAeuTaia YEAETN yia To B€ua, n Te-
KTOVIKN avadiata&n @Tavel péExpl To vnoi TnG Madayaokapng
oTov Iv3iko Qkeavod, To onoio Wia pépa Ba XwpIoTei o€ TOUAA-
XI0TOV Tpia KoppdaTia.

To PeYaAUTEPO PEPOC TNG CNUEPIVAG APPIKNG edpaleTal aTnv
agpikavikn TeKToVIKR nAdka, n onoia OpwG BpiokeTal o€ dia-
dikaagia diaonacng: To avaToAIKO KOHUMATI TNG, YVWOTO WG
nAdka Tng ZopaAiag, €xel apxioel va KIVEiTal Npog Ta avaToAi-
Kd, Mia YeTaTonion nou TeAIKG Ba Xwpiosl Ta KpATn TNG ava-
TOAIKNG AQpIkng and Tnv undAoinn nneipo.

Mépa OpwG anod Tnv KeVTPIKH a@pikavikn nAdka (n nAdka Tng
NouBiag) kal Tnv nAdka TnG ZopaAiag, yia nAndwpa WIKpOTE-
pwv AIBOO@AIpIKWV NAAKWV EUNAEKETAI OTIG TEKTOVIKEG AAAA-
YEC TNG avaToAIkNG AQpPIKNAG.

«OI NepIoCOTEPEC NPONYOUHEVEG HEAETEG unedeikvuav OTI N &-
NEKTAon evTonifeTal PoOvol o€ OTevEG {WVeG YUPW and TEKTO-
VIKEG MIKPOMAGKEG Ol OMOIEG KIvoUvTal aveEapTnTa ano TIG Je-
YAAeG NAGKeG» avagEépel n £apa STapng Tou TexvoAoyikou Iv-
oTitoUTOU TNG BipTlivia, nepIcooTEPO yvwaoToU w¢ Virginia
Tech.

H STaung kal ol ouvepyaTeg TNG AVATPENOUV TwPaA auTn TNV
€IKOVa PE PEAETN TOUG Mou dNUOCIEUETAl OTNV £YKPITN €MIBe-
wpnon Geology.

H opada Tng ZTaung, oTnv onoia CUPHETEIXAV ouvadeApoi TG
otnv MopToyaAia aAAG kal oTto Avtavavapifo, npwTelouca
TnG Madayaokdapng, BacioTnke o€ HETPAOEIG and nounoug GPS
nou AsiToupyoUv TNV avatoAlkn AQpikn, Tn Madayaokapn
kal diagopa aiia vnoid Tou Ivaikou.

H avdAuon Twv PHETPACEWVY KAl TA UNOAOYIOTIKA HOVTEAA Mou
Xpnoiponoinoav ol epeuvnTéG €dei€av OTI N diadikacia diaona-
ong €ivail nio nepinAokn kai KaAUNTel geyaAUTepn ektaon anod
0,TI €iX€ ekTIUNBEi WG onuepa.

H €EwTikr Madayaokdapn, ava@EPouV ol EPEUVNTEC, BPIioKETal
OTO avAaTOAIKO AKPO HIAG TEKTOVIKA EVEPYNG MEPIOXNG MOU EXEI
nAGTog 600 XINIOMETPA Kal PTAVEI JUTIKA MEXPI TO EOCWTEPIKO
NG AQPIKNG.

OAOKANpo TO vnai éxel apyioel va diaonaTal, kabwg To VOTIo
TUAMA KiveiTal gadi ge TRV JIKponAdka Tou AoUdvTA, eve To
KEVTPIKO TUAHA akoAouBei Tnv nAdka Tng ZopaAiag. To uno-
AOIMNO TOU vNoloU NapagoppwVveTdl KaBwc auta Ta dUo TUAua-
Ta anopakpuvovTal To €va anod To dAAo,

H peAéTn ouoiaoTikd B€Tel véa Opia yia TNV HIKPONAAGKA Tou
AoUAGVTA Kal TNV NAAKa TnG SopaAiag, KaTi nou cUNQWVA PE
TOUG EPEUVNTEG €XEl KPIOIUN Onuagia yia Tnv Katavonon Tng
OUMNEPIPOPAG TV AIBOCPAIPIK®V NAAKDV.

H Madayaokdapn, navtwg, dev NpOKeITAl va ONACEl O€ KOPPA-
Tia ouvToa.
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'Onwg A€el n ZTapng, «o pubpog Tng didonaong dev unepBaivel
Ta PEPIKA XIAIOOTA TOoV Xpbdvo, ondTe Ba NEPAGOUV EKATOUMU-
pla Xpovia npiv oxnUaTioToUV VEOI WKEAVOI».

'OTav auto oupBei, Opwg, N Madayaokapn 6a nawel va unap-
XEl, ONWG OUVERN Kal Je 0AOKANpN TNV unepnneipo Tng MNay-
yaiag.

e auTtdv Tov NAAvATn, TinoTa dev PEVEl yia NavTa.

(BayyeAng MpaTikakng / in.gr, 16 NoguBpiou 2020,
https://www.in.gr/2020/11/16/b-

science/episthmes/tektonikes-dynameis-dialyoun-nisi-tis-

madagaskaris/)

Redefining East African Rift System kinematics

D.S. Stamps, C. Kreemer, R. Fernandes, T.A. Ra-
jaonarison, G. Rambolamanana

East African Rift System plate geometries and surface mo-
tions are some of the least constrained in the context of
global plate motion models. In this study, we used GPS data
to constrain Somalian plate rotation and to suggest a new
tectonic plate geometry for the region. In addition, we tested
geologic data from the Southwest Indian Ridge and new GPS
data on Madagascar to determine refined kinematics of the
Lwandle microplate. A zone of broad deformation was discov-
ered, extending from the eastern boundary of the Rovuma
microplate, across the Comoros Islands, and including parts
of central and northern Madagascar. Madagascar is frag-
menting, with southern Madagascar rotating with the Lwan-
dle microplate and a piece of eastern and south-central Mad-
agascar moving with the Somalian plate. Divergence of the
Nubian-Somalian plate system across the East African Rift
System involves both diffuse deformation and strain accom-
modation along narrow rift segments that bound rigid blocks.

https://doi.org/10.1130/G47985.1

(GeoScienceWorld / Geology (2020) / RESEARCH ARTI-
CLE| SEPTEMBER 23, 2020, https://pubs.geoscience-
world.org/gsa/geology/article-ab-
stract/doi/10.1130/G47985.1/591119/Redefining-East-Afri-

can-Rift-System-kinematics?redirectedFrom=fulltext)
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Santorini Volcano History

SANTORINI

THROUG HUTHE AGE <

https://vimeo.com/113042536

Based on researches from several scientists, institutes and
universities. Made by Nikos Korakakis. Music by Ross Bugden
(youtube). After Effects, Photoshop, Illustrator
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ZUYKAOVIOTIKEG EIKOVEG oTn Xapdn

https://www.facebook.com/ubitravels/videos/20441457759
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Offshore submarine freshwater discovery raises
hopes for islands worldwide

=)

Fresh groundwater onshore-to-offshore transport mecha-
nism.

Twice as much freshwater is stored offshore of Hawai'i Island
than was previously thought, according to a University of Ha-
wai'i study with important implications for volcanic islands
around the world. An extensive reservoir of freshwater within
the submarine southern flank of the Hualalai aquifer has been
mapped by UH researchers with the Hawai'i EPSCoR 'Tke Wai
project. The groundbreaking findings, published in Science
Advances, reveal a novel way in which substantial volumes
of freshwater are transported from onshore to offshore sub-
marine aquifers along the coast of Hawai'i Island.

This mechanism may provide alternative renewable re-
sources of freshwater to volcanic islands worldwide. "Their
evidence for separate freshwater lenses, stacked one above
the other, near the Kona coast of Hawai'i, profoundly im-
proves the prospects for sustainable development on volcanic
islands," said UH Manoa School of Ocean and Earth Science
and Technology (SOEST) Dean Brian Taylor.

Paradigm shift

Through the use of marine controlled-source electromagnetic
imaging, the study revealed the onshore-to-offshore move-
ment of freshwater through a multilayer formation of basalts
embedded between layers of ash and soil, diverging from
previous groundwater models of this area. Conducted as a
part of the National Science Foundation-supported 'Tke Wai
project, research affiliate faculty Eric Attias led the marine
geophysics campaign.

"Our findings provide a paradigm shift from the conventional
hydrologic conceptual models that have been vastly used by
multiple studies and water organizations in Hawai'i and other
volcanic islands to calculate sustainable yields and aquifer
storage for the past 30 years," said Attias. "We hope that our
discovery will enhance future hydrologic models, and conse-
quently, the availability of clean freshwater in volcanic is-
lands."

Co-author Steven Constable, a professor of geophysics at the
Scripps Institution of Oceanography, who developed the con-
trolled source electromagnetic system used in the project,
said, "I have spent my entire career developing marine elec-
tromagnetic methods such as the one used here. It is really
gratifying to see the equipment being used for such an im-
pactful and important application. Electrical methods have
long been used to study groundwater on land, and so it
makes sense to extend the application offshore."

Kerry Key, an associate professor at Columbia University who

employs electromagnetic methods to image various oceanic
Earth structures, who not involved in this study, said, "This
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new electromagnetic technique is a game changing tool for
cost-effective reconnaissance surveys to identify regions con-
taining freshwater aquifers, prior to more expensive drilling
efforts to directly sample the pore waters. It can also be used
to map the lateral extent of any aquifers already identified in
isolated boreholes."

Two-times more water

Donald Thomas, a geochemist with the Hawai'i Institute of
Geophysics and Planetology in SOEST who also worked on
the study, said the findings confirm two-times the presence
of much larger quantities of stored groundwater than previ-
ously thought.

"Understanding this new mechanism for groundwater...is im-
portant to better manage groundwater resources in Hawai'i,"
said Thomas, who leads the Humu‘ula Groundwater Research
project, which found another large freshwater supply on Ha-

wai'i Island several years ago.

Offshore freshwater systems similar to those flanking the
Hualalai aquifer are suggested to be present for the island of
O'ahu, where the electromagnetic imaging technique has not
yet been applied, but, if demonstrated, could provide an
overall new concept to manage freshwater resources.

The study proposes that this newly discovered transport
mechanism may be the governing mechanism in other vol-
canic islands. With offshore reservoirs considered more resil-
ient to climate change-driven droughts, volcanic islands
worldwide can potentially consider these resources in their
water management strategies.

This project is supported by the National Science Foundation
EPSCoR Program Award OIA #1557349.

Story Source:

Materials provided by University of Hawaii at Manoa.
Journal Reference:

Eric Attias, Donald Thomas, Dallas Sherman, Khaira Ismail
and Steven Constable. Marine electrical imaging reveals

novel freshwater transport mechanism in Hawai'i. Sci-
ence Advances, 2020 DOI: 10.1126/sciadv.abd4866

(Science Daily, November 25, 2020, https://www.science-

daily.com/releases/2020/11/201125154829.htm)

Marine electrical imaging reveals novel fresh-
water transport mechanism in Hawai'i

Eric Attias, Donald Thomas, Dallas Sherman, Khaira
Ismail and Steven Constable

Abstract

Conventional hydrogeologic framework models used to com-
pute ocean island sustainable yields and aquifer storage ne-
glect the complexity of the nearshore and offshore submarine
environment. However, the onshore aquifer at the island of
Hawai'i exhibits a notable volumetric discrepancy between
high-elevation freshwater recharge and coastal discharge. In
this study, we present a novel transport mechanism of fresh-
water moving from onshore to offshore through a multilayer
formation of water-saturated layered basalts with interbed-
ded low-permeability layers of ash/soil. Marine electromag-
netic imaging reveals ~35 km of laterally continuous resistive
layers that extend to at least 4 km from west of Hawai'i’s
coastline, containing about 3.5 km3 of freshened water. We
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propose that this newly found transport mechanism of fresh
groundwater may be the governing mechanism in other vol-
canic islands. In such a scenario, volcanic islands worldwide
can use these renewable offshore reservoirs, considered
more resilient to climate change-driven droughts, as new wa-
ter resources.

Science Advances 25 Nov 2020: Vol. 6, no. 48, eabd4866
DOI: 10.1126/sciadv.abd4866

(https://advances.sciencemag.org/content/6/48/eabd4866)

(C249-0)

Geologists assess debris flow risk in Santa Cruz
Mountains

History could tell story of future disasters

: B S E i \ g
California Geological Survey Geologist David Longstreth

stands in a historic debris flow, pondering the conditions
that triggered the mass of soil, boulders and water to move.

Past dozens of burned playsets, cars and properties where all
that remains is a single chimney, lies a geologic relic. Where
most would see a mishmash of jumbled boulders, California
Geological Survey scientists spot a debris flow.

“Geology tends to repeat itself,” David Longstreth said, an
engineering geologist with the California Geological Survey.

This Boulder Creek debris flow occurred around 40 years ago,
according to Longstreth. Measuring by geologic time, which
spans more than 4.9 billion years, the historic flow is mere
seconds in time.

“Debris flows tend to occur in the same location over and
over, so we're thinking another one could come here,” Long-
streth said.

Investigating historic debris flows is paramount to get insight
on which areas of Santa Cruz County could be at risk this
coming winter and beyond. California Geological Survey sci-
entists working with Santa Cruz County, and the U.S. Geo-
logical Survey, are tracking what triggers debris flows using
drones, rain gauges and cameras.

‘They’re everywhere’
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Past a "DEBRIS FLOW HAZARD” sign on Highway 9 where
work crews are clearing culverts in preparation for the rainy
season, Longstreth spots another.

“Once your eyes get tuned in and you're driving around here,
you start seeing debris flows everywhere,” Longstreth said.

Historic debris flows underlie Boulder Creek, Brookdale and
Ben Lomond roads, homes and businesses. It takes a trained
eye to “see” these hidden deposits. To find them, Longstreth
and other scientists scan satellite maps.

Longstreth estimates that the most ancient debris flows along
the Highway 9 corridor could be more than 2 million years
old.

That flow history, combined with relatively high rainfall rates,
as well as steep slopes that drain into creeks and rivers near
densely populated areas, are some of the factors that make
the Santa Cruz Mountains vulnerable, Longstreth said.

“There is a huge risk for debris flows here,” Longstreth said.

The CZU August Lighting Complex fire also stripped many of
those slopes of trees, shrubs and root systems that armor
landscapes from debris flows and floods. During a storm, that
means more water will runoff and quickly accumulate in
streams.

California Geological Survey scientists David Longstreth and
Alex Morelan walk up Big Creek, searching for ancient de-
bris flows.

The CZU Complex fire, ignited by lightning on Aug. 16,
burned more than 86,500 acres in Santa Cruz and San Mateo
counties. In Santa Cruz County alone, 911 homes were de-
stroyed in the blaze.

For the last month, the California Geological Survey has been
on the ground examining ancestral debris flows and setting
up monitoring gear. It's been a seven-day-a-week job, Long-
streth said.

“We're exhausted, everyone in our department, has been
working at breakneck speed to try to get everything imple-
mented,” Longstreth said.

Desperate for data
Debris flows are fast-moving slurries of rock, soil and sedi-

ment carried in water, according to Amy East, a U.S. Geolog-
ical Survey researcher collaborating with Longstreth.
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“They're so powerful, large debris flows pick up boulders, cars
and can absolutely destroy a house very quickly,” East said.

While some debris flow monitoring sites are near residential
areas, in Swanton, or off of Highway 9, others are in more
remote places. Debris flows that are smaller in size, or hap-
pen in rugged areas, often don’t cause such destruction and
aren’t recorded. Those flows can also be more challenging to
track, but are equally important to investigate, East said.

Near the merging of Berry Creek and Big Creek, lie historic
debris flows. This area was badly burned in the CZU August
Lighting Complex fire.

Monitoring and studying debris flows at large in Northern Cal-
ifornia is a relatively new science. Most post-fire debris flow
studies have been done in the southern part of the state.

East and other geologists want to understand what level of
rainfall triggers debris flows in different regions of Santa Cruz
County. Tracking the level of rainfall that triggers a flow is
crucial for emergency planning efforts.

“Having the timing, and knowing what rain conditions were
going on when the debris flow happened, will eventually
guide evacuation protocols for this area,” East said.

East and Longstreth with the California Geological Survey
have set up rain gauges and cameras at more than a dozen
sites around the CZU Complex burn scar.

“We're desperate to get data from Northern California,” Long-
streth said.

Drones take flight

On the western side of the CZU Complex burn scar, California
Geological Survey scientists are investigating a severely
burned area near Swanton. Longstreth and colleague Alex
Morelan walk along Big Creek, past charred redwoods and
downed pines. Longstreth points out loose sandy soil and
broken up rock that litters the hillslopes.

“That mud, sand and silt is what’s providing the mass in a
debris flow,” Longstreth said. “It’s like a locomotive coming
down and pushing the boulders in front of it.”

Those boulders are what pummel houses, destroy infrastruc-
ture and kill people. They can range from a couple of feet in
diameter, to the size of a car, weighing up to a couple of tons.
In the 1982 Love Creek landslide and mudflow, 22 residents
were killed and nine homes were destroyed. The natural dis-
aster remains the deadliest in modern Santa Cruz County his-
tory.
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The geologists are once again searching for a symptomatic
jumble of boulders, sand and soil. At the confluence of Berry
Creek and Big Creek, they find multiple ancestral debris
flows.

Part of the team’s monitoring work includes taking drone sur-
veys.

“These surveys will help us make a more quantitative check
on whether a debris flow did or didn’t happen,” Morelan, a
geologist with the California Geological Survey, explained.
Morelan also has a Federal Aviation Administration commer-
cial drone pilot’s license.

It's crucial to finish these surveys prior to the rainy season.
Historically that wet season runs from November to May.
During that time, the Santa Cruz County area might see an-
ywhere from 23 inches to more than 30 inches of rain.

Alex Morelan, a geologist with the California Geological Sur-
vey, flies a drone on top of an ancient debris flow.

Between thin trunked patches of doug firs, and tan oaks Mo-
relan has a narrow path — it’s tricky flying here, he said.

The flight lasts about 30 minutes, and Morelan takes hun-
dreds of photos that will be transformed into a 3D model of
the debris flow.

The team is training Colleen Murphy, a UC Santa Cruz geol-
ogy graduate student researcher, who's also a drone pilot.
After storm events, Murphy will fly at these same monitoring
sites and take images.

That post-storm flight will be compared to the baseline drone
surveys Morelan’s completed - using that data the scientists
will be able to quantify the volume of boulders, sediment and
woody debris that moved in a flow.

Murphy says she and the other scientists will track boulder
and water level movement at these observation sites, as well
as watch if a stream becomes cloudy, or muddy looking.
They’ll also be monitoring nearby culverts and bridges.

“A lot of what we know about debris flows has come from
Southern California,” Murphy said. “Because of different to-
pography, vegetation, climate, the threshold that triggers a
catastrophic debris flow down there, might be different than
thresholds in Santa Cruz.”

Tracking any changes at these historic debris-flow sites dur-
ing the winter will help Murphy and other geologists under-
stand what conditions create flows across Santa Cruz County.
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In the long term, this data could also aid officials in making
more precise evacuation decisions.

“You can't cry wolf,” said the U.S. Geological Survey’s East.

“Evacuations are costly, they’re risky for people that have a
hard time moving, like in a nursing home,” East said. The
COVID-19 pandemic further complicates evacuations.

Emergency planners must tow a challenging line, East said.
If orders are issued often, residents could tire of heeding no-
tices and get evacuation fatigue.

“You also don’t want to go the other way and tell people you
probably don’t need to evacuate, and then there’s a January
2018 Montecito situation,” East said, referencing the Santa
Barbara County debris flows that killed 20 people.

If the USGS or California Geological Survey scientists confirm
a debris flow happens, first they’ll immediately alert Santa
Cruz County officials. While this information won’t be used in
the short-term for evacuation orders, Longstreth said he
hopes that by notifying the county if a culvert or bridge is
clogged, emergency responders could remove that choke-
point before the next storm.

“Then the second priority is gathering the data over the long
term, so that we can better predict when debris flows hap-
pen,” Longstreth said.

Longstreth said he and his colleagues hope to launch addi-
tional debris flow monitoring sites to get more data.

But for the USGS and California Geological Survey scientists
to expand their research, the monitoring would have to sus-
tain into the future. Both government agencies are paying for
this research using their own limited budgets, in an as-
needed manner.

That means it's not clear how long the science can continue,
Longstreth said. For the work to be consistent, the California
Geological survey would need a funded program.

“I've worked on a lot of these debris flow projects and I've
seen a lot of people killed in similar circumstances,” Long-
streth said.

“It's a really bad feeling when that happens,” he said, “and
so as much as it's in my power to use my skills to help more
people, I want to do that.”

(Hannah Hagemann / Monterey Herald, November 29, 2020,
https://www.mercurynews.com/2020/11/29/geologists-as-
sess-debris-flow-risk-in-santa-cruz-mountains)
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The Arctic Ocean photographed in the same
place 105 years ago vs today
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Rising Iceberg

When an iceberg falls off the cliff, it sinks due to momentum,
but because the density of iceberg is less and the seawater
is heavier, the iceberg instantly resurfaces, floats to the sur-
face and continues to rise upward, forming a pillar!

Extremely rare capture.
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H apxaia Eyvartia 030G ouvTnpeiTal kai anoka-
AuUnTel TRV I0TOPIA TNG

H ndAn tng KaBdaAag €xel Tnv TUXN -Kal TAuTdXpOva TO Mpo-
VOMIO- va dIaTnpEi OTIC NApUPEG TNG, O APKETA KaAr KaTta-
oTaon, €éva peydio Tunpa Tng apxaiag Eyvariag OdoU, Tou pe-
yaAou auTou dpopou nou EVWVE TNV AvaToAn he Tn Alon Kai
nou WPEXP! Kal TIC apXEG Tou 200U aimva anoTeAoUade Wia ano
TIG KUPIOTEPEG 0DIKEG apTnpieg TNG vOTIag BaAkaviknig.

Eival autog o dpodpog nou diEaxios o AnoaTtolog Maulog padi
ME TOug NadbnTeg Tou Zila, TindBeo kal Aoukd yia va pTacouv
and To Aipavi Tng apxaiag NeanoAng (onuepivn KaBdAa), otn
@NUIoPEVN NOAN Twv PIAINNwV kal va diIdagouv To EuayyEAio,
15pUovTag £TOI TNV NPWTN €UPWNAIKN Kal EAANVIKR eKKANnaia.
Eival o dpopog Tov onoio digoxioav XIAIadec Pwuaiol oTpa-
TIOTEG YIa va NOAEPRCOUV OTNV EAKOUOTN paxn Twv @IAinnwy
nou £uUeAAe va aAAd&el Tnv 10Topia TAG TOTE PWHAIKAG AUTO-
Kparopiag.

AUTO TO KOUMATI TOU AIBOCTPWTOU dPOKOU, nou dev Eenepvdsl
0€ MNAKOG TO NEPINou evapiol XIANIOUETPO, Ba emdIWEEI va ouv-
Tnpnoel kal va avadeifel n Egopeia ApxaioTnTwv KaBdaAag -
®daocou pe XpnuatoddTnon Uwoug 350.000 supw oTo nAaicio
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TnGg OXE MoAImioTikng Aladpounc Tng EyvaTiag Odou Tng Mepi-
@Epeiag AvaTolikng Makedoviag kal ©pakng.

Mpiv and nepinou gikoal Xpovia, o Afuog KaBaiag gixe ekno-
vnoel éva npdypaupa avadelgng Tou AIBOOTpwWTOU HovonaTioU
TNG apxaiag EyvaTiag, kabwg PEXPI TOTE YOVO Wia HeydAn ouy-
xpovn Taunéia ndvw otnv €8vikn 0d6 KaBahag - Apapag 8u-
M1e oToug digpxOpEVOUC 0dnyoUc TNV Unap&n Tou dpopou. Me
Tn véa PEAETN TnNG Eopeiag ApxaloTATWV YiveTal €K VEOU Hia
npoondabeia yia Tn ouvTipnon Kai Tnv avadei€n Tng apxaia
0JIKNG apTnpiag WoTe va AEIToupynoel wg NOAoG EAENG enioKe-
nTowv anod Tnv EAANGSa kal To eEwTEPIKO.

O1 epyaaieg ouvTApNongG Kal avadeiEng avaueveTal va Eekivn-
oouv TNV AvoIEn, epocoov dev unap&ouv kabuoTeproelg Adyw
TNG navdnuiag Tou Kopwvoiou.

H apxaia Eyvatia 030G onuepa

H apxaia Eyvartia Od04¢ gival onpepa xwpIiopévn o€ dUo TUAKa-

Ta, €€aITiag Twv auTOKIVNTOdPOUWY Mou £xouv diavoixBei aTo
Uwwpa Tou Ayiou ZiAa (cUp@wva pe TNV napadoon €dw Ka-
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810 va EskoupaaTei 0 AndaToAog MaUuAog YHETA TOV avnNPopIKo
dpopo ano To Aigavi Tng NednoAng, npoTtou cuveyioel Tn dia-
dpopn Tou npog Toug dIAiNnoug).

ooy gesdi;

o ekl dugiy, v

To €va TuAPa katngopilel and Tov Ayio ZiAa npog Tov ouvol-
KIOWO Tou ZTaupol kai BAEnel npog TNV eUgopn nedidda Twv
OINinnwv. To deUTEPO Kal Mo evOIAPEPOV TUNKA TNG NAAIGg
EyvaTiag, pe pnkog 1.100 pétpa, Eekiva kal TEAEIOVEl OTNV
nepioxn KaTw anod To CNUEPIVO YEVIKO VOOOKOWEIO TNG MOANG.
O eniokENTNG pnopei elkoAa va nepnartnoel aTo diaTnpnuévo
nETpivo odo60TpwHa nou avneopilel dinka oTo péua r akoua
KaAUTEpa va TO KATNQOPIOEl, €XOVTAG MMNPOOTA TOU TNV O-
Hoppn 6€a TnNg NOANG Kal Tou KACGTPOU OTNn XEPOOVNCO TNG
Mavayiag, naipvovrag Tautoxpova Kal Jia 19€a yia Tnv €Ikova
nou avTikpilav Ta naAia xpovia ol eNIoKENTEG TNG KaBaAag.

(naftemporiki.gr, NeunTn, 12 NoguBpiou 2020,
https://www.naftemporiki.gr/story/1656778/i-arxaia-

egnatia-odos-suntireitai-kai-apokaluptei-tin-istoria-tis

@ D

'All roads lead to Rome!' (Omnes viae Romam
ducunt!)

Romans were famous for their roads (Latin singular: via)
which allowed military, people and goods to travel quickly
across their huge empire. They used stones, sometimes
mixed with cement, sand, broken tiles and curving stones in
order for the water to drain.
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NEEZ EKAOzZEIZz 2TI2
FEEQTEXNIKEz
EMNIZTHME2

EVYPOE KASOTRIAHE

KATOAIZOHZEIZ ZTHN EAAAAA
Edagopunxaviki otnv Mpadn

EAASOMALANIKH
LTHN MPAZH '

Znupog KaBouvidng

. To BiBAio napouacialel 11 eniAeypé-
§ veg kaToAioBnoeIg oTnv EAAGSA, pE
TN onuacia Toug Kai TIG 1I31aITEPOTN-
TEC TOUG, TNV £peuva Kdal HEAETN
B TOUG Kal Ta METPA AMoOKATAOTACHG
Toug, emdeikvlovVTag TNV NPAKTIKN
€pappoyn TnG Bewpiag TNG €daPOUNXAVIKAG O NPAYMaTIKEG
OUVONKEG.

IdiaiTepn avagopd yiveral oe KAToAIOBNAOEIC O «NUIBPAX®w-
deig» oxnuaTiogouc nou a@Bovolv otnv EAAGda.

Eniong yiveral €11k avagopad oTiG avaAUoelg suoTabeiag os
TpeIG dIACTACEIG Kal TRV miBavr XpnoiuoTNTAa Toug oTnV ava-
Aucn KaToAIoBNoEWY.

«MoAAEc kaToAioBnoeic ouuBaivouv os "nuiBpaxwdeic” oxn-
pariopoug. Idiaitepa ouuPaivel autod O€ LAPYEC Kal OXIOTOAI-
Bouc nou apBovouv otnv EAAada. To npoBAnua edw eivar ot
autol ol oxnuariouoi pnopei va "eEanatrioouv” Tov peAETNTN
Kka®@' oTi (oTnv ABIkTN HopPn Touc gU@avifouv uwnAn avroxn.
‘OuwWC, ouxvd, EUNEPIEXOUV AOUVEXEIEG LIE MOAU UIKPOTEPN a-
VTOX!), MOU AV anoTEAECOUV UEPOG TNG €MIPAVEIAc oAiocdBnong
Uropei va odnynoouv o€ oAU UIKPOTEPN avroxn anod Tnv
urnoAoyilouevn BAoel Tou dBIKTOU UAIKOU> .

O =nuUpog KaBouvidng yevvnénke atnv ABriva Tov AekEBplo
Tou 1944. TMMoAITIKOG Mnxavikdg E.M.M. — M.Sc., Ph.D.
Stanford University. Aida&e wg Lecturer oto Imperial College
Tou Aovdivou (1978-80). Mpoedpog TnG EAANVIKAG EnioTnuo-
VvIKAG ETaipeiag Edapopnxavikng kal FemwTexVIKAG Mnxavikng
(1998-2005). Mpoedpog kai AlcuBUvwv SUPBOUAOG TNG €Tal-
peiag «<EAADOS SUpBoulol Mnxavikoi A.E.»

(Ekdo60eig MAMAZQTHPIOY, NoguBpios 2020)

BIM for Project Managers
il Camstmuctinn Masagement

BIM for Project Managers:
Digital construction
management

Peter Barnes

BIM for Project Managers is a con-
cise practical guide which shows
how cutting-edge BIM related tech-
nologies can facilitate the success-
ful management of construction

TA NEA THZ EEEEI'M - Ap. 144 - NOEMBPIOZ 2020

and infrastructure projects. Focused specifically on core pro-
ject management topic areas, the book shows how BIM can
act as a catalyst for key project management functions in
construction and lead to improved collaboration, communica-
tion and co-ordination. It also describes new skills and com-
petencies which project managers need to acquire to work
effectively on BIM projects, and important legal and contrac-
tual issues including dispute avoidance, copyright, liability
and insurance. Covering the full project lifecycle from brief-
ing, inception and pre-construction through to project closure
or disposal, the book enables project managers to facilitate
the use of BIM across the entire lifecycle.

BIM for Project Managers is a core reference that empowers
project managers to play a more proactive role in BIM imple-
mentation at both project and organisational levels. Students
seeking to understand how to integrate the new technology
and methodologies of BIM with established principles of plan-
ning and project management also find this an indispensable
reference.

(ICE Publishing, 30 November 2020)
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HAEKTPONIKA
NMEPIOAIKA

International Journal of GEBERgineering Case Histories

lourral of the International Society for 5ol Mechanics and Ge ing

An official journal of the
International Society for Soil Mechanics and
Geotechnical Engineering
www.geocasehistoriesjournal.or ub/issue/view/45

OAokAnpwBnke n €kdoon Tou Teuxoug 3 Tou TOMOU 5 Tou Tou
International Journal of Geoengineering Case Histories pe Ta
napakaTw nepiexopeva:

Application of Hybrid Drained-Undrained Model for Analyzing
the Stability of Reinforced Soil Structures Over Soft Founda-
tions with Prefabricated Vertical Drains, David Espinoza,
Chunling Li, Lucas de Melo, Ranjiv Gupta

Pressuremeter Testing Along Interstate 10 in Tucson, Ari-
zona, Naresh C. Samtani

Analysis of a Static Loading Test on an Instrumented Cased
CFA Pile in_Silt and Sand, Jakub Gabriel Kania, Kenny
Kataoka Sgrensen, Bengt Fellenius

Evaluation of Constitutive Models in Prediction of Surface
Settlements in Cohesive Soils — A Case Study: Mashhad
Metro Line 2, Behnam Eslami, Aliakbar Golshani, Sina Are-
fizadeh

o3

Geo-Trends Review
A Crowdsourcing Magazine for the Geotechnical Engi-
neering Community - Issue #13 - November 2020
https://www.mygeoworld.com/geotrends/is-
sues/13-november-2020

o3

International Geosynthetics Society

KukAho@opnoe To IGS Newsletter Tng International Geosyn-
thetics Society pe Ta napakdTw NepiEXOPEVA:

IGS NEWSLETTER - November 2020
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Helping the world understand the appropriate value and use
of geosynthetics

https://www.geosyntheticssociety.org/newsletters/

e Watch: The Launch Of The IGS Foundation READ MORE
e The GeoAmericas 2020 Corporate Case Study Competi-
tion Winners READ MORE

e Speakers Announced For ISGPEG 2021 READ MORE

e Free Access to Giroud Lectures READ MORE

e Results of the 4th Chinese National GeoWall Competition
READ MORE

e XXX Italian National Conference on Geosynthetics READ
MORE

e IGSE Webinar Report: Sustainable Soil Reinforcement
READ MORE

e Online International Forum on Geosynthetics, Chengdu,
China READ MORE

e IGS Chapter Focus: Portugal READ MORE

Sustainability eBook Now In: Spanish! Turkish! Japanese!

e Calendar of Events

READ MORE AT GEOSYNTHETICSSOCIETY.ORG
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EKTEAEZTIKH ENITPONH EEEENM (2019 - 2022)

Mpoedpog : MixaAng MNAPAANHZ, Ap. MoAImikdg Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

A’ AvTinpogdpog  : Xpnotog TSATSANI®OS, Ap. MoAITIkog Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

B’ AvTinpoedpoC MixaAng MAXAKHZ, MoAITikd¢ Mnxavikog
mpax46@otenet.gr

levikog MpappaTtéag: MNwpyog MMEAOKAS, Ap. MoAITIkOG Mnxavikog, Enikoupog Kadnynthg TEI ABrvacg
gbelokas@teiath.gr, gbelokas@gmail.com

Tapiag : MNwpyog NTOYAHS, MoAImikdg Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETES A.E.
gdoulis@edafomichaniki.gr

'Eqpopog : Fewpyloc FKAZETAS, Ap. MoAITIKOC Mnxavikog, OuoTigog KabnynTtng E.M.M.
gazetas@central.ntua.gr, gazetas50@gmail.com

MéEAR : Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIKOG Mnxavikog, OuoTinog Kadnyntig EMMN
aanagn@central.ntua.gr

MNavayiwtng BETTAZ, MoAImikdg Mnxavikog, OMIANOS TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

Mapiva MANTAZIAQY, Ap. MoAimikdg Mnxavikog, AvanAnpwTpia Kaényntpia E.M.M.
mpanta@central.ntua.gr

AvanAnpwparika
MéAn : XproTog STPATAKOZ, MoAimikdg Mnxavikog, NAMA A.E.
stratakos@namalab.gr

Bahia ZENAKH, Ap. MoAITikog Mnxavikog, EAAGOMHXANIKH A.E.
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