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Akpaiol ekpoBiCHOI

AnunRTpng Koutooyiavvng (OpoTipog Kaénynrng EMI,
ZxoAn MoAITik®v Mnxavik®v)

Ta dikTua ouBpiwyv Ta oxedialoupe yia nepiodo enava@opag 5
G 10 xpovia. AuTo onpaivel NwG oTnV NOAU guvoikn (kar oxl
noAU ouxvn) NepiNTWOn nou, €Kei Mou MEVOUME, undpxel
JikTUO OMBpiWV apTia cuvTnpoUuevo (HE TakTIKO kKabapiouo
PpeaTiov KTA.) Ba BAEnoupe Tov dpOKO HNPOCTA GTO GNITI KAG
va nAnpuupilel kGBe 5 pe 10 xpovia KaTd PETO OpoO.

Tic OIEUBETATEIC TWV ACTIKWV PEPATWYV TIG 0XeDIAJOUNE Yia ne-
piodo enava@opdg 50 xpovia. Av Topa oKePTOUWE NpOXEIpa
OTI aTnv EAAGda undpyouv navw and 500 oIkIoWoi e pEpaTa
€UAAWTA 0€ NANPPUPEG, KI aKOWN KI av gival owoTda dIeubeTn-
Méva, auTo onuaivel Nwg KaTa HEgo Opo Ba £xoupe Kabe xpdvo
TOUAAXIOTOV 10 NEPINTWOEIG UNEPXEINICEWY KAl NANUUUPIK®OV
KaTaoTpo@wv oTn Xwpa. Kal kade dietia Ba kataypdpoupe
£€va akpaio yeyovog XIAIETIAg kanou atnv EAAGda.

'ET01 opifouv Beopika ol npodiaypa®Eg TG Xwpeag Jag. Oa nel
kaveic, yiati dev au&avoupe Ta Opia yia va NePIOPIcOUNE TN
ouXvOTNTA TWV KATaoTpoPp®V; H andavtnon sival anAn. Ta av-
TINANUMUPIKAG €pya €ival akpifa, dev uNapxouv xpruara.

‘Apa, ol TANMPUPEG KAl Ol KATAOTPOMEG NOU NpokaAouv, ATav,
gival kal Ba sival napolosg. 'Exel kAT aAAAEel opEpa o€ oxé-
on JE NaAioTepa;

Nai, £xel aAAGEel. «Ekei nou QUTPWVE PAICKOUVI KI Aypla PEV-
Ta», TWPA £XOUUE ACPAATOOTPWHEVOUG OPOUOUC Kal 0Ikodo-
MEC. Ta ouBpia dev dinBolvTal aTo £3aPog, 0 OYKOG vepoU Mou
anoppéel gival yeyaAUTEPOC, 01 puBLOi anoppPorG EVTOVOTEPOI.

Nai, €xouv aAAa&el ki dAAa. O1 avBpwnol naAid ATav ot
apuovia We TR QUON kal n&pav va diaxeipifovTtal TIG
duokoAieg mou npokaloucav Ta Quaika @aivopeva. la
napdadeiypa, dev éxmilav navw n dinAa OTIG KOITEG TwV
PEUATWV. ZTO OPEIVO XWPIO Nou PEYAAwoa, To va pixvel éva
METPO XI0vI dev ATav ondvio. OI yoveic pag kabapilav Ta
pJovondaTia yia va naye Ta naidia oto oXoA&io. 'ETOI, TO OX0AEi0
dev €kAelve oTav X10vile N €Bpexe. Mati n kolvwvia Bewpolioe
@uOIkd To va BpExel Kal va Xiovilel kal NEEPE TI va KAVEI.

'ExoupEe, dnAadn, apvnTikéG €EeAIEeIG, aAAd undapyouv Kal Ta
OETIKA NOU £XOUV OXEON WE TNV TEXVoAoyia. Xapn ¢’ autn, oxI
HOVO £Xoupe anocoBraoel NOAAG deivd, aAAa EXOUNE BEATIWOEI
BeapaTikG Tov OKANPOTEPO anod Toug JeikTeG, Ta avBpwniva
QupaTta an’ TIC (QUOIKEG KaTaoTpoPEG. [Maykoopiwg, TN
dekaeTia Tou 1920, ava eKaToUPUpPIO KATOIKOUG, €iXxaue Navw
and 2500 vekpolc and &npaciec: kai Tn dekaeria Tou 1930
oxedodv 2000 vekpoucg anod NnANUUUpPEeG. Tn dekasTia Tou 2010
ol avTioTolxol apiBuoi €ival 3 kal 7 vekpoi avda ekaToppuplo.
Meiwon katd 300 £wcg 900 popéc—kiI ag diaTupnavidouv Ta
HECA eEVNPEPWONG CUVEXWG ENIOEIVOUNEVEG GUVONKEG.

'EXOUNE kdanola npoodo kal otnv EAAGda; Nai, BEBala, og oTI
a@opa TNV TEXVIKN NAEUpd. 'EXOUHNE KATAOKEUAOEl apKETA av-
TINANUUUPIKG £€pya. 'Exoupe oxedia diaxeipiong KivoUuvwv
nANUUUPAg nou £xel ouvTovioel n AietBuvaon MpooTaciag kal
Alaxeipiong YdaTivou MNepiBaAilovtog (npwnv Eidikn Mpappa-
Teia YOaTwv). 'EXOUME XAPTEG NANMUUPIKAG dIakIvOUVEUONC.
'EXOUNE €Ne€epyaanTei Ta 10TOpIKA apxeia YeTprioswv. MNa na-
padeiypa, Exoupe Eexwpioel 238 BPOXOMETPIKOUG OTABHOUG HE
dedopéva PEYIOTWY BPOoXoNnTWOoEwV ano 60 xpovia Kal Navw.
EvvoeitTal nwg unapxouv noAAoi nepioagoTepol, aAAd poévo au-
Toi JE PHEYAAO WNAKOG NapaTnPnoEwy NPpooPEPOVTAl Yia KAIPA-
TIKEG avaAloeigt.

H enmioTnuovikn PHEB0dog eniBAAAEI OUYKPIOEIG NAAIOTEPWY HE
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VEOTEPEG OUVONKEG va yivovTal HeTa&U OpolwV JEIKTWV Kal OXI
KaTd BoUANnon kar katd nNwg BoAevel. O M0 XaPAKTNPIOTIKOG
deikTng, Tov onoiov unooTnpilouv ol Npoava@epopeveg 238
XPOVOOEIPEG HETPROEWV, €ival TO HEYIOTO NUEPNOIO UWOG
Bpoxng, n METpNONn Tou omnoiou, KATa Tn ouvnén cuuBaon,
AapBaverar omig 8:00 pIAG OUYKEKPIPEVNG NMEPAG  Kal
nepiAapBavel To guvolo TnG BpoxonTtwong and Tig 8:00 TNng
nponyouUHEVNG.

Me Bdon TIg ev AOyw 238 XpOVOOEIPEG METPNOEWY, TO PEKOP
24wpnG BPoXONTwaong oTn XWPa onueI®dnke atn Makpivitoa
To 1957 ka1 ATav 580 xIAlooTda. Anod Tig 238 XpOVOOEIpEG, auTh
ME To peyaAUTepo pnkog (157 xpovia) €ivar Tou Adpou
Nupgewv oTtnv ABriva, OMou TO PEKOP ONUEIWONKE TO
udpoAoyikd €toc 1899-1900 kair nTav 150 xiAlootda. Ta
enopeva 123 xpodvia, dev EenepdoTnke—ouUTe BERala oTO
npoo@paTo neicodio nou £RpeEe 85 xIANlooTd. To mBavoTepo
eival nwg oUTe oTn Makpivitoa EenepdoTnKe To pekdp TwV 580
XIANOOT®V. AUCTUXWG DV EXOUME TNV MANPN HETPNON: AOYW
unepxeiAlong Tou BPoXOMETPOU yvwpiloupe pOVO NWG ATav
navw and 100 xiAlooTda. Ta dopu@opikda dedopéva IMERG Tng
NASA Jivouv To WEYIOTO nMeEPATIO Uwog Ppoxng oTtn
Makpivitoa va unv &enepva Ta 250 xiAlooTa (kali oTnv
eupUTepn nepioxn va Ta E&enepva elaxiora). H Tiyn autn
Bpébnke pe TNV npoavagepbeica ouvndn oUPBacn via
nuepnola  Uywn Bpoxng Kair PETA and avaywyn Tou
enipaveiakoU dopu@opikoU UWoug BPoxNAG O ONUEIAKO. Ag
onuelwBei 6w OTI Ta dopuopika dedopéva dev eival eEicou
akpIBf pe Ta eniyela kalr dgv Pnopei va anokAeioTei kdnola
UNEKTIUNON TOV UYP®V BPoXnG.

Se kaBe nepinTwon, sixape €va €EalpeTIKA akpaio £neicodio
Bpoxng, aAAG péoa  OTO  MAQiCI0O TWV — OTOXACTIKWOV
NPOYVWOEWV YIa aKPaieG PPOXONTWOEI. SUYKEKPIYEVA,
oUpPWVa Pe TNV QETIVA avabewpnaon Twv oxediwv diaxeipiong
KIVOUVWV NANUUUPAG, N nuepnala Bpoxontwaon XIAIETIag nou
avapeévoupe aTnVv nepioxr Tou avatoAikoU MnAiou (and Tig
duopeveaTepeg otnv EAAGda) eivar 810 XIAlooTa—KI auTod
oiyoupa dgv To NANCIACAE.

AANG, onwg cinape, €€alpeTikd akpaia yeyovoTta, Onwg To
npoogpaTo, cuveRalvav kal 8a cupBaivouv. Kanoiol ongudouv
va Ta anod®oouv aTnV KAIYaTIKA aAAayn, skgoBilovtag Tov
nAnBuopd pe TNV ansiAn nwg 6a yivovTal 6Ao kal nio €vrova.
Towg ayvoouv OTI KAIATIKR aAAayr, nou onwg A&ve «eival
edw», NPAyuaT «nTav €dw» o€ 0Aa Ta 4.5 dioekaTodpupla
Xpovia 1oTopiag TN Ing. 'H iowg waxvouv vyia
anodionopnaioug Tpdyouc—kal, WG YVWaTOV, ol
nPoc@OPOTEPOI €ival N KAIMATIKN Kpion kal o MouTiv.

'‘0Ogol pIAOUV  yia  KAIMATIKA Kpion Ogv unnpeTouv TNV
enioTnNUoVIKn aAnBeia kair dsovToAoyia—a@oU n KAIMATIKA
Kpion Oev eival QuUOIKO Yyeyovog (Kal wg TETOIO, AVTIKEIMEVO
TNG ENIOTAKNG), aAAG noAITikd. OUTE UNNPETOUV TO KOIVWVIKO
Kal To €0vikd cup@épov. OUTE npoTeivouv KATI nou Ba
BonBolioe TOUC NACYXOVTEG, 1 TNV NPOCTACIA TNG XWPAg
anévavTl oTa akpaia @aivopeva. AVTIKEIMEVIKA, €V ayvoia
TOUG N NBeANUEva, TIG UNNPECIEC TOUG TIG NPOCKPEPOUV OTA
OUMQEpPOVTA nou npowBolv Tn dieBvr NOAITIKA atlévta Tng
KAIMATIKAG Kpiong.

L AnoTeAéopaTta AENTOUEPWV aVAAUOEWV KAIHATIKOV TAOEWV
€xouUV NpooPaTa dnuoaieuTei oTnV gpyaaia: «In search of cli-
mate crisis in Greece using hydrological data: 404 Not
Found» (D. Koutsoyiannis, T. Iliopoulou, A. Koukouvinos, N.
Malamos, N. Mamassis, P. Dimitriadis, N Tepetidis, and D.
Markantonis, Water, 15 (9), 1711,
http://dx.doi.org/10.3390/w15091711, 2023.

To apBpo dnuooielbnke, PeTd and npookAnaon, oTo To Bnua
™G Kupiakng, doi:10.13140/RG.2.2.12161.63844, A6nva,
10 September 2023.
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H kAigaTikn kpion gival €3w -- WG NOAITIKO Kal
OXI WG (PUOIKO YEYOVOG

Quiz: Assuming a potentially causal relationship between the
atmospheric temperature (T) and atmospheric concentration
of carbon dioxide ([COz2]), which is the cause and which the
effect?

Hint: Use the graphs below without mathematical analyses.
Explanations:

1. The values plotted are annual averages of differenced time
series for differencing time step of 1 year; in particular
[CO-2] is logarithmically transformed.

. Each point represents the time average for a duration of
one-year ending at the time of its abscissa. The two time

series are lagged with a time difference of six months.
That is, each green square is half-way (in time) between
two consecutive red dots (the annual average for AT is
taken from January to December and that for AIn[COz]
from July to June).

. T is the global average of the atmospheric temperature
from the NCAR/NCEP reanalysis; [CO2] is the atmospheric
concentration of carbon dioxide of the Mauna Loa obser-
vatory (Hawaii, USA).

4. The quantity uv subtracted from AIn[COz2] is determined
by equation (10) in Koutsoyiannis et al. (2023, “On hens,
eggs, temperatures and CO2: Causal links in Earth’s at-
mosphere”), i.e., 1,=0.0034 (T4/K—285.84), where T4 is
the average temperature of the previous 4 years and K is
the unit of kelvin.
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AnpnTpng Koutooyidvvng

YI. To yiati n KAIHATIKA Kpion €ival NoAITIKO yeyovog, kaBwg kal TNV AuBevTIKN TOU MPOEAEUON WG TETOIOU, TA €ENy® O€ AAAN
dnuooiguon, Rethinking climate, climate change, and their relationship with water kaBwg kai oTnv napouciacr) pou The political

origin of the climate change agenda (diapaveieg ota ayyAikd, Bivreo ota eAAnvika).
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ENAPKTHPIOZ XAIPETIZMOz

Jag kaAwoopilw oto 90 MaveAAnvio Zuveédplo MEWTEXVIKNG
Mnxavikng.

STOXOG TOU ouvedpiou pag ndavta eival va kataypagel Tig
npoodoug TNG YEWTEXVIKNG UNXavikng otnv EAAGda kai otnv
Kunpo, 6nwg avTikatonTpifovTal oTad OnUavTIKa YEWTEXVIKA
£p-ya nou £Xouv PEAETNOEI KAl KATAOKEUAOTEl, KABWG Kal aTa
anoTeAéopaTta  TNG  E€PEUVATIKAG  dpactnploTnTag TWV
MoAuTexveiwv kal MoAuTexvikwv ZxoAwv Tng EAAGdAg kal Tng
Kunpou. EmdiwEn eival ol epyacie¢ Tou ouvedpiou va
avadelkvuouv NpwTOTUNA OTOIXEId GUUBOANG TNG YEWTEXVIKNAG
MNXAVIKAG OTa TeEXVIKA €pya dAAd kal va npoBaiAouv
BEWPNTIKEG Kal MEIPAMATIKEG £PEUVEC O £dAPIKA, Bpaxwdn
Kal NuIBpaxwdn UAIKG nou £xouv Bpel N pnopolV va Bpouv
€Qapyoyn aTnv nNpagn.

Mpo0oBeTa OPWG, TO XPOVIKO diacTnua and To nponyoUHEVO
MaveAAnvio Zuvédplo €idape nmoAU peydAn augnon Twv
MEAETWHEVWV Kal KATAOKEUALOUEVWV TEXVIKWV EPYWV OTN
XOPA PE GNUAVTIKN CUVEICPOPA TNG YEWTEXVIKNAG HNXAVIKAG
Kal TWV YEWTEXVIKOV HNXAVIKOV 0TOV OXedlaond Toug Kal Tnv
EMITUXN OAOKANpwOor Touc. H al&non auTtn PeTa@pAcTNKE OE
onuavTikh ZATNON YIa YEWTEXVIKOUG PnNXavikoug divovTag pia
VEQ NPOONTIKR OTO ENAYYEAUA Pag, TV onoia avapévoule va
doU-pe va yiveral au&nuévo evdlapEpov TwV POITATOV Yia
€EeIBIKEUON OTN YEWTEXVIKA WNXavik ota MoAuTexveia Kal
oTIG MOAUTEXVIKEG ZXOAEG kal avTioTtoixn av&non Tng Adn
MEYAANG e€peuvnTiIKAG dpacTnpidTNTAGC OTO  AVTIKEIPEVO.
AvTioToIXn ATAv Kal n avranokpion oTtnv npdokAnon Tou
Suvedpiou: nepioadTepa and 120 TeEAIKwG eykplBEvTa apbpa,
15 €10IKEG OMIAIEG, METAEU auTwyv Kal n 14" ABnvaikr AIGAEEN
FewTEXVIKNG MnNXavikng, €vTaydévn yla npwTtn ¢@opa oTo
MaveAAnvio Suvedpio. MeyaAn ATav kai n npoonadeia yia Tnv
a&loAdynon Twv apBpwv: nepinou 45 yewTexVikoi avelapav
Tn OINAN aveEdpTnTn KAl avwvuun Kpion kabe unoBAnBEvTog
apBpou, cupBaAAlovrtac KkaboploTIKG OTAV noloTNTA TOoUu
Suvedpiou.

e auTd To nAdicio, To 90 NMaveAAnvio SuvedpIo MEWTEXVIKNG
Mnxavikng @IA0dOoEEI va anoTeAECEl TO ONMEIO CUVAVTNONG
TWV YEOTEXVIKOV HNXAVIKOV TNG XWPAc Kai Tn HeyaAlTepn
ekONAwoN NpPoPOANG TNG E€NAYYEAMATIKNG KAl EPEUVNTIKAG
dpaacTnPIOTNTAG OTO AVTIKEIMEVO TNG YEWTEXVIKNG HNXAVIKAG,
HEOW TNG KATAypa®nc TNG EPNeIpiag and auTnyv TNV au&nuévn
dpaacTnpIOTNTA TWV TEAEUTAIWV ETWV KAl TNG dIAaTUNWONG TWV
avaykwv ToU QaVTIKEIMEVOU Mag yia To HEAANOV. H evepyog
OUMMETOXN TWV OUVESPWV Kal n napakoAolBnon Twv
dlaAé€ewv Ba kpivel kal To TEAIKO anoTéEAeoua nou TiBeTal
oTnv Kpion oac.

O Mpodedpog Tou Suvedpiou

Ap M. Mnapdavng
MNpoedpocg E.E.E.E..M.

OPFANQTIKH KAI ENIZTHMONIKH ENITPOMH
KPITEZ ENIZTHMONIKQN APOPQN

Mpoedpog Tou Zuvedpiou

TA NEA THZ EEEEI'M - Ap. 179 - ZENTEMBPIOZ 2023

MANEAAHNIO
ZYNEAPIO

FEQTEXNIKHZ
MHXANIKHZ
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. Fkadérag, ExteAeoTikn Emitponn E.E.E.E.[.M.
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N. PoUooog, posdpoc EAAnviknG Emitponng Znpdyywv &
Ynoyeiwv Epywv

Z. P. Nanaxatdakn, [1poedpog EAAnvikng Emtponncg
MeydAwv ®payudtwv

I. Mapkou, /1poedpoc¢ EAAnvikoU Suvdeauou MEwouvOETIKWV
YAIk@V

K. Fewpy1adng, ApioToTéAgI0 MavenioTnio OsocoaAovikng
A. MiImIAakng, ApioTtoteAsio MavenioTrnio Osocoaovikng

1. KovTog, MMaveniomnuio MNatpav

N. KAAUNG, Anuokpiteio Maveniotiuio Opdkng

M. NTakoUAag, MTaveniotiuio Osooaliag

A. Noukidng, MMavenioTruio Kunpou

WHIIPON

NMpooOEeTOI KPITEG ENICTNHOVIKAOV ApOpwV

5. AnooTtoAdakn, M. AoTepiou, B. BavtoAag, A. BpaTaikidng, K.
Fewpylddng, A. TpappatikonoUAou, A. AeAnBépng, A.
EyyA€Cog, A. Oeoxdpng, A. Kanouviapng, Z. Kapatla, A.
KapaTtléTlou, . Kapagpayka, E.I. Koutoounakn, . Kpounn,
O.T. KTtevidou, A.X. AiBavidou, K. Makpa, K. MnavTpaA€éng,
E. NeraAd, I. MiAaAidng, E. PoBibng, A. Zwtnpiadng, M.
Toouvapun, E. ®iloyAou, E. Wapouddkng

ZYNEAPIEZ

Suvedpia I 'Epsuva nediou & gpyaacTrpiou

Zuvedpia II Edapoduvapikn I

Suvedpia III Bpaxounxavikn

Suvedpia IV BeATiwosig Edapwv

Suvedpia V Edagpoduvapikn II

Suvedpia VI AANnAenidpaon eddpouG-KaTaokKeUNnG
Suvedpia VII KaTaoTaTika npooouoi®wpaTa

Suvedpia VIII AonAa kal OnAiopyéva EnixwpaTta

Suvedpia IX Ogpeiwosig I

Suvedpia X NepiBaAlrovTikn TewTexvikn /  Ofupata
AidaokaAiag

Suvedpia XI EuoTtaBeia npavwv/KaToAIoBnaoeIg

Suvedpia XII >npayyec & Ynoyeia 'Epya - Babeiég
AvTIOTNPIEEIC

Suvedpia XIII Eupwkwdikeg - E@appoyEg MewouveeTIKwV
YAIKOV

Suvedpia XIV Ocpehiwoeig 11

Zuvedpia XV Edapoduvapikn III - dpaypaTa

Zuvedpia XVI ABeBaiotnTa, A&onioTia, kai AiakivdUveuon
oTtn FeWTEXVIKNA

Zuvedpia XVII MremTeXVIKN UNXAVIKA KAl vnueia
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MPOZKEKAHMENOI OMIAHTEZ
TerapTn 4 OkTWRpiou 2023

Paul W. Mayne Geoengineering Consultant, Emeritus Pro-
fessor- Geosystems Engineering Group, School of Civil & En-
vironmental Engineering, Georgia Institute of Technology,
Atlanta, GA USA

TiTAog OpiAiag: 14n A@nvaikn AidA€gn - Paul Mayne

Geotechnical Site Characterization Using Shear Wave
Velocity

MépnTn 5 OkTWRpPiou 2023

Jorge G. Zornberg Ph.D., P.E., F. ASCE, Brunswick-Aber-
nathy Regents Professor, The University of Texas at Austin,
Past-President, International Geosynthetics Society

TiThog Opihiag: Geosynthetic Applications in Railways
and Roadways

Loretta Batalli Professor of Soil Mechanics and Foundation
Engineering, Technical University of Civil Engineering Bucha-
rest, Romania

TiThog OpiAiag: Aspects related to slope stability of
waste landfills - case studies and numerical modelling

EIAIKEZ OMIAIEZ
TeTaprtn 4 OkTwBpiou 2023

Pitoog A. MeToxoc kar Mélog Tou A.5. oTnv eTaipia
EAA®OMHXANIKH A.T.E. ETaipog otnv etaipia FTEQTEXNIKES
EPEYNE> T.E.E. AvTinpoedpo¢ oTov EAAnvikd Suvdesouo
FewouvOEeTIKWV YAIKWV

Titho¢ OpiAiag: nMpeocoidperpo Menard (MPM) -
Epappoyn otnv EAAGda

PRya E. Ap [MoAiTikd¢ Mnxavikog AlO, uéAoc E.ALTl. Tou
EpyaoTtnpiou Edapounxavikng, OsueAiwoewyv & MewTeXVIKNG
SeIouIknN¢ Mnxavikng Tou Tunuatog MoAITikawv Mnxavikwv Tou
ApioToTeAgiou MavenioTnuiou @sooaiovikng

TiTAog OpiAiag: ZeIoHIKEG dpaoelg oxediacol oTov UNO
avafswpnon Eupwk®dika 8. Npotaon yia To EAAnvikO
EOvikO MpoodpTnpa

Nopuikog M. Kabnyntnc MewTtexvoAoyiac - Bpaxounxavikng,
AieuBuvtnc Epyaornpiou TexvoAoyiac Aidvoiénc Znpdyywv,
Sx0An MetaAAeioAoywv - MetaAdoupywv Mnxavikwv,
EBvikou MetooBiou MoAuTexveiou

TitAoc OpiAiac: Mpog pia peaAioTiK HovTeAonoinon TnG
HNXaviking cupnepIPopag Tng Bpaxopaiag

Ai1daokaAou T. [IoAITikoc Mnxavikoc, MSc, AieuBuvtng
«EQPIMNOZ AIAAZKANQY & ZIA E.E. - TEQTEP AIAAZKANOY»

TiTAoc OpiAiac: Mapouciaon Tou eninedou NTIAATOHETPOU
TUNou Marchetti, Tng xXpnong Tou oTo ne&dio, TNG
a§loA0ynonG TV HETPROEMV TOU KAl TOU CUVOUAOHOU
TOUu HE GAAa opyava kai SOKIHEG OTO nAdicio Tng
YEWOTEXVIKAG a§loAdynong

NéunTtn 5 OkTWRpPiIiou 2023

MimAakng A. AvanAnpwTtn¢ Kabnyntng kai AleubuvTng Tou
lMpoypduuarog Merantuxiakwv  Znoudwv "AEIPOPOC
Sxediaouoc Texvikwv Epywv £€vavtl OeiopgoU Kali dAAwv
QUOIKQOV KIVOUVwV” Tou Tunuarog [MoAiTikwv Mnxavikav
ApigToTeAgiou MavenioTnuiou OsooaAovikng

TiTAog OpIAiag: FEWTEXVIKR CEICHIKN HOVWON
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KoupkoUARG P. Ap MoAimikoG Mnxavikog, IdpuTiko MéAog &
Etaipog, Grid Engineers IKE

TiTAog OupiAiag: TpokANCElG katd TOov OXe3IAopHO
UNEPAKTIOV AVEHOYEVVNTPIOV: O pOAOG ThG BeHeEAinONG

ManadnunTtpiou A. AvanAnpwTig Kadbnyntng MewTexvIKNg
Mnxavikng, AieuBuvTtng EpyaoTnpiou OegueAinoswv, ZxoAn
MoAiTikwv Mnxavikwv, EBvikou MetooBiou lMoAuTtexveiou

TiTAog OpiAiag: AAANAENiI3pACN YEITOVIKOV KATACKEU®V
HE N Xwpic PBeAtimon &£3a@oug E&vavrtl OCEICHIKNG
pgucTonoinong

Kwpodpopog A. Kabnyntig, Tu. [loA. Mnxavikov
MavenioTnuiou Osooaliag

TiTAog OpiAiag: ZupBoARl oTnv avdaAuon Kai Tov
OXESIAOHO OEHEAIMOCEMV HE NACCAAOUG HE Xprnon
NPONYHEVWV APIOUNTIKOV HEOOSWV

Mnapdavng M. Ap MoAimikog Mnxavikog, poedpog EEEEMM,
AiguBuvTnc Epyaotnpiou EAA®OS SUuuBoulor Mnxavikoi A.E.

TiTAog OpiAiag: Ta €épya anokaraocTracng TnG eUcTadsiag
oTo nNpavég TnG Aiwpuyag TnG Kopivlou ano Tnv nAgupa
TnG NMeAonovvioou HETA TIG KATANTWOEIG TOU 2021

Mapaokeun 6 OkTwRpiou 2023

MneAokag T.  Enikoupoc  Kabnyntrg,  AisubuvTig
Epyaornpiou Edapounxavikng, Tunua MoAimikwv Mnxavikav,
MavenioTnuio AuTiknG ATTIKIG

TiTAog OpiAiag: Eupwk®dikag 7 — 2n Mevia: AAAayég kai
NMpokAnoeliG oTtnv AvadAuon kali oOTo ZXed31a0pO
FrewTeXVik®V 'Epymv

Aoukidng A. AvanAnpwTtn¢ Kabnyntng Tunua [MoAITikov
Mnxavikov & Mnyxavikwv [epiBdAAovrog, [lavenioTnuio
Kunpou

TiTAo¢  OpiAiag: OVYKOHETPIKEG NAPAHOPPOOEIG HN
KOPECHEVWV £6apOV Aoyw HETABOANG ™mg
nePIEXOHEVNG Uypaciag

Fapivn E. Enikoupn Kabnyntpia, Tunua Mnxavikwv OpukTwv
Mopwv, MoAutexveio Kpntng

TiTAog OpiAiag: Zeiopikl akoAouBia 6ng deBpouapiou
2023 oTtnv Toupkia: AiGppn§n, karaypaPeg, eyyUug-Tou-
PAYHATOG PAIVOHEVA, YEWTEXVIKEG BAABEG

EIAIKH ZYNEAPIA NMPOZ TIMHN TOY MAYAOY MAPINOY
TerapTn 4 OkTWRpPiou 2023
Towapnaog I'. OuoTiuog Kabnyntnc EMI

TitTho¢ OpiAiag: “MalAog Mapivog: ‘Evag EeEXwpioTog
MavenioTnpiakog Aaokalog kai EpeuvnTiAg”

ZToUpNnog I. Texvikog MewAdyoc, Msc, EAAnviko MeTpo A.E.

TiTAo¢ OpiAiac: H €1k0oOd€eTRG npoo®opd Tou MauAou
Mapivou oTta €épya MeTpo kal n napakatabnkn Tou - H
TEXVIKI] YEWAOYid OTOV YEWTEXVIKO OXESIAOHO TOU
MeTpo

KaliAng N. Texvikoc lewAoyog, Msc, / DIC

TiThAo¢ OpiAiag: 'Epya kai HpEpeg TOU asigvnoTou
KaébnynTtn MavAou Mapivou oTOoV X®PO TWV HEYAAWV
KaTaokeuwv (Ppaypatwv — TagIEUTApWV, ZApayymv,
AvVTIHETONION KATOAIOONOEWV KTA)

Mapivog B. Enikoupog Kabnyntrc EMI, Mpogdpog IAEG

TiTAog OpiAiag: MavAog I. Mapivog: O MNarépag, o
MévTopag, o EmioTAipovag
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KENTPIKO AM®IOEATPO AIOOYZA AIAAEZEQN A
10:00-10:30 | 'Evap&n Zuvedpiov - Xaipetiopot
10:30-11:30 | 14n A@nvaikn AwaAegn - Paul Mayne
11:30-11:45 AlGAs A KaQE
11:45-14:00 EPEYNA MEAIQY & EPTAXTHPIOY EAAOOAYNAMIKH |
14:00-15:00 MeanBptvn Stakorm
15:00-16:00 | Zuvedpia mpog Ttipnv tov MavAov Mapivou
16:00-16:15 AGAeppa Kage
16:15-18:30 : BPAXOMHXANIKH BEATIQXEIZ EAADQON
19:00-21:00 | As&iwon Ymodoxng
© 2'HpépaZuvebpiov Mépmm5OkwBpiov2023
KENTPIKO AM®IOEATPO AIOOYZA AIAAEZEQN A
AANNHAEMIAPAZH EAADQY2
09:30-11:30 EAA®OAYNAMIKH I - KATASKEYHS
11:30-11:45 AlGAsipa Kage
11:45-12:45 | Opia Jorge Zornberg
AOMAA KAI OMNMAIZMENA
12:45-14:00 KATAETATIKA MTPOZOMOIQOMATA EMIXQMATA
14:00-15:00 MeanBptvn Stakomm
MEPIBAAAONTIKH
B EEME LR FEQTEXNIKH / OEMATA AIAAZKAAIAL
16:00-16:15 MAAEpa Kage
16:15-18:30 EYZTAOEIA MPANQN/ ZHPAF_FEZ & YMNOTEIA EPTA
KATOAIZOHZEIX — BAGEIEZ ANTIZTHPIZEIZ
18:30 FENIKH ZYNEAEYZH & EKAOI'EZ EEEEMM

KENTPIKO AM®IOEATPO AIGOYZAN AIAAEZEQN A
EYPOKQAIKEYL —
DRt EOAPMOIEX TEQXYNOETIKON YAIKON SEARMDIER]
11:00-11:15 MaAepa Kage
115-12:45 EAADOAYNAMIKH I1I- ABEBAIOTHTA, AZIOMIZTIA,
i i OPAIMATA KAI AIAKINAYNEYZH XTH FTEQTEXNIKH
12:45-13:00 AlGAsippa Kage
MEQTEXNIKH MHXANIKH
13:00-14:15 KAl MNHMEIA
14:15-14:45 An&n ouvedpiov
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Learning from Hong Kong’s approach to land-
slide risk management

Without proactive management of landslide risk Hong
Kong’s recent extreme rainstorm would have caused
much more devastation, writes the leader of Arup’'s

engineering geology team in Hong Kong, Stuart Millis.

The-aftermath-of-the-landslide-at-Yiu-Hing-Road

The rainstorm on 7/8 September 2023 had peak rainfall rates
of almost 160mm/hour and resulted in over 900mm of rain-
fall in just 12 hours in some hard-hit areas, such as eastern
Hong Kong Island. For reference, the typical monthly rainfall
rate for September is about 320mm, meaning this storm
dropped almost three times the monthly average in less than
24 hours.

All this came just a week after Super Typhoon Saola had hit
Hong Kong. Although the rainfall during the typhoon was not
especially noteworthy (around 150mm), it still exceeded the
entire monthly rainfall in August 2023. The typhoon also
caused significant disturbance of vegetation, which will have
started to clog up drainage channels.

The sheer intensity of the storm on the 7/8 September 2023,
coupled with a groundmass that had been pre-saturated a
short while before, resulted in conditions that were primed
for land sliding.

Although notable throughout most of the territory, the most
significant concentrations of rainfall were over the eastern
parts of Hong Kong Island, where the 24 hour rainfall rate
exceeded 900mm, as well as Kowloon and the Central New
Territories. So essentially, the storm hit many of the most
densely developed urban areas of the Hong Kong Special Ad-
ministrative Region (HKSAR).

Yiu Hing Road landslide

The landslide at Yiu Hing Road was by far the largest and
most prominent of the failures that occurred during the rain-
storm. Whether it was the most significant is open to debate,
especially if you happen to be a resident in south eastern
Hong Kong Island (Shek O), which was cut off for over 24
hours due to landslides damaging the sole access road, or
living in one of the houses at the nearby Red Hill Peninsula in
Tai Tam, where large coastal slope landslides undermined
several properties.
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Rainfall in Hong Kong on 7 September (left) and 8 Septem-
ber (right) from the Hong Kong Observatory

Although much larger and more prominent, the Yiu Hing Road
landslide impacted a road with relatively low traffic density
and strategic significance. This is rather fortunate given the
time that will no doubt be required to make the area safe
once again.

It occurred within an area of densely vegetated natural hill-
side directly above a large pre-existing soil and rock cut slope
that is about 55m high. The geology in this part of Hong Kong
comprises fine-to-medium grained granite, with the bedrock
strata overlain by a mantle of saprolite (in-situ weathered
strata) that generally varies between about 3m to 10m in
thickness based on the available nearby ground investigation
data. Exposed rock is apparent in the drainage lines either
side of the interfluve on which the landslide occurred.

At the time of writing, no one has been able to safely access
the landslide scar for a detailed look due to the continued
heavy rain. As such only preliminary interpretations from
drone photographs and their associated photogrammetric
models can be made.

However, initial measurements from photogrammetric mod-
els of the landslide we’ve built over the last few days show
the main body of the scar to be about 25m to 30m wide,
about 40m to 50m plan length and with depths between
about 3m to 5m, all of which suggests that over a 1,000m?
of material was mobilised.

A photogrammetric model of the Yiu Hing Road landslide
supplied by Millis

Reviews of the available photographs suggest that the land-
slide comprised a translational debris slide that occurred
along a highly persistent and adversely oriented discontinuity
at, or slightly beneath, rockhead level. The orientation and
high persistence of the discontinuity at the rupture surface,
together with the notable presence of other discontinuities
with similar conditions elsewhere throughout the hillside, is
suggestive of the feature being a sheeting joint.
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Given the high proportion of rock within the landslide debris
and the fact that a significant amount of this comprised an-
gular rock fragments, as opposed to the rounded boulders
typically associated with granitic corestones, initial interpret-
tations are that the rupture surface formed along a shallow
and persistent sheeting joint.

Another photogrammetric model of Yiu Hing Road supplied
by Millis

The groundmass above this was most likely mobilised as a
result of the build-up of high transient porewater pressures
along the sheeting joint. This build-up of porewater pressure
would have reduced the effective stress along the joint sur-
face to the point where shearing was initiated and the over-
lying sheeting slabs and weathered material were mobilised
downslope.

Although it’s hard to say with any certainty until the scar has
been inspected in detail, notable areas with a lighter hue are
apparent on the rupture surface suggesting the possible
presence of kaolin on the joint surface, which would have
further reduced its shear strength. The presence of kaolin-
rich zones and kaolin infill in low angle discontinuities (e.g.
sheeting joints) in the zones close to the weathering front is
not uncommon and has been observed in several highly no-
table past landslides such as those at Shum Wan Road (1995)
and Fei Tsui Road (1995).

Risk factors

The main factor contributing to landslide risk in Hong Kong is
the proximity of infrastructure and developments to areas of
steep terrain. With a natural topography that essentially
comprises a bunch of hills poking out of the sea, readily de-
velopable land is scarce.

With most of the easily developable areas on flat land used
up long ago, there has generally been two options available
for new development, either reclaim land from the sea, or
undertake site formation to develop land within hilly terrain.

Although reclamation has been used extensively in the past
and is starting to be increasingly used again, the majority of
the major developments in the last 20 to 30 years have taken
place within the urban fringe and along the foot slopes of
major hillsides. This encroachment into hilly areas means the
risks from landslides are ever present.

Landslides are therefore not uncommon in Hong Kong, with
the territory having experienced an average of about 300 fail-
ures a year over the last 35 years.

However, what has changed over the last few decades is the
nature and impact of the landslides that we are having. While
numerous large-scale failures of man-made slopes and re-
taining walls occurred in the 1970s and 1980s, the measures
implemented by the government in Hong Kong over the last

TA NEA THZ EEEEI'M - Ap. 179 - ZENTEMBPIOZ 2023

40 years means that the landslides currently occurring are
either much smaller scale failures on man-made slopes and
retaining walls or landslides coming from natural hillside ar-
eas.

History of landslides

Hong Kong has what is widely considered to be the most pro-
active, progressive and well managed system for landslide
risk management globally. The government is currently
spending around HK$1bn (£103M) annually specifically on
landslide risk management that facilitates the study and up-
grading of man-made slopes as well as the mitigation of nat-
ural terrain hazards, a commitment to slope safety that I
think nowhere else in the world even comes close to.

Landslide risk management in Hong Kong really kicked off in
the late-1970s following the catastrophic and fatal landslides
at Sau Mau Ping, where major fill slope failures in 1972 and
1976 resulted in close to 100 fatalities, and Po Shan Road in
1972, where instability within a site formation project led to
undermining of the adjacent hillside and a major debris flow
that resulted in 67 fatalities. These incidents highlighted the
risks associated with the various man-made slopes and walls
throughout the HKSAR.

In 1977, the Hong Kong Government set up the Geotechnical
Control Office (GCO), subsequently renamed as the Geotech-
nical Engineering Office (GEQO) in 1991, to enact tighter con-
trol of geotechnical works in the territory. A core aspect of
this was the establishment of a long-term programme called
the Landslip Preventive Measure (LPM) programme to deal
with sub-standard man-made slopes. The LPM programme
ran until 2010 and resulted in the upgrading of more than
4,500 government maintained man-made slopes and retain-
ing walls as well as the safety screening of over 5,000 pri-
vately owned slopes. After 2010, the LPM programme was
superseded by the Landslide Prevention and Mitigation
(LPMit) Programme with an expanded scope to prevent land-
slide risks from both man-made slopes as well the natural
hillsides beyond these.

The government’s efforts to reduce the risks from man-made
slopes and walls through their systematic study and upgrad-
ing under the LPM/LPMit programmes mean that the more
notable hazards typically come from the natural terrain hill-
sides surrounding our developments.

Probably the most significant recent example of this was the
rainstorm on 7 June 2008, which had an estimated return
period between 500 to 1,000 years and resulted in over 1,000
landslides on Lantau Island alone. These failures blocked sev-
eral key road links providing the sole access to rural commu-
nities on the island and resulted in the emergency evacuation
of over 25 village houses.

Sharing lessons

For other parts of the world, a huge amount can be learnt
from the way Hong Kong has managed slope and landslide
risk. Many governments around the world, especially within
the Asia region, are already closely liaising with the GEO and
consultants/practitioners in Hong Kong to draw from their ex-
perience and knowledge, with the main lesson being that pro-
active management of landslide risk rather than reactive re-
sponses to landslide events is a much more meaningful and
effective approach to adopt.

Who knows how bad an event like the 8 September 2023
rainstorm would have been for Hong Kong if we hadn't al-
ready had 40 years of detailed slope management in place.
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e Stuart Millis is the leader of the engineering geology team
for Arup in Hong Kong, where he’s been actively involved
with landslide studies since 1999. He’s also the current
chair of the Hong Kong Regional Group of the Geological
Society of London and the assistant editor (geotechnical)
of the Quarterly Journal of Engineering Geology and Hy-
drogeology.

(GROUND ENGINEERING, 18 September, 2023,
https://www.geplus.co.uk/opinion/a-huge-amount-can-be-
learnt-from-the-way-hong-kong-has-managed-landslide-
risk-18-09-2023)
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Slope Failures in weakly cemented vertical cliffs
Photos taken in August 2002

These photos were taken from The North-West coastline of
the Greek Island of Corfu. This side of the island is largely
characterized by the vertical slopes as shown in the above
Figure. One can easily observe the horizontal layering of the
sedimentary material. This material consists of weakly ce-
mented, silt, clay and sand in layers. While travelling along
the coastline one can see many failures such as those shown
in the Figure above, next to the sea but also in another ver-
tical slope well above the sea level. These failures are largely
shallow vertical plane failures caused by stress release frac-
turing and cantilever block falls. Interesting papers on the
failure mechanism of similar slopes along the coast of North-
ern California are published by Sitar (1990) and J. Hampton
(2002). This topic becomes especially important if there are
structures at the top of the cliff. Hampton (2002) has an in-
teresting photo of such failure at North Esplanade beach in
Pacifica, CA. A similar event of failure can be seen here!

Photo by: D. P. Zeccos
Geoengineer Website
=2 = http://www.geoengineer.org-

On the below photo you can see that consequent failures lead
to a sea-cliff retreat which consists a great hazard for the
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structure. Already the retaining wall of the garden has been
undermined and failed.

Photo by: D. P. Zeccos
Website

References:

e Sitar, N. (1990), Seismic Response of steep slopes in
weakly cemented sands and gravels, Proceedings of the
H.B. Seed Memorial Symposium, Bitech Publishers, Van-
couver, BC, pp.67-82.

e Hampton, A. (2002), Gravitational failure of sea cliffs in
weakly lithified sediment, Environmental & Engineering
Geoscience, vol. VIII, No.3, August 2002, pp.175-191.

(geoengineer, 24.09.2023, https://www.geoengi-

neer.org/education/landslides/slope-failures-in-weakly-ce-

mented-vertical-cliffs)
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Geo-Legends
Karl Terzaghi (1883 - 1963)

"Soil mechanics is the application of the laws of mechanics
and hydraulics to engineering problems dealing with sedi-
ments and other unconsolidated accumulations of solid par-
ticles." "Few men in a lifetime have exerted an influence on
their profession to compare with that of Karl Terzaghi on civil
engineering and engineering geology" stated Arthur Casa-
grande in a memoir honoring his late mentor and friend. Until
Terzaghi formally developed the field of soil mechanics, geo-
technical engineering relied almost exclusively on experience
and guesswork.

The colorful Austrian was born on October 2, 1883 in Prague
where his father, Lieutenant-colonel Anton von Terzaghi, was
stationed. Instead of following the military tradition of his
forefathers, Terzaghi enrolled at the Technical University in
Graz and graduated in 1904 with a "Diplom-Ingenieur"
(M.Sc.) in mechanical engineering. Upon graduation Terzaghi
worked for a Viennese engineering firm that specialized in
dams and hydroelectric power plants. Practical experience on
projects in Croatia and Russia, combined with a growing in-
terest in geology, exposed Terzaghi to the gaps in knowledge
between the geological conditions underlying construction
projects and the engineering consequences resulting from
these conditions.

After completing his doctorate degree in technical sciences in
1912 and a brief visit to the United States to explore the lim-
ited advances in earthwork engineering, Terzaghi returned to
Europe as war broke out, serving two years as commanding
officer of an aeronautical testing station near Vienna. In 1916
he was transferred to Constantinople to become a professor
of foundation engineering at the Imperial Ottoman School of
Engineering and later at Bogazici University. It was in Turkey
that the young engineer first attempted to quantify the prop-
erties of the vast spectrum of soils by means of systematic
experimentation. His findings were published in his seminal
1925 work Erdbaumechanik auf Bodenphysikalischer Grund-
lage (Earthwork Mechanics based on the Physics of Soils)
which contained the fundamental differential equation for the
consolidation process associated with clay compression, an
equation analogous to the diffusion equation governing the
time-dependent flow of heat in solids. The book also contains
the theory of effective stress to explain the behavior of soils
under loads. The success of the book led to positions at MIT
and the Technical University of Vienna.

Although Terzaghi's ideas were met with skepticism in some
civil engineering circles, he continued to write, lecture, and
demonstrate the validity of his concepts by their practical ap-
plication. As momentum within the new discipline grew dur-
ing the 1930s, Terzaghi's disciple Arthur Casagrande orga-
nized the International Society of Soil Mechanics and Foun-
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dation Engineering. Terzaghi was elected the society's first
President. Hitler's occupation of Austria brought Terzaghi and
his family permanently to Harvard, where between 1938 and
1960 he would write two books and publish over 100 papers
on topics ranging from the stability of slopes and conditions
for the failure of soils to vibration problems and drainage me-
chanics. During the same period, Terzaghi's consulting work
extended to earth dams, the stabilization of landslides, foun-
dations for buildings, waterfronts, highways and airports. His
second wife and geology PhD, Ruth Doggett, became a
trusted associate and often accompanied Terzaghi on these
consulting trips. Karl Terzaghi remains the only engineer to
receive the Norman medal four times, the highest award of
the American Society of Civil Engineers.

https://www.asce.org/about-civil-engineering/history-and-
heritage/notable-civil-engineers/karl-terzaghi
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Geo-Legends
Arthur Casagrande (1902 - 1981)

As one of the pioneers in the area of earth fill dam design,
the name Arthur Casagrande cannot be separated from that
of his fellow countryman, mentor, and colleague, Karl Ter-
zaghi. Together, Casagrande and Terzaghi built the influen-
tial discipline of soil mechanics and were personally respon-
sible for the application of their groundbreaking theories to
hundreds of large-scale construction projects in America and
abroad.

Arthur Casagrande was born in the Italian section of the Aus-
tria-Hungary Empire in 1902. Arthur was a violin prodigy as
a child, but as he matured his interests shifted from music to
engineering. He received his education in civil engineering
with an emphasis on hydraulics. Upon completion of his stud-
ies he headed to America and became a steel detailer and
draftsman for Carnegie Steel in New Jersey. In the summer
of 1924 while visiting the Massachusetts Institute of Technol-
ogy to apply for position in hydraulic engineering, Casa-
grande met Karl Terzaghi by chance. After the two country-
men discussed Terzaghi's new book, Erdbaumechanik auf Bo-
denphysikalischer Grundlage ("Earthwork mechanics based
on the physics of soils"), Terzaghi asked Casagrande to serve
as his research assistant on a consulting project for the U.S.
Bureau of Public Roads. During his two years working with
the Bureau, Casagrande focused on soil classification, shear
testing and frost action in soils.

Though Casagrande did not hold a doctorate, he became a
full time lecturer at MIT in 1926. He would also informally
serve as his mentor's representative in America after Ter-
zaghi took a position at the Technical University of Vienna. In
1932 Casagrande accepted an assistant professorship at Har-
vard University. That same year Terzaghi encouraged Casa-
grande to come to the Technical University of Vienna and ob-
tain his doctorate in engineering science. This entailed sitting
for his oral doctorate exams, which Terzaghi chaired, and
submitting the work already completed at MIT. Returning to
Harvard with his doctorate, Casagrande initiated a program
in soil mechanics, which would eventually grow into the pres-
tigious soils engineering group at Harvard. In 1936 he orga-
nized the First International Conference on Soil Mechanics
and Foundation Engineering, and used the event to highlight
the work of his friend and mentor. After the conference Casa-
grande negotiated a temporary position at Harvard for Ter-
zaghi, a temporary position that would turn into 25 years of
collaboration between the two men. In 1936 Casagrande also
published his influential paper on the characteristics of cohe-
sionless soils affecting the stability of slopes and earth fills.
The paper addresses the problem of liquefaction, a phenom-
enon in which the strength and stiffness of a soil is reduced
by earthquake shaking or other rapid loading. Casagrande's
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fundamental research eventually led to the formulation of cri-
teria and tests that defined the growing understanding of soil
behavior under load.

Because of the real world applications of Casagrande's work,
much of his career was spent consulting on a variety of large-
scale construction projects. During World War II the Army
Corps of Engineers and Bureau of Reclamation commissioned
Casagrande to derive a unified classification system of soils.
Other projects included an analysis of soil mechanics in the
design and construction of Boston's Logan Airport, the foun-
dation designs for hydropower dams on three continents, and
the report to the U.S. Department of the Interior on the fail-
ure of Teton Dam in Idaho. Casagrande served as President
of the International Society of Soil Mechanics and Foundation
Engineering from 1961 to 1965. Fittingly, he was the first
recipient of the Karl Terzaghi Award presented by the Amer-
ican Society of Civil Engineers.

Resources: Casagrande, Arthur, and Franklin Rendon. 1978a.
Gyratory shear apparatus: design, testing procedures, and
test results on undrained sand. Vicksburg, Miss.: The Sta-
tion. Casagrande, Arthur, and Franklin Rendon. 1978b. Gy-
ratory shear apparatus [microform]: design, testing proce-
dures, and test results on undrained sand. Vicksburg, Miss.:
The Station. Casagrande, Arthur, and Stanley De Wolf Wil-
son. 1953. Effects of stress history on the strength of clays.
Cambridge: Harvard University.

https://www.asce.org/about-civil-engineering/history-and-
heritage/notable-civil-engineers/arthur-casagrande

ZeAida 13



https://www.asce.org/about-civil-engineering/history-and-heritage/notable-civil-engineers/arthur-casagrande
https://www.asce.org/about-civil-engineering/history-and-heritage/notable-civil-engineers/arthur-casagrande
https://www.linkedin.com/groups/1579967?q=highlightedFeedForGroups&highlightedUpdateUrn=urn%3Ali%3AgroupPost%3A1579967-7099753752244469760
https://www.linkedin.com/groups/1579967?q=highlightedFeedForGroups&highlightedUpdateUrn=urn%3Ali%3AgroupPost%3A1579967-7099753752244469760

The failed dams in Wadi Derna in Libya

Information is now emerging about the two dams that col-
lapsed to cause the devastating floods in Libya

As the devastation caused by the catastrophic flooding in the
port city of Derna in Libya becomes clear, the media has fo-
cused on the damage to the urban area and the appalling
stories of loss. Before and after satellite images are now
available, together with some mobile phone imagery, that il-
lustrate the scale of the catastrophe. There is no doubt that
the magnitude of the damage indicates that this was far more
than a rainfall-induced river flood, with the finger of blame
being pointed at two dams upstream of the city in Wadi Derna
(also spelt Darnah in some places).

The two dams are clearly visible on Google Earth. The first is
located at 32.658, 22.578:-

The upper (Al-Bilad) dam in Wadi Derna, as shown on
Google Earth. Image from June 2023.

The second is about 1 km above the city at 32.752, 22.631:-

The lower (Abu Mansour) dam in Wadi Derna, as shown on
Google Earth. Image from June 2023.

There is an article in Arabic on the News Libya website that
explains the history of the dams. It notes that Derna has been
subject to a sequence of floods emanating from the Wadi,
including major events in 1941, 1959 and 1968. The 1959
flood appears to have been particularly catastrophic.

So, in the 1960s studies indicated that the dams should be
constructed to protect the city. The dams were constructed
in the 1970s by a Yugoslavian company. The upper dam was
called the Al-Bilad Dam, with a storage capacity of 1.5 million
cubic metres of water, whilst the lower dam, the Abu Mansour
Dam, had a storage capacity of 22.5 million cubic metres.
The dams had a core of compacted clay with a carapace of
stone.
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Planet imagery is now available showing the sites of the two
dams after the disaster. This is the upper (Al-Bilad) dam:-

Satellite image of the site of the Al Bilal Dam in Wadi Derna,
Libya. Image copyright Planet, used with permission. Image
dated 12 September 2023.

The image clearly shows that the dam has indeed collapsed
and been washed away, and that a large flood occurred
downstream. The indications are that this was a catastrophic
failure.

The lower (Abu Mansour) dam has also been lost, although
the Planet image is currently partially obscured by cloud:-

Satellite image of the site of the Abu Mansour Dam in Wadi
Derna, Libya. Image copyright Planet, used with permission.
Image dated 12 September 2023.

The most likely scenario is a cascading hazard in which the
first dam was overwhelmed and collapsed, releasing a torrent
of water and sediment downstream. This would have mixed
with water in the channel to overwhelm the lower dam, which
clearly collapsed catastrophically too. This scenario needs
further study.

The location of the lower dam just 1 km upstream of the city
was a contributing factor. Such a short distance meant that
the flood had almost no opportunity to dissipate, so Derna
received the full force of the torrent.

Work is now needed to understand the causes of the disaster.
Clearly the rainfall associated with Storm Daniel was extreme
- over 200 mm has been reported. This large total might
have exceeded the design capacity of the structures. It will
be interesting to see whether this total can be attributed to
climate change. Derna suffered floods in 1986, but the dams
succeeded in managing the water to avoid serious damage to
the city. It will be key to compare the 2023 event to previous
storms.
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There are also claims that maintenance of the dams might
have been deficient. These are comparatively old structures
(50 years), so are likely to have needed attention.

Finally, of course, a population that has been subjected to
conflict and a failed government will have had a high level of
vulnerability, which will increase the death toll.

It is worth noting that Derna is now unprotected from further
flood events. However, mustering the resources to rebuild
the dams is likely to be very difficult given the state of civil
society in Libya.

(Dave Petley / THE LANDSLIDE BLOG, 13 September 2023,
https://eos.org/thelandslideblog/the-failed-dams-in-wadi-
derna-in-libya)

Libya dam collapse: engineering expert raises
questions about management

Satellite imagery after the catastrophic flooding that struck
the city of Derna. Satellite image (c) 2023 Maxar Technolo-
gies/Getty Images

More than 11,000 people have been killed and tens of thou-
sands are missing following the catastrophic collapse of two
dams in the eastern Libyan city of Derna. The dam collapse
came after an extreme storm, Storm Daniel, slammed into
the north African country. The Conversation Africa’s Moina
Spooner asked water resources and engineering expert Nad-
hir Al-Ansari, who has researched the design and safety of
dams, to provide insights into the disaster.

How does extreme weather affect the stability of
dams?

Dams are usually built to withstand heavy rainfall or drought.
The design and construction of a dam takes into considera-
tion all possible effects. All factors, including the type of
building materials, the design of the foundation and the sta-
bility of a dam, as well as expected floods and earthquakes
and even military action, are taken into consideration when
planning a dam.

Aside from how the dam is constructed, there should be
safety provisions in place. For instance, in cases of storms,
the engineers should release the water to ensure that a dam'’s
maximum carrying capacity is not exceeded.

In the Libyan case, I believe that the management of the
dams was not good. The engineer responsible for the dam
should have made sure the water did not exceed the dam’s
upper carrying capacity. When he noticed that a huge volume
of water was entering the reservoir he should have released
large quantities of water to keep its level lower than the up-
per limit.
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Research (bttps://www.researchgate.net/publica-
tion/342270305 Dam Safety General Considerations)
shows that the main causes of dam failure are foundation
problems (40%), inadequate spillway (23%), poor construc-
tion (12%) and uneven settlement (10%). A site for a dam
will not always be level because dams are built in mountain
areas, but the designers must take that into consideration.
The dam design must suit the topography. Among the rarer
causes of dam failures are acts of war (3%), defective mate-
rail (2%) and earthquakes (1%).

In Libya’s case, bad management appears to have been the
cause of the dam’s collapse.

Could this tragedy have been avoided?

Yes, if the responsible people operating the dams had opened
the gates to release water. When those responsible for the
water management of the dam ignore heavy rainfall then one
can expect such disasters to occur.

Dam managers should also know each dam’s catchment area
and how much rainfall is forecast. This requires coordination
between meteorologists and the staff responsible for the
management of dams. When heavy rainfall is expected, the
meteorology department should inform dam managers who
can then make arrangements for the release of water to keep
it within the dam’s operational limits. This is the usual prac-
tice in all the dams I've studied in Irag.

In this case, there must have been a breakdown in commu-
nication between meteorological department and engineers
managing the dams.

How do engineers and authorities typically monitor the
structural integrity of dams?

Dams should have a regular inspection programmer that
takes into consideration all parts of the dam. All countries
with dams, whether in the US, Iraq or Sweden, have regular
inspections. There should be instruments for monitoring
cracks in a dam’s walls and any changes in its structure. Once
identified, they must be attended to immediately.

In Libya’s case, if they had opened the sluice gates to keep
water within the dam’s carrying capacity, the collapse of the
dams would have caused less damage.

Are there emerging technologies or innovations to im-
prove safety?

There are a number of models and techniques and each dam
has its own model or technique that the designer suggests.
Planning for extreme weather events is usually done at the
design stage of the dam. The designer is meant to give a
thorough report on the stability of the dam against various
factors, including weather.

Different scenarios are given according to the water level in
the reservoir of the dam to prevent dam failure. The govern-
ment concerned should know what to do in case of dam fail-
ure, guided by the design information. For instance, in my
study of Irag’s Mosul dam, which took place after the dam
was constructed, I suggested that a protection dam be built
downstream to secure the safety of the downstream area and
its population. Safety steps can be taken even after construc-
tion of the dam.

The other safety measures relate to housing and other de-
velopments in areas downstream. In Libya’s case, there was
poor planning. The areas downstream from the dams should
not have been used for housing.
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Ultimately, the dam failure in Libya could have been pre-
vented, or at least the losses could have been minimized, if
the engineers on site had released the water from the res-
ervoir once the storm started.

(Nadir Al-Ansari / THE CONVERSATION, September 15,
2023, https://theconversation.com/libya-dam-collapse-en-

gineering-expert-raises-questions-about-management-
213546)
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Comparing vulnerabilities of CFRDs and ECRDs
Martin WIELAND

Concrete-faced rockfill dams (CFRD) have been the
preferred dam type for high embankment dams for al-
most fifty years. They are claimed to be the safest dam
type by their proponents. Here, Martin Wieland dis-
cusses the vulnerabilities of CFRDs and provides a
comparison with earth core rockfill dams (ECRD) - the
dam type which was replaced by CFRDs

In recent years concrete-faced rockfill dams (CFRDs) have
been built in increasing number as an economic alternative
to conventional earth-core rockfill dams (ECRDs). Several of
these dams already completed or under construction have
heights exceeding 150m. CFRDs are also built in seismically
active regions. They have been claimed to be the safest dam
type by their developers. Today, such claims are also made
for asphalt core rockfill dams. The two basic failure modes of
embankment dams are progressive erosion due to overtop-
ping and internal erosion.

Protection against overtopping can be provided by an ade-
quate freeboard, by widening and strengthening the crest, by
wave walls on the crest, etc. In composite dams consisting of
a concrete section and embankment sections or dams with
saddle dams, the overtopping risk of the embankment dam
and the saddle dams, which are usually embankment dams
themselves, can be reduced by increasing their height (Figure
1) so that in the worst case the concrete section of a compo-
site dam will be overtopped dam, but not the vulnerable em-
bankment dams.

Figure 1. Detail of transition in crest elevation between con-

crete dam section in the foreground and rockfill dam in the

background to prevent overtopping of the rockfill dam sec-

tion (Kenering dam in Malaysia, a composite concrete grav-
ity dam with two rockfill dams at abutments)

Maximum overtopping depths of up to about 2m may be ac-
cepted for concrete dams. However, the sliding stability of
overtopped dams must be checked. This may be a safety
problem for small gravity dams, but usually not for high con-
crete dams. In storage schemes comprising a main dam and
saddle dams, one of the saddle dams could be used as a fuse
plug or emergency spillway and the crest elevations of the
other dams forming the reservoir should be higher than that
of the fuse plug.

Using adequate filters embankment dams can be protected
against internal erosion. Due to seismic deformations or slope
failure the filter may be damaged. Dams with thin filters,
whereby many of them are older dams, are vulnerable to
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such deformations.

As dams may be subjected to many different hazards from
the natural and man-made environments as well as site-spe-
cific and project-specific hazards (Wieland, 2023), which may
affect dams in different ways, it is too soon to maintain that
certain dam types are safer than others. For example, a com-
parison of different dam types (CFRD, ECRD, gravity dam and
arch dam) subjected to the multiple hazards associated with
strong earthquakes, i.e. ground shaking, movements of
faults or discontinuities in the footprint of dams and rockfalls
at the dam site, was made by Wieland (2016). This qualita-
tive comparison showed that for the abovementioned seismic
hazards the best solution would be a conventional ECRD, as
CFRDs would be vulnerable to fault movements, rockfalls on
the face slab and ground shaking due to the different defor-
mational and strength properties of the concrete face and the
rockfill. However, the damage to the face slab due to rockfalls
could be prevented by rockfall nets and other protective
measures and the problems caused by the different deforma-
tional behaviour of the concrete face and the rockfill could be
overcome by using rockfill with a high modulus of elasticity
and by providing adequate vertical and horizontal joints in
the face slab.

Because of the high permeability of rockfill, CFRDs should not
fail if leakage through the face slab occurs, which also applies
to asphalt core rockfill dams. However, in order to achieve a
high stiffness of the rockfill, the grain distribution must in-
clude a fraction of relatively fine particles, which influences
the permeability of the rockfill and a water table may develop
near the base of the dam, depending on the amount of leak-
age through the concrete face, i.e. mainly through the joint
sealing system.

The primary objective of this paper is to discuss the main
factors, which could damage the concrete face, the joints be-
tween concrete slabs, waterstops and the plinth, and to pro-
vide recommendations on how these damages may be pre-
vented or minimized.

One must also keep in mind that like other dams, CFRDs are
prototypes, therefore generalizations are difficult and the
damage that could occur in one dam may not occur in another
one.

Failure or near-failure of CFRDs

The performance of CFRDs have been discussed by Maru-
lando and Marulando (2008). They listed several high CFRDs,
in which damage occurred in face slabs. Based on these ob-
servations, improvements were made in the design of face
slabs and the water proofing system of the joints, which also
account for larger joint movements as experienced, e.g. un-
der seismic action.

Up to now the following CFRDs have failed: (i) Gouhou CFRD
in China due to seepage and internal erosion (Zhang and
Chen, 2006) and (ii) Taum Sauk CFRD in the US due to over-
topping (ASDSO, 2005).

Gouhou Dam, a 71m high concrete-faced rockfill dam with a
crest length of 265m, which was completed in 1990 in Qing-
hai Province, China, stored a reservoir with a volume of
3.1Mm3. Reservoir impoundment started during the con-
struction of the dam and when it was completed the reservoir
level was 3.9m below the normal water level and seepage
flow was observed in the downstream slope. When the res-
ervoir level reached a maximum on August 27, 1993, seep-
age increased and caused failure of the dam. About 320 peo-
ple were killed due to the catastrophic release of the reservoir
water. The main reasons for this incident were the leakage
through the horizontal joint of the concrete face and the par-
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apet wall structure on the dam crest, and rockfill materials
that were susceptible to internal erosion.

The embankment dam forming the upper reservoir of the
Taum Sauk Pump Storage Plant in Missouri, US, completed
in 1962 and failed on December 14, 2005, due to pumping
when the reservoir was full, causing overtopping of the dam
and progressive erosion and dam failure (Figure 2). Fortu-
nately, nobody was killed in the flood wave resulting from the
dam s failure, but the damage was estimated at US$1 bil-
lion.

Figure 2. View of breach of shotcrete CFRD of upper reser-
voir of the Taum Sauk Pump Storage Plant caused by over-
topping (ASDSO, 2005)

The embankment dam of the Upper Reservoir, was made of
dumped, uncompacted rockfill. The inside of the reservoir
was lined with shotcrete. In 2004, a geomembrane liner was
installed to reduce the leakage through cracks in the shot-
crete caused by differential settlements (ASDSO, 2005). Be-
cause this shotcrete liner was the water proofing element of
this dam it is considered to be a type of CFRD, although this
face slab has little in common with that of the CFRDs built
today.

The main reasons for this dam failure were deficient water
gauges, so that the operator was not aware that the reservoir
was full and with the absence of any spillway. Although there
was no inflow into the upper reservoir, a spillway with a min-
imum discharge capacity equal to the maximum pump ca-
pacity would be needed.

The failure of the Gouhou CFRD may be considered as repre-
sentative for the internal erosion failure mode and the failure
of the Taum Sauk CFRD as representative for the overtopping
failure mode.

In 2014 the 90m high Tokwe Mukosi CFRD in Zimbabwe,
which stores a reservoir with 1.75km?3, nearly failed during a
severe flood in February 2014, when the dam was still under
construction and the upstream concrete face was not yet
built. Severe seepage occurred as shown in Figure 3 as no
waterproofing membrane was in place.

o

Figure 3. Seepage through Tokwe Mukosi CFRD during a severe
flood in 2014 in Zimbabwe, when the dam was still under con-
struction and the concrete face was not yet in place (CC BY 4.0)
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With some delays the dam was completed and was commis-
sioned in 2017. This important case study shows that exces-
sive seepage through the rockfill can endanger the safety of
CFRDs and that they may not be inherently safe as claimed
by the designers of these dams. Of course, this also applies
to rockfill dams with other types of upstream membranes,
such as asphaltic concrete membranes or geomembranes or
asphalt core rockfill dams.

Regarding the load bearing behaviour of CFRDs or other
dams with an upstream waterproofing membrane, the trans-
fer of the water load to the foundation rock is much more
efficient than in the case of ECRDs, asphalt core rockfill dams
or dams with a concrete core wall.

The main advantage of CFRDs is the significantly smaller dam
volume than a comparable ECRD as the upstream and down-
stream dam slopes are generally steeper than those of EC-
RDs. ECRDs also require large quantities of core materials,
which may not be readily available at some sites.

However, in this paper, the focus will be on safety aspects of
CFRDs and the weakest element in CFRDs is the concrete
face, which must be watertight. In this discussion, the bench-
mark will be conservatively designed CFRDs, which may be
considered to be the most resilient embankment dam type.
But we must keep in mind that all embankment dams are
vulnerable to overtopping and, therefore, as a prerequisite
these dams must have adequate flood discharge outlets. To-
day, the safety flood for embankment dams is the PMF (prob-
able maximum flood), which must be released under the fol-
lowing assumptions:

e The power plant is out of operation, i.e. no discharge
through power waterways.

e The outlet (spillway opening or low-level outlet) with the
largest discharge capacity is closed. In dams with several
spillway openings more than one opening has to be as-
sumed to be closed.

e The maximum water level in the reservoir shall not ex-
ceed the top of the impervious core of ECRDs. For CFRDs
the reservoir level may be up to the dam crest. Special
criteria may apply to account for waves in the reservoir
and storm surges in large reservoirs.

The present discussion also applies to saddle dams, whose
failure has similar consequences to the failure of the main
dam. If the same safety criteria have to be applied to the
levees of run-of-river power plants as for saddle dams, this
is not addressed in this paper because levees may be consid-
ered to be a kind of saddle dam.

We must also recognize that a dam with a long economic and
safe life requires a good design, good quality of all construc-
tion works, regular maintenance and continuous safety mon-
itoring.

Hazards affecting CFRDs

The hazards affecting the safety of all types of dam were dis-
cussed by Wieland (2023). The main hazards relevant for
CFRDs can be classified as follows:

1. Natural hazards:

e Flood hazard (overtopping of dam, sedimentation of res-
ervoir or blocking of spillway by floating debris).

e Earthquake hazard (inelastic deformations of dam body
due to ground shaking or deformations in the dam foot-
print).
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e Mass movement at dam site (damage of dam crest and
concrete slabs).

e Mass movement into reservoir (impulse wave causing
overtopping of dam).

e Water waves in reservoir (damage of riprap at the up-
stream face of ECRDs, local destabilisation of reservoir
slopes).

e Temperature effects (cracking of concrete slabs and cor-
rosion of reinforcement).

2. Man-made hazards:

e Design errors, low quality construction works and lack of
or faulty maintenance, etc.

e Terrorism and acts of war.

3. Project-specific hazards:

e Dam geometry and layout of face slab with plinth.

e Ageing of face slab (cracking and corrosion of reinforce-
ment) and waterstops.

e Effect of inelastic static and seismic deformations of the
dam body on in-plane stresses in the face slab, taking into
account the arrangement and detailing of the joints.

e Temperature effects on face slab especially in drying-wet-
ting zone of the face slab.

o Permeability of rockfill and vulnerability to internal ero-
sion, etc.

e Physical degradation of rockfill, collapse settlement, stiff-
ness of rockfill, etc.

e Modifications in dam body and repair works.

4. Site-specific hazards:

e Topography and geometry of dam body.

e Geology (permeable rock, clay interfaces in foundation,
karst, etc.) and local site conditions (soil cover, liquefiable
material, etc.).

e Seepage in foundation and arrangement of grout curtain
or cut-off wall.

e Effect of changes in the ground water table due to reser-
voir impounding on slope stability, weakening of rock or
causing differential foundation movements, etc.

This list is quite exhaustive. Item (3) is mainly related to
CFRDs and the face slab, whereas the other items apply to
both CFRDS and ECRDs as well as to other types of embank-
ment dam. However, these hazards - many of which are
time-dependent - have different effects on CFRDS and EC-
RDs. In general, the safety implications of these hazards for
ECRDs and other conventional embankment dams are quite
well understood, but the long-term behaviour of CFRDS and
other new types of dam is less well understood as they may
not yet have experienced extreme or unusual events. There-
fore, in future some dams may have to be upgraded and the
design and safety criteria, etc. must be updated. These peri-
odic safety reviews are standard practice in the dam industry.
They also include the time-dependent effects of climate
change hazards.

It is not the intention to discuss each of the above hazards
and its effect on the safety of the face slab of CFRDs as every
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dam project is unique since in terms of dam safety the prior-
ity order of hazards varies.

The main safety aspects of the concrete face discussed in the
subsequent sections are as follows:

e Observed damage in face slabs.

e Different deformational behaviour of rockfill and the rein-
forced concrete of the face slab.

e Detailing of joints in the face slab.
Different hazards may contribute to these items.

Because earthquakes may produce the largest stresses and
deformations in all types of dams, emphasis will be put on
this extreme load case in the subsequent sections. The seis-
mic load combination also includes the usual static loads such
as dead load, water load and silt load. Therefore, if a dam is
structurally safe for the seismic load combination, it will also
be safe for the static loads. This also applies to CFRDs. Wie-
land (2010) and Wieland and Brenner (2007) have discussed
different seismic safety aspects for CFRDs. The present paper
is basically an extension of these papers as new information
has become available and several high CFRDs have been built
or are under construction. In China, there are plans to build
CFRDs with heights up to 300m, in which seismic perfor-
mance and safety aspects will play an even greater role in
the future. Extreme man-made effects such as terrorism and
acts of war are not discussed. Face slabs could be damaged
by such actions quite easily.

For the safety assessment of dams, the extreme seismic load
combination must be analysed. This means that the recent
failures of old water storage dams in the US and tailings dams
in Brazil and Australia, which were attributed to static lique-
faction, would never have been declared safe if the extreme
seismic load combination had been considered in the safety
analyses.

Observed damage of face slabs of CFRDs and damage
analysis

Damage to face slabs has been observed at different CFRDs,
mainly for very high dams. The main reasons for the damage,
which also caused an increase in the seepage through the
dam body, may be summarized as follows:

e |eakage of joints in the face slab due to inadequate joint
detailing and installation of waterstops.

e High in-plane stresses in face slab due to deformations of
rockfill causing damage of joints and cracks in face slab,
when the biaxial strength of the reinforced concrete slab
is exceeded.

e Impact damage of slab elements close to abutments due
to rockfall.

e Shrinkage and thermal cracks in concrete slabs resulting
in accelerated corrosion of reinforcement in face slab.

Typical damage along vertical and horizontal joints in the face
slab of the 156m high Zipingpu CFRD in China are shown in
Figures 4 and 5. This damage was caused by the ground
shaking during the magnitude 8 Wenchuan earthquake of
May 12, 2008. The concrete spalling along the vertical joint
was the result of large normal stresses and the detailing of
the joint (Figure 4). It is interesting to note that the joint
damage is all along the joint despite the fact that the thick-
ness of the concrete slab increases linearly from the top to
the bottom of the dam. This means that the high compressive
stresses in the face slab are almost independent of the slab
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thickness. This is typical for structural elements subjected to
imposed deformations like, e.g., restrained temperature
strains. Unlike the overthrust displacement shown in Figure
5, there is no such component visible along the damaged
joint in Figure 4.

Figure 4a. Damage to vertical joint of Zipingpu CFRD caused
by the 2008 Wenchuan earthquake in China (4a) and the
repair of a damaged vertical joint (4b). During the earth-
quake the reservoir volume was about 30% of that due to

normal water level (photos courtesy Xu Zeping)

Figure 4b. Damage to vertical joint of Zipingpu CFRD
caused by the 2008 Wenchuan earthquake in China (4a)
and the repair of a damaged vertical joint (4b). During the
earthquake the reservoir volume was about 30% of that
due to normal water level (photos courtesy Xu Zeping)
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Figure 5a. Damage of horizontal joint of Zipingpu CFRD
caused by the 2008 Wenchuan earthquake in China (photos
courtesy Xu Zeping)

Figure 5b. Damage of horizontal joint of Zipingpu CFRD
caused by the 2008 Wenchuan earthquake in China (photos
courtesy Xu Zeping)

The damage to the horizontal joint with the vertical offset and
the overthrust displacement is due to the differential move-
ment of the slab support caused by the deformations in the
rockfill, which cannot be prevented by the face slab (Figure
5).

The basic structural function of the face slab is to transfer
and distribute the water load over a larger area and to com-
pensate for any variations in the stiffness of the rockfill sup-
port. Therefore, for the hydrostatic and hydrodynamic loads
the face slab will experience some bending moments due to
nonuniform rockfill deformations. These bending moments
are rather small and will cause cracks as in reinforced con-
crete structures. In order to ensure watertightness the crack
width should be less than 0.1mm. This is a serviceability limit
state problem and not a strength problem.

In Figure 6 shrinkage cracks in the face slab of the 182m high
Nam Ngum 2 CFRD in Laos are shown. All visible cracks were
repaired to minimize any leakage through the face slab and
to protect the steel reinforcement from corrosion. Steel rein-
forcement was provided at the top and bottom of the con-
crete slab. The development of a shrinkage crack can be
avoided by using fibre reinforced concrete for the face slab,
which increases the tensile strength of concrete.

Figure 6. Repaired shrinkage cracks in the face slab of the

Nam Ngum 2 CFRD in Laos
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Discussion and analysis of damage mechanisms of face
slabs

The observed damage to the face slabs above the reservoir
level was the result of high in-plane stresses and was not
caused by the water load. These stresses are due to the dif-
ferent deformational behaviours of the rockfill and the con-
crete slab. The modulus of elasticity of rockfill may be of the
order of 100 MPa, whereas that of concrete under seismic
action may be 30-40 GPa, which is a factor of 300 to 400
times larger than that of rockfill. Therefore, if the rockfill por-
tion of the dam deforms, it is partly restrained by the face
slab and thus the shear stresses are mobilized along the rock-
fill-face slab interface. The shear stresses are limited by the
friction between the face slab and the rockfill, which depends
on the normal stresses due to the dead load of the face slab
and the water load. The friction forces are relatively small for
the face slabs above the reservoir level and increase almost
linearly with increasing water depth in the submerged part
and therefore the in-plane stresses will be much larger in the
submerged part of the face slab than in the part above the
reservoir level.

The in-plane stresses in the face slab are caused by the de-
formations of the rockfill support and such stresses are also
known as stresses due to imposed deformations, similar to
temperature, shrinkage and creep strains. These imposed
strains can be released by joints or cracks. Therefore, if an
adequate joint spacing and joint width between adjacent con-
crete slabs is provided, these strains can be reduced signifi-
cantly. Therefore, if concrete spalling is observed along joints
and cracks in face slabs, it can be assumed that the joints
are closed and compressive stresses can be transferred from
one slab to the other, i.e. the face slab acts almost as a mon-
olithic plate subjected to compressive stresses. In the case
of tension, the joints will open.

Usually, the selection of the joint width is based on the as-
sumed static deformations of the body of the rockfill dam,
which along the crest provide tension zones near both abut-
ments and compression in the centre of the crest. To mini-
mize in-plane stresses due to such deformations the joint
width in the compression zone should be increased. This con-
cept works for static deformations, i.e. dead load and water
load, however for seismic action the joints can be closed or
open because of the oscillatory nature of the ground motion.
Therefore, dynamic compressive stresses will occur even in
static tension zones when the joint is closed. These compres-
sive stresses may damage the joints when they reach the
values of the compressive strength of concrete, which are of
the order of 30 MPa. Cracks may also develop when the bi-
axial strength of the face slab is exceeded in zones with prin-
cipal stresses in tension and compression rather than under
biaxial compression. Inclined cracks are due to high shear
stresses.

If cracks develop or a joint is damaged due to high compres-
sive stresses, then in the case of imposed deformations or
seismic action the other parts of the face slab and the other
joints will be protected from similar damage. This is also an
observation made when tensile cracks are formed in concrete
dams due to seismic action.

Therefore, in order to protect the face slab from damage, it
is recommended that the width of the vertical joints is deter-
mined in such a way that they will not be closed under seis-
mic action. For this purpose, a three-dimensional dynamic
analysis of the CFRD is required.

As the slopes of CFRDs are usually much steeper than those
of ECRDs, the seismic deformations in the crest region of
CFRDs (horizontal displacements) are much larger than in
other types of embankment dams of similar height and with
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much flatter slopes. These deformations may create further
damage in this part of CFRDs, although this has not yet been
observed; but up to now only few CFRDs were exposed to
strong ground shaking.

Consequences of damage to the face slab of CFRDs

The consequences of damage to face slabs, i.e. joint leakage
and leakage through cracks in the face slabs, are an increase
in seepage through the dam. The amount of leakage de-
pends, on the one hand, on the crack width and the hydro-
static pressure, which is maximum at the base of the dam,
and, on the other hand, on the seepage through the joint
system.

Leakages as high as several m3/sec were observed in dams
with damaged face slabs or defect waterstops. For example,
for the 92m high Vajiralongkorn (Khao Laem) CFRD in Thai-
land the maximum seepage was 2m?3/sec and for the 202m
high Campos Novos CFRD in Brazil the seepage reached
11m3/sec.

In the case of Zipingpu CFRD, which suffered some face slab
damage as shown in Figures 4 and 5, the maximum seepage
depends on the reservoir level and was about 50 I/s for the
maximum reservoir level. At the time of the earthquake the
reservoir volume was only about 30% of that at the full sup-
ply level. Therefore, before the earthquake the seepage was
about 10 I/s, which increased shortly after the earthquake to
19 |/sec. This means that the damage caused in the sub-
merged lower portion of the dam was minor.

In general, leakage through the cracked face slab and joints
should not be a dam safety issue, but there are cases where
excessive leakage has caused severe safety problems. One
of the problems may be the use of low quality erodible rock-
fill.

Damage to the face slab may be higher near the crest due to
increased seismic deformations in this zone. Special
measures may be required, but the most effective means is
by providing flatter slopes of the CFRD. In highly seismic
zones the slopes could be 1:1.5 or even 1: 1.6, which is much
flatter than a value of 1:1.3 used in zones of low seismicity.
These high crest deformations are also a problem of other
types of impervious elements (e.g., asphalt cores or concrete
core walls), when slope failures near the crest could occur.

Conclusions

The main conclusions of the discussion of different safety as-
pects of CFRDs and their comparison with ECRDs are as fol-
lows:

1. CFRDs are vulnerable to overtopping like all types of em-
bankment dams. There are several reasons for overtop-
ping of dams such as inadequate spillway capacity or the
malfunction of spillways and/or low-level outlets.

2. The face slab is vulnerable to deformations of the dam
body, e.g. due to settlements after construction of the
face slab and due to seismic deformations. Such defor-
mations may cause cracking in the face slab or damage
to vertical (and horizontal - if any) joints. To minimize
deformation of the rockfill, it must have a high modulus
of elasticity, i.e. rockfill must be well-compacted and have
a proper grading of the particles.

3. It must be checked, if face slab leakage may create safety
problems to the dam. Fine material could be washed out
causing further dam deformations. In order to minimize
deformations of the dam body, the rockfill must be well
compacted and must have a high modulus of elasticity (or
deformation modulus), which can only be achieved by
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well-graded rockfill, i.e. there must be particle breaks
during compaction. Rockfill particles with very high
strength like basalt or some other types of rock with uni-
form particle size will result in rockfill of low modulus of
elasticity of, e.g., less than 50 MPa, whereas for high
CFRDs values exceeding 100 MPa are needed. The break-
age of rockfall pieces could mean that the rockfill will not
drain as quickly as assumed in the design and could lead
to a small rise in water level within the rockfill depending
on the amount of leakage through the face slab.

4. The face slab, joint sealing and plinth may be exposed to
falling rock near the abutments, and any damage to them
may cause local seepage in that part of the dam.

5. The face slab (near the crest) could also be damaged by
explosives or the impact of boats.

6. CFRDs could be damaged by strong earthquake ground
shaking as in the case of the Zipingpu CFRD in China,
during the 2008 Wenchuan earthquake. The detailing of
the vertical joints has a major impact on the damage to
face slabs under both static and seismic deformations. As
the slopes of CFRDs are much steeper than those of EC-
RDs, the seismic deformations in the crest region of
CFRDs (horizontal displacements) are much larger than in
other types of embankment dam of similar height and
with much flatter slopes. These deformations may create
further damage in this part of CFRDs.

7. CFRDs are vulnerable to fault movements in the footprint
of the dam and also to non-uniform foundation settle-
ments, especially when the dam is not built on rock.

8. CFRDs may have a shorter lifespan than ECRDs, due to
the corrosion of the reinforcement in the relatively thin
face slabs. Ultimately, the reinforcement will start to cor-
rode despite a concrete cover of the reinforcement of say
7-10 cm. Most vulnerable are cracked slabs and slabs
near the crest, which experience several wetting-drying
cycles or even frost cycles.

It may be concluded that face slab leakage is the main safety
concern and there is a need to evaluate the effect of this
leakage on the safety of the dam body, taking into account
that the permeability may be substantially less than assumed
in the design.

Martin WIELAND, Dr. sc. techn., Chairman of ICOLD
Committee on Seismic Aspects of Dam Design, Dam
Consultant, Dietikon, Switzerland and AFRY Switzer-
land, Zurich, Switzerland
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1. ISSMGE Council Meeting 13" August 2023 High-
lights

At the Council Meeting in Astana, Kazakhstan a decision was
made to instruct lawyers to produce draft Articles of Associ-
ation with a view to the ISSMGE becoming an Incorporated
Society. Incorporation will establish the ISSMGE as a legal
entity and enable the Society to continue to hold bank ac-
counts. The aim is to circulate draft Articles of Association to
Member Societies prior to seeking a unanimous vote to pro-
ceed with Incorporation late in 2023.

Other key points from the Council Meeting are:

The budget 2023 -2026 was presented by Graham Scholey
(VP for Australasia) and received majority support from
Council.

The term of appointment of the Secretary General, Professor
R Neil Taylor has ended and Professor Taylor has stepped
down after 24 years of service receiving thanks from Council,
led by the President. Dr Andrew McNamara is now the Sec-
retary General of ISSMGE.

The next in-person Council meeting will be held on the occa-
sion of the quadrennial international conference (21 ICMSGE)
to be held in Vienna, Austria 14-19 June 2026.

2. Message from Prof. Pierre Delage, Chair of the
ISSMGE Geo-Engineers without Barrier Committee
(GeoWB)

Dear Member Society Officers

This is a message from Pierre Delage, former TOC Chair. I
am now in charge of a new committee proposed by ISSMGE
Pdt Marc Ballouz called Geo-engineers without barriers (Ge-
oWB). The basic idea of the Committee is to do in our domain
of geotechnical engineering and natural risks what "Medecins
sans frontieres" do for health issues and sanitary disasters in
some countries: in link with local ISSMGE Member Societies,
relevant organisations and local contacts, to propose to coun-
tries affected by geo-disasters to rapidly send some volun-
teer experts in charge of rapidly providing a short report (3
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pages or more). The report would describe the observations
and conclusions drawn on the ground (more details here).
Geo-disasters may be earthquakes, landslides, floods, failure
of dykes, dam and tailing dams, collapse of geotechnical
structures, foundations, tunnels...

This message is to let you know the existence of this ISSMGE
Committee, within various perspectives:

- Some members of your Member Society (SM) may be
willing to act as volunteer expert for some geo-disaster,
preferably in a region close to yours.

- Your country might be, unfortunately, affected by some
geo-disaster. In this case, it would be good that, if you
wish, you inform GeoWB that you would like to have such
a support. Note that, in the case you have local experts
able to intervene and prepare the report, the ISSMGE
could support their travel expenses.

- Your country has close links with a country affected by a
geo-disaster but without any SM. Your links with the
country and local knowledge (including speaking the local
language) would then be quite useful for GeoWB experts
(either from your country or from another one, preferably
close and from the same region).

Note that the GeoWB committee is still in constitution and
that motivated candidates can apply to participate to the
GeoWB activities.

The ISSMGE thinks that mobilising our ISSMGE competent
worldwide network will definitely help the Society in case of
geo-disasters.

Thank you for your help, we look forward to receiving your
feedback.

Best wishes,
Pierre Delage

Chair of the ISSMGE Geo-Engineers without Barrier Commit-
tee (GeoWB)

3. ISSMGE BULLETIN

ISSMGE is launching a new bulletin edition and the President,
Vice-Presidents and all board members are encouraging you
to send an article or summary about your completed or
planned activities, or special projects in your country, for
publication in the next issue. Please send to the ISSMGE
Secretariat (secretariat@issmge.org) with a copy to the Edi-
tor-in-Chief, Professor Anthony Leung (ceanthony@ust.hk). .

Please keep feeding us with your exciting news regularly so
that our bulletin from now on becomes richer and more ani-
mated!

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

4. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 30% September 2023.
Click here for further information on the ISSMGE Foundation.

5. CONFERENCES

For a complete listing of all ISSMGE and ISSMGE supported
conferences, and full information on all events, including
deadlines, please go to the Events page at
https://www.issmge.org/events. For updated information
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please refer to that specific events website.

The following events have been added or amended since the
previous Circular:

ISSMGE EVENTS

GEOTECHNICS FOR OFFSHORE WIND IN JAPAN - 30-
10-2023 - 31-10-2023 Institute of Industrial Science, Uni-
versity of Tokyo, Japan; Language: English; Organiser:
TC209 and Japanese Geotechnical Society; Contact person:
Shinya Tachibana; Address: Kobe University; Email:
stachi@people.kobe-u.ac.jp; Website: https://confit.at-
las.jp/quide/event/geotechwind2023/top

INTERNATIONAL CONFERENCE ON GEOTECHNICAL EN-
GINEERING (ICGE'24) - 25-04-2024 - 27-04-2024
Hammamet, Tunisia; Language: English; Organiser: The Ge-
otechnical and Georisk Research Laboratory; Contact person:
National Engineering School of Tunis; Address: BP 37 Le Bel-
védere; Email: contact@icge24.com; Website:
http://www.icge24.com;

GEOSHANGHAI 2024 - 26-05-2024 - 29-05-2024 WH
MING HOTEL, China, Shanghai; Language: English; Organ-
iser: Tongji University; Contact person: Mingliang Zhou; Ad-
dress: NO.1239 SIPING ROAD; Phone: 008613918955481;
Email: zhoum@tongji.edu.cn; Website: http://www.geo-
shanghai.org; Email: geoshanghai@tongji.edu.cn

11TH INTERNATIONAL SYMPOSIUM OF GEOTECH-
NICAL ASPECTS OF UNDERGROUND CONSTRUCTION
IN SOFT GROUND (IS-MACAU 2024) - 14-06-2024 - 17-
06-2024 Macao SAR, China; Organiser: University of Macau,
LECM and TC204 of the ISSMGE; Contact person: ZHENG
GUAN; Address: Faculty of Science and Technology Univer-
sity of Macau, E11 Avenida da Universidade, Taipa, Macau,
China; Phone: +85388229153; Email:

ismacau2024@um.edu.mo; Website: https://is-ma-
cau2024.skliotsc.um.edu.mo

5TH INTERNATIONAL SYMPOSIUM ON FRONTIERS IN
OFFSHORE GEOTECHNICS (ISFOG) - 09-06-2025 - 13-
06-2025 La Cité des Congrés de Nantes, France; Language:
English; Organiser: University Gustave Eiffel, CFMS, French
Mirror Group of the Technical Committee TC 209; Contact
person: Sylvie Bretelle ; Address: 1 rue du Vieux Pont;
Phone: 0785428593; Email: s bretelle@hotmail.com; Web-
site: https://isfog2025.univ-gustave-eiffel.fr/;

Email: luc.thorel@univ-eiffel.fr

NON-ISSMGE EVENTS

GEOMATE 2023 - 14-11-2023 - 16-11-2023 Hotel Tsu
center Palace, Tsu, Japan; Language: English; Organiser:
The Geomate International Society; Contact person: Prof. Dr.
Zakaria Hossain; Address: Mie Ken, tsu city, Kurimamachiya-
cho 1577; Phone: +81592319578 ; Fax: +81592319578 ;
Email: zakaria@bio.mie-u.ac.jp; Website: https://geo-
mate.org/index.html; Email : conference@geomate.org

Call to host the 3rd International Conference on
Energy Geotechnics in 2025+

Guillermo Narsilio / TC308 / 03-09-2023

While we prepare ourselves for meeting in Delft in October
2023 for the 3rd International Symposium on Energy Geo-
technics (SEG'23), the Technical Committee 308 has made
the call for hosting the next International Conference on En-
ergy Geotechnics (ICEGT'25).
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The intention is to run the Conference somewhere in the vi-
cinity of 2025, with suggestions to give bidders the option to
propose other dates if they see fit. Bidders are encouraged
to contact the committee to discuss any aspects of the or-
ganisation.

Please click here to access details of the official call and sub-

mit your bids by 18 September 2023 6:00 pm UCT to:

Kamelia Atefi Monfared (Secretary)

(Cc: Alessio Ferrari alessio.ferrari@epfl.ch, Guillermo
Narsilio narsilio@unimelb.edu.au)

Previous editions took place in San Diego, CA, USA ( ICEGT
20-22); and in Kiel, Germany (ICEGT 16), with around 100
to 300 delegates from all over the world.

The 6th ERTC10 Webinar on the Second Genera-
tion of Eurocode 7 - Spread Foundations, Re-
taining Structures and Anchors

Witold Bogusz / ERTC10 / 03-09-2023

The 6th Webinar organised jointly by ISSMGE ERTC10, CEN
TC250 SC7 and NEN is open for registration:

Second Generation of Eurocode 7 - Spread Founda-
tions, Retaining Structures and Anchors

Time: Wednesday, 27.09.2023, 15:00-17:00 CEST
The webinar will be 2h long and it is free of charge.
It will cover aspects of the new Eurocode 7 related to:

- Spread Foundations - by Kerstin Lesny (Germany)

- Retaining Structures - by Thierry Jeanmaire (France)

- Anchors - by Klaus Dietz (Germany)

- Examples of retaining structures - by Stuart Hardy (UK)

Link to the website with the registration form:
https://webinar-eurocode7-september2023.nen-evenemen-
ten.nl

A TALE OF TWO EXPLANATIONS
Marina Pantazidou / TC306 / 06-09-2023

The attached file is a summary of the paper accompanying
the 3™ Blight Honor Lecture delivered by Alonso (2023) at
the 8" UNSAT, titled "The positive history of an error.
Modelling the heave of a nuclear power station". The
summary is meant to play the role of a guided tour and en-
courage geotechnical engineers to read the paper and watch
the lecture, the message of which is relevant to research,
practice and education. Many thanks to Prof. Alonso for read-
ing the summary and okaying it.

Read "A tale of two explanations (for heaving claystone)"
here.

Education concerns all, hence TC306 is actively pursu-
ing interactions with other TCs. TC306 encourages in par-
ticular small-scale contributions, such as reviews, news
items on peer reviewed and peer-recommended educational
material, short commentaries on geotechnical topics from a
teaching point of view. This guided-tour kind of summary is
another example of small-scale contribution. Please bring
to TC306's attention other such worthy topics and con-
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sider a coauthored contribution.

ISSMGE Interactive Technical Talk Episode 9:
Machine Learning and Big Data (TC309)

ISSMGE IT Administrator / TC309 / 07-09-2023

The ninth episode of International Interactive Technical Talk
has just been launched and is supported by TC309. Dr.
Zhonggiang Liu, Dr. Kok-Kwang Phoon, Dr. Tatiana Richa and
Dr. Sara Khoshnevisan are discussing with Dr. Marc Ballouz
about Machine Learning.

Watch ISSMGE Interactive Technical Talks

ISSMGE Interactive Technical Talk Episode 10:
Field Monitoring in Geomechanics (TC220)

ISSMGE IT Administrator / TC220 / 21-09-2023

The tenth episode of International Interactive Technical Talk
has just been launched and is supported by TC220. Dr.-Ing.
Giorgio Pezzetti, Dr. Neelima Satyam D. and Emma
McConnell are discussing with Dr. Marc Ballouz about “Field
Monitoring in Geomechanics”.

Watch ISSMGE Interactive Technical Talks

Proceedings from the 10th European Confer-
ence on Numerical Methods in Geotechnical En-
gineering available in open access

ISSMGE IT Administrator / General 22-09-2023

NUMEE 2023

The Innovation and Development Committee of ISSMGE is
pleased to announce that through the initiative of Prof. Lidija
Zdravkovic, Prof. Stavroula Kontoe, Dr. Aikaterini Tsiampousi
and Dr. David Taborda.

The 267 papers from the proceedings of the 10th European
Conference on Numerical Methods in Geotechnical Engineer-
ing (NUMGE2023) are available in the ISSMGE Online Library
here:
https://www.issmge.org/publications/online-library?data-
base=51&conference=119

The abstracts and papers of the proceedings were reviewed
through ISSMGEs Conference Review Platform which is part
of its cyber-infrastructure aiming to support open access.

NUMGE2023 was held in London, United Kingdom from June
26" to June 28 in 2023 at the Imperial College London. De-

tailed acknowledgements for the NUMGE2023 can be found
at the ISSMGE online library acknowledgements section.

ICSE-11 proceedings now available

Shinji Sassa / TC213 / 22-09-2023
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All papers of ICSE-11 (The 11th International Conference on
Scour and Erosion) proceedings are now available at Online

Library | ISSMGE.

TC213 Committee Meeting, Sep. 18, 2023

Shinji Sassa / TC213 / 22-09-2023

The full agenda items for the TC213 Committee Meeting on
September 18, 2023 are available here:
https://www.issmge.org/filemanager/arti-

cle/1176/Full Agenda Items for the TC213 Meet-

ing at ICSE-11.pdf

Proceedings from the 8th International Sympo-
sium on Deformation Characteristics of Geo-
materials available in open access

ISSMGE IT Administrator / General / 25-09-2023

{1S-PORTO %

ISSMGE is pleased to announce that the 148 papers from the
Proceedings of the 8% International Symposium on Defor-
mation Characteristics of Geomaterials (IS-Porto 2023), are
available in the ISSMGE Online Library here:

https://www.issmge.org/publications/review-platform/con-
ferences/isdcg2023

IS-Porto 2023 was held in Porto, Portugal from the 3rd to the
6th September 2023.

The papers of the proceedings were reviewed by at least two
reviewers, through the ISSMGE Conference Review Platform,
to ensure the high quality of the contributions. The Editors
are Antonio Viana da Fonseca and Cristiana Ferreira. The As-
sociate Editors are Antdnio Alberto Correia, Castorina Vieira,
Graga Lopes, Fausto Molina-Gomez, Mafalda Lopes Laranjo,
Nuno Raposo, Paulo Coelho, Rafaela Cardoso and Sara Rios.

Detailed acknowledgements can be found at the ISSMGE
Online Library acknowledgements section.

O3 O
@ International Society for Rock Mechanics
and Rock Engineering
ISRM
News

https://www.isrm.net
ISRM Young Members’ Seminar 2023-09-02

The next ISRM Young Members' session will be held next
Thursday, 7th of September at 3 pm GMT and it will be on
rock fall phenomena, use of humerical method in rock engi-
neering and micro to macro rock properties. The seminar is
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free for public. Don't miss it: follow the link in the flyer to
register.

The ISRM Young Members’ Seminar (YMS) Series is an ISRM
Young Members Group initiative: a series of virtual events to
provide a global platform for ISRM young members to share
knowledge, experiences, and ideas. More info on the YMS is
available here.

1st SLRMES Conference on Rock Mechanics for Infra-
structure and Geo-resources Development, Colombo,
Sri Lanka 2023-09-11

The 1st SLRMES - an ISRM Specialized Conference - will be
held in Colombo, Sri Lanka on December 2-7, 2023, organ-
ised by the Sri Lankan Rock Mechanics and Engineering So-
ciety (SLRMES). 4 Keynotes, 12 Session Lead Lectures, and
66 Regular lectures are expected to be presented on Decem-
ber 4-5, 2023. Three practically oriented short courses and
one workshop are listed on the conference website for par-
ticipants to select and learn on December 2-3, 2023. Two
technical tours are listed on the conference website for par-
ticipants to select and engage on December 6-7, 2023. Pos-
sible sightseeing places are listed on the website. Highly af-
fordable accommodation places are listed on the conference
website.

The early bird registration deadline is set for September 30th,
2023. In order to take advantage of the highly affordable re-
duced registration fees, please register through the confer-
ence website (www.slrmes.org) as soon as possible and not
later than the early bird registration deadline.

Pinnaduwa Kulatilake (kulatila@arizona.edu), Conference
Chair

Election of the Regional Vice Presidents for the term of
office 2023-2027 2023-09-20

The election of the Regional Vice Presidents of the ISRM for
the term of office 2023-2027 will take place during the 2023
ISRM Council meeting, to take place on 10 October, in Salz-
burg, Austria. The presentation of all candidates is now
online.

Click here to access the videos of all candidates.
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ASSOCIATION
INTERNATIONALE DES TUNNELS
ET DE L'ESPACE SOUTERRAIN

INTERNATIONAL TUNNELLING
AITES AND UNDERGROUND SPACE
ASSOCIATION
Scooped by ITA-AITES #100, 5 September 2023

China's longest expressway shield tunnel drilled

The longest tunnel in Canada Is a 9-mile engineering mas-
terpiece

Project Auckland: Hiwa-i-te-Rangi reaches major milestone |
New Zealand
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Why is the Gotthard Base Tunnel so important? | Switzerland

How About Living Underground on Mars?

Deepest metro station at Thirumayilai to be operational by
2028 | India

The longest underwater tunnel in the world | Germany-Den-
mark

Robot dog halves time workers spend in confined spaces

This ancient Roman tunnel in Jordan is believed to be longest
of antiquity

Scooped by ITA-AITES #101, 19 September 2023

Melbourne Metro Rail Project | Australia

Signify supports Dublin Port Tunnel with a fast route to en-
ergy efficiency | UK

DC Water completes tunnel project aimed alleviating North-
east flood problems | USA

Work on Dwarka expressway tunnel connecting Haryana bor-
der to IGI Airport 80% complete | India

Gateway tunnel project: Contracts approved for first phases

USA

Israel's Metro M2 line approved, budget released

HS2: Northamptonshire village sees longest 'green' tunnel

emerge | UK

Breakthrough for London’s newest underground tunnel | UK

World's Longest Underwater Tunnel Unveiled

Video shows newly inaugurated Yashobhoomi Dwarka Sector
25 metro station | India

o3
BriITISH M
TUNNELLING
SOCIETY Jy
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BTS September Lecture: Lessons Learned from the
purpose-built Multi Service Vehicle (MSV) Fire at HS2
Chiltern Tunnels

Speakers: Shannon O’Keeffe and Neil Hancox

14 September 2023, [in-person] Institution of Civil Engi-
neers, One Great George Street, Westminster, London

A fire occurred during the construction of the down line Chil-
tern Tunnel on the 10th of May 2022. At the start of a night
shift, a purpose-built MSV for personnel was carrying Tunnel
Boring Machine (TBM) shift workers and was being driven into
the tunnel when a fire occurred in the engine compartment.
The MSV was approximately 2.6 Kilometers in from the en-
trance when it was stopped.
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Since the incident, a full review of emergency response and
ongoing situation has been conducted with emergency ser-
vices and other agencies at Strategic, Tactical and Opera-
tional levels to ensure all lessons learned have been cap-
tured.

This presentation will focus on sharing the lessons learned
from the MSV fire with the wider industry.

BRITA

TUNNELLING
SOCIETY
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BTSYM September Lecture: Special excavation
design for complex anchor wall design

YOUNG
MEMBERS

Speaker: Daniel Hierro Tobar

21 September 2023, [in-person] Institution of Civil Engi-
neers, One Great George Street, Westminster, London

In this Lecture Daniel will showcase the alternative strategies
and solutions formulated to address the diverse stages of a
wall design under intricate conditions, involving deep compe-
tent rock, water presence, asymmetric loads, and potential
tunnel interference.

Leveraging 3D BIM and Plaxis models, the project aims to
optimize solutions and address real-world conditions accu-
rately. These advanced modelling techniques enable the vis-
ualization, analysis, and manipulation of complex structural
and geological data, ensuring a highly accurate representa-
tion of the site's conditions.
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Update on BTSYM Schools and Universities

Speaker: Sandeep Singh Nirmal

Often hidden in the shadows, the BTSYM Schools and Univer-
sities sub-committee undertakes essential work to inspire
school children into engineering and encourage university
students to consider careers in tunnelling. Sandeep will be
giving an update on this year's achievements and a look-
ahead for next year.

https://www.youtube.com/watch?v=D9dIfJdCjYE
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- = INTERNATIONAL
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== SOCIETY

News

IGS 'Diversity Session’ Agenda Announced September
6, 2023

Personal stories from members of the IGS family about the
experiences and challenges of working in the geosynthetics
industry will be shared at the IGS Read More »

Minutes from the IGS General Assembly 20 September
2023

Please find linked below the meeting minutes from the IGS
General Assembly held 20 September 2023 in Rome, Italy at
the 12th International Conference on Geosynthetics (12
ICG).

GA Minutes 20 Sept 2023 (v2)

Kind Regards,
Elise Oatman

IGS Secretariat Manager
International Geosynthetics Society
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EKAHAQZEIZ>

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

InFUM - 1st International Symposium on Fiber Shotcrete for
Underground Mining, October 1st to 4th, 2023, Rio de
Janeiro, Brazil, https://infum.com.br

AFTES 2023 17th International Congress "“Underground
space at the heart of transitions”, 2-4 October 2023, Paris,
France, https://aftes2023.com/en

SEG23 Symposium on Energy Geotechnics, 3-5 October
2023, Delft, The Netherlands, https://seg23.dryfta.com

(C- 4.0

28th European Young Geotechnical Engineers
Conference and Geogames
04 - 07 October 2023, Moscow, Russia

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

Contact person: PhD Ivan Luzin

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

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

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

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

2023 15™ ISRM Congress, International Congress in Rock Me-
chanics Challenges in Rock Mechanics and Rock Engineering,
9+14 October 2023, Salzburg, Austria,
https://www.isrm2023.info/en/

11% International Symposium on Ground Freezing (ISGF), 13
October 2023, London, United Kingdom,
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www.iom3.org/events-awards/11th-international-sympo-
sium-on-ground-freezing.html

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

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

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

Geotechnics for Offshore Wind, 30 October 2023, Tokyo, Ja-
pan, https://confit.atlas.jp/guide/event/geote-
chwind2023/static/program

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

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

6th World Landslide Forum “Landslides Science for sustainai-
ble development”, 14 to 17 November 2023, Florence, Italy,
https://wlf6.or

4th International Tunnelling and Underground Space Confer-
ence- Lagos, 2023, 15-16 November 2023, Lagos, Nigeria,
www.tunnellingnigeria.org

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

TUNNELLING ASIA 2023 International Conference on Climate
Resilience and Sustainability in Tunnelling and Underground
Space, 22-23 November 2023, Mumbai, India,
https://www.tai.org.in

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

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

9th International Symposium on RCC Dams and CMDs
December, 2023, Guangzhou, China, www.chincold-
smart.com/meetings/rcc2023

ICSGE 16th International Conference on Structural and Ge-
otechnical Engineering, 27 - 28 December 2-23, New Cairo,
Egypt, https://eng.asu.edu.eg/icsge

ISGHS 2024 International Symposium on Geotechnical As-
pects of Heritage Structures, 14-16 Feb 2024, Tiruchirappalli,
India, www.isghs2024.in, www.igstrichy.org

IEMTA Southeast Asian Conference and Exhibition on Tunnel-
ling and Underground Space 2024 (SEACETUS2024), 05 - 07
March 2024, Kuala Lumpur, Malaysia, https://sub-
mit.confbay.com/conf/seacetus2024
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7th International Conference Series on
Geotechnics, Civil Engineering and Structures
(CIGOS)
April 4-5, 2024, Ho Chi Minh City, Vietnham

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

Contact Person: cigos2024@sciencesconf.org
Email: cigos2024 @sciencesconf.org

(G- 48 -0

World Tunnel Congress 2024 19 to 25, April, 2024, Shenzhen
China, www.wtc2024.cn

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

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

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

2738e31c9ef5/summary

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

GeoShanghai 2024 International Conference on Geotechnical
Engineering, May 26 - 29, 2024, Shanghai, China, www.geo-
shanghai.org

2nd annual Conference on Foundation Decarbonization and
Re-use, May 28-30 2024, Amsterdam, The Netherlands,
https://foundationreuse.com

IS-Macau 2024 11% International Symposium of Geotechnical
Aspects of Underground Construction in Soft Ground, June
14-17, 2024, Macao SAR, China, https://is-macau2024.skli-
otsc.um.edu.mo

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

o3 D

28th European Young Geotechnical Engineers,
Conference 2024
25 to 29 June 2024, Skopje, North Macedonia
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Contact person: Ms. Elena Angelova
Address: Blvd. Partizanski odredi No.24,
Email: mag@gf.ukim.edu.mk

Website: https://mag.net.mk

o3 O

WCEE2024 18™ World Conference on Earthquake Engineer-
ing, June 30 - July 5, 2024, Milan, Italy, www.wcee2024.it

WCEE2024 18™ World Conference on Earthquake Engineer-
ing, June 30 - July 5, 2024, Milan, Italy, www.wcee2024.it /
Session SHR-7: When science meets industry: advances in
engineering seismology stemming from engineering practice,
olga.ktenidou@gmail.com

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

Ipa.org

(C2 49 -0

ICEC2024

IMTERNATIOHNAL
CONFERENCE ORN

EARTHEMN COMSTRUCTION

EDINBURGH

8-10 July 2024, Edinburgh, United Kingdom
https://icec2024.eng.ed.ac.uk, https://icec2024.sci-
encesconf.org

On behalf of the steering and organising committees, wel-
come to ICEC2024, the Second RILEM International Confer-
ence on Earthen Construction

The First RILEM International Conference on Earthen Con-
struction (ICEC 2022), hosted by the Université Gustave Eif-
fel in March 2022, demonstrated the depth and volume of
research applicable to and supporting the use of earth as a
construction material. Approximately two hundred research-
ers, academics, and engineers attended that event to share
their knowledge and to learn from like-minded professionals
engaged in objective, scientific research into the performance
and real construction potential of these materials.

The Second RILEM ICEC will build upon that success to pro-
vide a forum to present work on a wide range of topics related
to earthen construction. The conference aims to grow and
broaden the global network of earthen construction research-
ers, to attract new members to the RILEM technical commit-
tees on earth, and to identify opportunities for future re-
search.

Topics
e Material characterisation and quality control
e Hydro-mechanical behaviour

e Reinforcement behaviour

® Seismic behaviour
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e In situ and field testing

e Additive manufacturing (3D printing)
e Rheology

e Biostabilisation

® Molecular simulation

® Physical chemistry

® Microstructure

e Durability

e Fire performance

e Hygro-thermal behaviour
e Air quality

e Life cycle analysis

e Climate change adaptation
e Economic impacts

e Cultural history

e Earthen architecture
Contact Us
ICEC2024 webpages

Conference information and registration:
https://icec2024.eng.ed.ac.uk/

Conference information and abstract/paper submission:
https://icec2024.sciencesconf.org/

Contact

General enquiries: ICEC2024@ed.ac.uk

(C- 48 -0)

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

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

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

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

NGM 2024 19 Nordic Geotechnical Meeting, 18™ - 20 of
September 2024, Géteborg, Sweden, www.ngm?2024.se

ISRM International Symposium 2024 and 13th Asian Rock
Mechanics Symposium (ARMS13), 22 to 27 September 2024,
New Delhi, India, https://arms2024.org

IS-Grenoble 2024 Geomechanics from Micro to Macro, Sep-
tember 23-27, 2024, Grenoble, France, https://is-greno-
ble2024.sciencesconf.org
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5th European Conference on Physical Modelling
In Geotechnics
02 to 04 October 2024, Delft, Netherlands

Organiser: Deltares & Delft University of Technology
Contact person: Suzanne van Eekelen & Miguel Cabrera

Email: organisation.ecpomg24@gmail.com

o3 O

XVIII African Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 06 = 09 October 2024, Algiers, Alge-
ria, https://algeos-dz.com/18ARC.html

RMCC2023 1%t International Rock Mass Classification
Conference “Rock Mass Classification meets the Challenges
of the 21%t Century”, 30-31 October 2024, Oslo, Norway,
www.rmcc2024.com

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

(C2 1 -0

CouFrac2024

The 4th International Conference on
Coupled Processes in Fractured Geological Media:
Observation, Modeling and Application -
an ISRM Specialized Conference
13 - 15 September 2024, Kyoto, Japan

Organizer: Kyoto University

Contact Person Name: Prof. Hideaky Yasuhara
Email: yasuhara.hideaki7p@kyotot-u.ac.jp
Telephone: +81753833306

O3 D

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

World Tunnel Congress 2025 “Tunnelling into a sustainable
future — methods and technologies”, 9-15 May 2025, Stock-
holm, Sweden, www.wtc2025.se
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Eurock 2025
ISRM European Rock Mechanics Symposium
Expanding the underground space -
future development of the subsurface
- an ISRM Regional Symposium
16 - 20 June 2025, Trondheim, Norway

Contact Person Name: Henki @degaard

Email: henki.oedegaard@multiconsult.no

Telephone: +47 22 94 75 00

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

(G248 -0

21st International Conference on
Soil Mechanics and Geotechnical Engineering
14 - 19 June 2026, Vienna, Austria

Organisers: Austrian Geotechnical Society and Austrian Soci-
ety for Geomechanics

Contact person: Prof. Helmut F. Schweiger

Email: helmut.schweiger@tugraz.at

(C- 48 -0)

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

Scope

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

e Fundamental rock mechanics

e Laboratory and field testing and physical modeling of rock
mass

e Analytical and numerical methods in rock mechanics and
rock engineering

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

Sustainable development for energy and mineral re-
sources

Petroleum geomechanics
® Rock dynamics
e Coupled processes in rock mass

e Underground storage for petroleum, gas, CO2 and radio-
active waste
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® Rock mechanics for renewable energy resources

e Geomechanics for sustainable development of energy and
mineral resources

e New frontiers & innovations of rock mechanics

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

e Smart Mining and Digital Oil field for rock mechanics

e Rock Engineering as an appropriate technology

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

e Rock mechanics as an interdisciplinary science and engi-
neering

e Future of rock mechanics and geomechanics

Our motto for the congress is "Rock Mechanics and Rock En-
gineering Across the Borders”. This logo embodies the inter-
disciplinary nature of rock mechanics and challenges of ISRM
across all countries and generations.
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Video shows the moment apartment building
sinks by one floor in Taipei

Image of the building after sinking (credits: Wang Hong-wei
Facebook)

Footage has emerged showing an apartment building in Tai-
pei, Taiwan, sinking by one floor into the ground on the even-
ing of Thursday, September 7.

Furthermore, reports were made to the Taipei City Govern-
ment offices on Thursday evening about tilting occurring on
residential buildings in Taipei’s Dazhi area, of Zhongshan Dis-
trict.

More specifically, according to Taipei News, there were five
to six buildings in the area presenting cracks and tilting, while
complaints had previously been made about the issue.

The reason behind the event was reported to be an excava-
tion taking place on a nearby construction site, which at the
time had reached a depth of three floors, but proper founda-
tion work had not been completed.

This resulted in the excavation’s slurry wall failing, making it
unable to provide adequate support to the surrounding soil
mass.

At 10.49 p.m. on Thursday, one of the nearby buildings was
caught on video sinking into the ground and tilting. Shortly
after, at about 11 p.m., the Mayor of Taipai, Chiang Wan-an,
arrived on scene.

Attempting to mitigate, crews were mobilized to inject water
and grout into the ground to restore supporting pressure to
the tilted building and reduce any further movement.

Nearby residents were evacuated, with reports stating that
the initial nhumber of evacuees was 144 people from 35
households, which was later raised to 367 residents from 197
households being accommodated in hotels, while nobody got
hurt in the events.
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https://www.youtube.com/watch?v=vDhAKSM9XHU

Sources: www.taiwan-

news.com.tw

www.taiwannews.com.tw,

(Geoengineer.org, Sep, 07, 2023, https://www.geoengi-
neer.org/news/video-shows-the-moment-apartment-build-
ing-sinks-by-one-floor-in-taipei)

(C- 49 -0

103 new geotechnical engineering software
added to DCOdes

103 new software regarding geotechnical engineering, many
of which are available for free, have been added to DCOdes.

They include solutions for mining, data management, site
and laboratory investigation, shallow and deep foundation
design, geotechnical earthquake engineering and more.

You can explore the full geotechnical engineering software
and script list here.

(Geoengineer.org, Sep, 22, 2023, https://www.geoengi-
neer.org/news/103-new-geotechnical-engineering-software-
added-to-dcodes)
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Deep learning model boosts earthquake analysis

Seismologists in California and Germany have devel-
oped a deep learning model for forecasting earth-
quake aftershocks that can outperform existing data
analysis methods

Damage from a 2020 earthquake in Puerto Rico - United
States Geological Survey

Known as RECAST (Recurrent Earthquake forecast), the pro-
gramme was created by researchers at the University of Cal-
ifornia, Santa Cruz and Technical University of Munich. It's
claimed that RECAST outperformed the current model,
known as the Epidemic Type Aftershock Sequence (ETAS)
model, for earthquake catalogues of about 10,000 events and
greater. The work is published in Geographical Physical Let-
ters.

“The ETAS model approach was designed for the observa-
tions that we had in the 80s and 90s when we were trying to
build reliable forecasts based on very few observations,” said
lead author Kelian Dascher-Cousineau, who recently com-
pleted his PhD at UC Santa Cruz. “It's a very different land-
scape today.”

Due to the proliferation of more sensitive seismological
equipment and an increase in data storage capabilities,
earthquake catalogues have become larger and more de-
tailed. According to study co-author Emily Brodsky, the tra-
ditional ETAS model was not built to handle these larger data
sets.

“"We've started to have million-earthquake catalogues, and
the old model simply couldn’t handle that amount of data,”
said Brodsky, a professor of earth and planetary sciences at
UC Santa Cruz.

In order to demonstrate the capabilities of the RECAST
model, the group first used an ETAS model to simulate an
earthquake catalogue. After working with the synthetic data,
the researchers tested the RECAST model using real earth-
quake data from Southern California. They found that RE-
CAST performed slightly better than ETAS at forecasting af-
tershocks, particularly as the amount of data increased. The
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computational effort and time were also significantly better
for larger catalogues.

The team believes the model’s flexibility could also open up
new possibilities for earthquake forecasting. With the ability
to adapt to large amounts of new data, models that use deep
learning could potentially incorporate information from mul-
tiple regions at once to make better forecasts about poorly
studied areas.

“We might be able to train on New Zealand, Japan, California
and have a model that's actually quite good for forecasting
somewhere where the data might not be as abundant,” said
Dascher-Cousineau.

(THE ENGINEER, 04 Sep 2023, https://www.theengi-
neer.co.uk/content/news/deep-learning-model-boosts-
earthquake-analysis)

Using Deep Learning for Flexible and Scalable
Earthquake Forecasting

Kelian Dascher-Cousineau, Oleksandr Shchur, Emily E.
Brodsky, Stephan Giinnemann

Abstract

Seismology is witnessing explosive growth in the diversity
and scale of earthquake catalogs. A key motivation for this
community effort is that more data should translate into bet-
ter earthquake forecasts. Such improvements are yet to be
seen. Here, we introduce the Recurrent Earthquake foreCAST
(RECAST), a deep-learning model based on recent develop-
ments in neural temporal point processes. The model enables
access to a greater volume and diversity of earthquake ob-
servations, overcoming the theoretical and computational
limitations of traditional approaches. We benchmark against
a temporal Epidemic Type Aftershock Sequence model. Tests
on synthetic data suggest that with a modest-sized data set,
RECAST accurately models earthquake-like point processes
directly from cataloged data. Tests on earthquake catalogs in
Southern California indicate improved fit and forecast accu-
racy compared to our benchmark when the training set is
sufficiently long (>10* events). The basic components in RE-
CAST add flexibility and scalability for earthquake forecasting
without sacrificing performance.

Key Points

e We introduce a deep learning model for earthquake fore-
casting and explore its performance on synthetic and re-
gional earthquake data sets

e Itis flexible in the sense that a predefined functional form
is not required

e Tt is scalable in two senses: it is efficient on large data
sets, and its performance relative to benchmarks im-
proves with more training data

Plain Language Summary

We explore the potential for deep learning in earthquake
forecasting. Prior work has relied heavily on statistical models
that do not scale to fully utilize the currently available large
earthquake data sets. Here we build on recent developments
in deep learning for forecasting event sequences in general
to create an implementation for earthquake data. The new
approach allows us to incorporate larger data sets, potentially
with more information about each earthquake. We also avoid
a specific functional form, so the method naturally adapts to
additional information about events, like magnitude or varia-
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tions in behavior over time. As we add more data, results
show continued improvements. This ability to incorporate and
improve continually as training data sets increase indicates
that there is more information in the earthquake catalogs
than has yet been used for earthquake forecasting.

(Geophysical Research Letters, First published: 31 August
2023, https://doi.org/10.1029/2023GL103909,
https://agupubs.onlineli-
brary.wiley.com/doi/10.1029/2023GL103909)
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15 places on Earth that look like alien planets

While we often look to the stars, planets and moons for bi-
zarre and fantastic sites, the Earth itself remains home to
vast and varied landscapes and structures, fit for a science-
fiction epic. Here are 15 of our favorites.

1. Fly Geyser, Nevada

Aerial shot of Fly Geyser up close. (Image credit: Steve
Tietze via Getty Images)

This man-made geothermal geyser was created by accident.
After the area had been drilled for water and resealed multi-
ple times, Fly Geyser grew from mineral deposits. These de-
posits along with thermophilic algae create its fantastic red
and green hues.

2. Grand Prismatic Spring, Yellowstone

Grand Prismatic Spring, Midway Geyser, Yellowstone.
(Image credit: Ignacio Palacios via Getty Images)

Yellowstone's largest hot spring measures 200-330 feet (60
to 90 meters) in diameter and over 121 feet (36 m) in depth,
according to the National Park Service. Its wild rainbow pat-
tern is created by thermophilic algae and bacteria along a
temperature gradation, with the hottest water — which is ac-
tually sterile and the cause of the vibrant blue shade — at
the center of the spring.

3. Rainbow Mountain, Peru

Also known as Vinicunca, or the Mountain of Seven Colors,
Rainbow Mountain was discovered in 2015 after its usual
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snow covering melted. Its colorful stripes of rose, gold, mint,
and lavender are created from the mountain's mineral
makeup and weathering over time.

Rainbow Mountain in the Cusco region of Peru. (Image
credit: Wirestock / Getty Images)

Also known as Vinicunca, or the Mountain of Seven Colors,
Rainbow Mountain was discovered in 2015 after its usual
snow covering melted. Its colorful stripes of rose, gold, mint,
and lavender are created from the mountain's mineral
makeup and weathering over time.

4. Danakil Depression, Ethiopia

Hot springs in the Danakil Depression. (Image credit: Wysi-
ati via Getty Images)

Danakil Depression is the result of the divergence of three
tectonic plates beneath northern Ethiopia. Sulfur springs, vol-
canoes, geysers, lakes, and pools cover this spooky desert
formation where temperatures reach over 122 degrees Fahr-
enheit (50 Celsius).

5. Lake Hillier, Australia

Lakie Hillier in Australia (Image credit: Getty Philip Thurston
via Getty Images)
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Australia's Barbie-pink Lake Hillier gets its candy-colored hue
from algae, halobacteria, and microbes and has a salinity
equal to that of the Dead Sea.

6. Cave of Crystals, Naica, Mexico

The Cave of Crystals in Naica, Mexico. (Image credit: Javier
Trueba)

Massive crystal pillars of gypsum fill the hot, humid cavern of
the Cave of Crystals. Its crystals are hundreds of thousands
of years old and continue to actively grow.

7. Princess Elisabeth polar research station, Antarctica

Princess Elisabeth polar research station, Antarctica. (Image
credit: René Robert - International Polar Foundation)

Princess Elisabeth station in Antarctica is the first zero-emis-
sion polar research station. According to the International Po-
lar Foundation, the center "integrates passive building tech-
nologies, renewable wind and solar energy, and water treat-
ment facilities," and is dedicated to maximizing energy effi-
ciency.

8. Habitat 67, Montreal, Canada

Habitat 67 buildings on St. Helene island in Montreal, Can-
ada. (Image credit: Megapress / Alamy Stock Photo)
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With a mission to "reinvent the apartment building," architect
Moshe Safdie created Habitat 67 in 1967 in Cité-du-Havre,
an artificial peninsula in Montreal. The modular structure was
meant to reinvent urban living and stands today as a unique
architectural feet.

9. The Eden Project, Cornwall, England, UK

Biomes at the Eden Project in Cornwall, England, UK. (Im-
age credit: Andrew Holt / Getty Images)

The Eden Project is an experimental garden, greenhouse, and
sustainability center with a mission that focuses on "environ-
mental harmony and social equity," located in Cornwall, Eng-
land.

10. Underwater waterfall, Mauritius Island

Mauritius island, including the famous Le Morne Brabant
mountain, the beautiful blue lagoon, and underwater water-
fall. (Image credit: Myroslava Bozhko / Alamy Stock Photo)

The island of Mauritius, east of Madagascar in the Indian
Ocean, is home to an "underwater waterfall" beneath its blue
lagoon. The waterfall is actually an optical illusion caused by
the drastic drop of the continental shelf.

11. Gardens by the Bay, Singapore

Gardens by the Bay in Singapore. (Image credit: Tuul &
Bruno Morandi via Getty Images)
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Singapore's Gardens by the Bay is a "showpiece of horticul-
ture and garden artistry," that opened to the public in Octo-
ber, 2011. It is founded on sustainability, international horti-
culture, and a goal to showcase "a city in a garden."

12. Salar de Uyuni, Bolivia

Salar de Uyuni in Bolivia. (Image credit: Ignacio Palacios via
Getty Images)

The eerie, yet beautiful, landscape of Bolivia's Salar de Uyun
is a center for salt and lithium harvesting, as well as a tourist
destination.

13. Socotra, Yemen (dragon's blood trees)

Dragon's blood trees in Socotra, Yemen. (Image credit:
John M Lund Photography Inc via Getty Images)

The bizarre dragon's blood tree, with its vein-like umbrella
canopy, is only native to the remote island of Socotra, located
two hundred miles off Yemen.

14. The Wave, Coyote Buttes, Arizona

The Wave, Coyote Buttes, Arizona (Image credit: Praveen
P.N via Getty Images)
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The winding, striped sandstone rock formation known as The
Wave is part of the Coyote Buttes on the Arizona-Utah border
in the U.S.

15. Svalbard Global Seed Vault, Norway

Entryway to the Global seed vault in Svalbard, Norway.
(Image credit: BDphoto via Getty Images)

According to Crop Trust, the Global Seed Vault in Svalbard,
Norway is "the ultimate insurance policy for the world's food
supply," as it has the capacity to store 4.5 million crop vari-
eties and up to 2.5 billion seeds. The vault is ready to with-
stand "doomsday" circumstances.

(Annie Corinne Shaink / LIVESCIENCE, 22.09.2023,
https://www.livescience.com/planet-earth/places-on-earth-
that-look-like-alien-planets)
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEz
EMNIZTHMEZ

otavrivos Kakhig = Zaxaplag Ayioutdvere

ACKHOEIG S
otn‘Mnxavikiie

AOKROEIG 0T MnXavikn TovV
MeTpwpaTrwv

SuvonTikn Oswpia ® Aupéveg
AOKNOEIG KAl EPAPHOYEG

AylouTavrTng Zaxapiag,
KakAng KwvoTavrivog

= S ;_.,_ To BiIBAio auTd ypapTnke ue okono
va CII'IOTE)\EGEI Bondnua yia Toug POITNTEG TWV TUNHATWV Mo-
MTIKOV Mnxavikov, Mnxavikov OpukTav MNopwv, Mnxavikov
MeTalAgiwv — MeTaAloupywv, MewAoyiag kal MewnepiBdAAov-
TOG TV AvWTATWV EKNaIideuTik®V ISpUPATWV TNG XWPAG Hag.
Kanola ano Ta 310aokopeva NadnuaTa nou £Xouv AUeon oxé-
on Me To napov olUyypappa sivar: “Mnxavikn MeTpwuaTtnv”,
“Znpayyeg kai Ynoyeia 'Epya”, “YnooTtrpi&n Ynoyeinv épywv”,
“Texvikn MewAoyia”, “Bpaxounxavikn - Snpayyeg”, “EToixeia
FewTexVIKAG Mnxavikng”, “Mpoxwpnuévn Fewpnxavikn”, “re-
wAoyia Texvikov Epywv kal Bpaxounxavikn”, kai “MNeipapati-

kf Bpaxopnxavikn”.

To BewpnTikd UNOBaABpo TNG MNXAvIKAG Twv MeTpwATWY Na-
pouaialeTal EKTEVOG OTa avTioToixa eAAnvoyAwaoaoa BiBAia Ta
onoia KaAUNToOUV TO YVWOTIKO aQUTO avTikeiyevo. To napov
oUYYypauua €NIKEVTPWVETAl OTAV avaAuon Kal eNgEnynon Tng
eniAuong anAwv kal oUvBETWY aokAoswv Mnxavikng NeTpw-
MAaTwv. Me oTdxo Tn dIEUKOAUVON TOU avayvworn, aTnv apxn
Tou KABe kepaAaiou yiveral pia neEPIANNTIKN napouaciacn Tng
OXETIKNG Bewpiag n onoia €ival n anoAUTwG anapaitnTn yia
TNV €niAUCn TwWV avTioTOIXWV doKAOewv. Aiveral 131aiTepn
npocoxn OTIG €EICWOEIC Nou opifouv Ta diAPopa HeYEBN Ka-
BWG Kal OTIG OXEOEIG METAEU TOUG Kal napaAAnAa napouaiale-
Tal n peBodoAoyia gpyaciag nou ouvnBwC akoAouBeiTal yia
TNV €niAuCon TwWV AOKNOEWV auTwV. EninAgov eEnyeital pe doo
To duvaTov PeyaAUTepn AENTONEPEIA TO KABE Brila PE ouveXN
ava@opa oTIC avTioTOIXEG EEICWOEIC KAl OXEDEIG.

H UAn (ueTd Tnv Eioaywyn - KepdAaio 1) katavéPeTal oTa
napakaTw Kepaiaia:

>70 delTepPO (2°) KeEPAAalo napariBevTal To adnuaTikG uno-
BaBpo kal Ta Bacika oToixeia TNG Bewpiag Twv dIAVUOUATWV
Kal Twv TavuoTwV nou XpnaoigonoloUvTal KaTa Kopov aTnv a-
vaAuaon TnG Bewpiag Kal oTIC BewpPNTIKEG EQAPHOYEC TWV ENO-
HEVWV KEPAAQiWV.

To TpiTo (3°) KeEPAAQIO avagEPETal OTOV TAVUCTH TAGNG Nou
XapakTnpilel TNV EVTATIKN KATAOTACN OE OMOIOdNNOTE ONUEIO
€VOC OWMATOC, EVM OTO TETAPTO (4°) KEPAAQIO HEAETATAI N EV-
TaTikn Kataoraon os duo diaoTdoeig kal diveral 1d1aiTepo Ba-
pOC OTNV KATAvONnon Kdl oTov TPOMo nou Xpnoidonolsital o
KUKAOG Tou Mohr. 1o néunTo (5°) kepaAalo napouaialeral To
HEYEBOC TNG TPOMAC N aAAI®G avnyHEVNG NapapopPpwaong nou
ouvdEeTal APETa WE TIG TACEIG UE OXEON aITioUu — anoTeAéopa-
TOG.

210 €KkTO (6°) KEPAAAIO NEPIYPAPETAI N KATACTATIKN €Eiocwan
€\aOTIKAG OUPNEPIPOPAG og dUo Kal TpelG diaoTaocelg. To eha-
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OTIKO MOVTEAO AVTINPOOWMEUEI TNV MIO KOIVF KATACGTATIKN
OUUNEPIPOPA TWV UAIKOV UNXAVIKAG, CUHNEPIAAUBAVOUEVWY
NOAA®V METPWHATWYV, KAl ANoTeAEl pia XpRoiun Baon yia Tnv
neplypagn no nepinAoOKNG oUUNEPIPOPAG. H eEAAOTIKR oupne-
pIPOPA EVOG OWUATOG KATW and CGUYKEKPIKEVN EVTATIKN KATA-
novnon avaAvUetal epapuolovrag Tov vopo Tou Hooke vyia
TPEIG JIAOTACEIG.

Ta kpITpia acToxiag, Nou anoTeAOUV PHaBnUATIKEG EKPPATEIG
Kal €XouV TNV IKavOTNTa va ekTiyoUV noTe Ba cupBei n acToxia
TOU NETPWHATOCG, HEAETWVTAI aTo £RJopo (7°) kepdAalo. MNa-
pouaialetal o TPONoG epappoyng dUo BaciKWV Kal EUPEWG EP-
apHOCINWY KPITNPIWV agToxiag aTnv NepinTwaon Tou AppnKTou
NeETPWHATOG Kai TnG Bpaxopalac.

70 0Yd00 (8°) kepalaio EeTaleTal n eUCTABEIQ KUKAIKWV Kal
EAEINTIKWV UMOYEIWV avolyHAaTwV (onpdyywv Kal GpeaTwy),
n fovn enippong autwyv, kKabwg kai n euoTabela undyeiwyv a-
VOIYMATWV TNG HOPPNG BAAAU®V Kal OTUAWV.

A@ou yivel kaTavonTr oTo €vaTo (9°) ke@aAaio n availuon kal
n OTEPEOYPAPIKN MPOBOAN TWV ACUVEXEIWV Ol Onoieg Kabi-
oToUV Tn pala Twv NETPWHATWV acuvexn, To dékaTto (10°) ke-
@aAaio napoucialel Tov TPOMO €QAPHOYAG TV CUYXPOVWV
ouoTNHATWV Ta&ivounong Tng Bpaxoualag Ta onoia oTnVv ouadi-
a anodidouv TIUEG OE €KEIVEG TIG IBIOTNTEG I XAPAKTNPIOTIKA
NG nou Beswpeital mBavd va ennpedoouv Tn CUHPNEPIPOPA
™e.

TeéAog, oTo evdékaTo (11°) kepdaAalo napouaialovTal Tpdmnol
€QApUoyng unooTnpIENG Kal evioxuong Tng Bpaxopalag Kovta
oTa OpIa TWV UMNOYEIWV avolypaTwy.

(Ekdo0eig ZHTH, 2023)
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KukAo@popnoe To ISRM Newsletter No. 63 - September 2023
ME Ta akOAouBa nepleXOUEvVa:

Foundation for Education and Training on
Tunnelling and Underground Space Use

Message from the President

15th International ISRM Congress, Salzburg, Austria
43rd ISRM Online Lecture by Prof. Ana Maria Ferrero

ISRM International Symposium 2024 and ARMS13, 22-
27 September 2024, New Delhi

Eurock2024, Alicante, Spain, 15-19 July 2024

Online Course of Slope Engineering by Professor Wu
Shunchuan on the ISRM website

Election of the ISRM Regional Vice Presidents 2023/2027

1st Chilean Congress on Rock Mechanics, Santiago, Chile,
22-24 November 2023

1st SLRMES Conference on Rock Mechanics for Infrastruc-
ture and Geo-resources Development, Colombo, Sri
Lanka, 2-7 December 2023

Activities of the Vice President for Latin America
ISRM Rocha Medal 2025 nominations by 31 December

ISRM Sponsored Conferences

3

ITACET

Foundation Newsletter #76

September 2023

www.itacet.org/newsletter37-september-2023

KukAo@opnoe To Teuxog 37 SenTeuPBpiou 2023 Tou Newsletter
Tou ITACET Foundation pe Ta akoAouBa nepiexopeva:
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Editorial
Training session reports

LUNCHTIME LECTURE SERIES #23 Date: 14/02/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on "From procurement to execution of a
contract, 3 spotlights". https://www.itacet.org/ses-
sion/lunchtime-lecture-series-23

PLANNING, CONSTRUCTION AND OPERATION OF COM-
MON UTILITY CORRIDORSS Date: 13/03/2023 to 15/03/
2023 Location: Online. The ITACET Foundation organized
an online training session in collaboration with the ITACET
Committee and Mutlag Al Ghowairi for Contracting LTD in
Saudi Arabia... https://www.itacet.org/session/planning-
construction-and-operation-common-utility-corridors-0

LUNCHTIME LECTURE SERIES #24 Date: 14/03/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on "Risk Management". https://www.ita-
cet.org/session/lunchtime-lecture-series-24

LUNCHTIME LECTURE SERIES #25 Date: 11/04/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on 'Service of machinery in mechanized
tunnelling'.  https://www.itacet.org/session/lunchtime-
lecture-series-25

RISK MANAGEMENT AND SUSTAINABLE UNDERGROUND
SOLUTIONS Date: 12/05/2023 to 13/05/2023 Location:
Athens. A two-day training session on ‘Risk management
and sustainable underground solutions’ was held on 12th
& 13th May 2023 in Athens... https://www.itacet.org/ses-
sion/risk-management-and-sustainable-underground-so-
lutions

LUNCHTIME LECTURE SERIES#26 Date: 13/06/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on 'Life cycle engineering and manage-
ment of tunnels' https://www.itacet.org/ses-
sion/lunchtime-lecture-series26

LUNCHTIME LECTURE SERIES #27 Date: 11/07/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on 'Occupational health in tunnelling'
https://www.itacet.org/session/lunchtime-lecture-se-
ries-27

LUNCHTIME LECTURE SERIES#28 Date: 12/09/2023 Lo-
cation: Online. This instalment of the Lunchtime Lecture
series focused on 'Planning for the subsurface and under-
ground space use'... https://www.itacet.org/ses-
sion/lunchtime-lecture-series28

Thank you to all those lecturers who presented on behalf
of ITACET

Online Lunchtime Lecture series - #23 Pravin Karki, Gon-
calo Diniz Vieira, Matthias Neuenschwander

Online Training Session - Planning, construction and op-
eration of common utility corridors Ray Sterling, Pierre-
Yves & Michel Gerard, Daniel Svec, Charles Edouard Del-
pierre, Yan Lee

Online Lunchtime Lecture series - #24 Philip Sanders,
Emmanuel Humbert

Online Lunchtime Lecture series - #25 Marco Della Casa,
Doug Harding, Jens Classen

Onsite Training Session WTC2023 - Risk management
and sustainable underground solutions Chrysothemis Par-
askevopoulou, Robert Galler, Mark Diederichs, Gerard
Seingre, Sotirios Vardakos, Klaus Rabensteiner, Matthias
Neuenschwander, Karin Bappler, Arnold Dix, Antonia Cor-
naro, Giovanny Alvarado, Panagiotis (Panos) Spyridis,
Mike Mooney, Max Labecki, Konstantinos Kirytopoulos,
Wolfgang Aldrian, Andreas Benardos, Sergios Lam-
propoulos, Ioannis Lefas, Nick Koronakis, Ilias Michalis

Online Lunchtime Lecture series - #26 Konrad Bergmeis-
ter, Farid Achha, Panagiotis Spyridis
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Online Lunchtime Lecture series - #27 Donald Lamont,
Eric Ball

Online Lunchtime Lecture series - #28 Han Admiraal, An-
tonia Cornaro, Abidemi Agwor

Forthcoming sessions

TUNNEL BORING MACHINES AND THEIR USE Date: Sun-
day, 1 October, 2023 Location: Paris. At the occasion of
the AFTES 2023 congress, a training session on 'Tunnel
boring machines and their use' will be held on 1st October
2023. https://www.itacet.org/sessions/forthcoming

RISK MANAGEMENT IN TUNNELLING Date: 11/10/2023,
2023 Location: Online The ITACET Foundation and the Ar-
gentinian Association of Tunnels and Underground Space
(AATES) organize the online training session during the
annual congress on 'Risk management in tunnelling' on
October 27th. https://www.itacet.org/session/risk-man-
agement-tunnelling-2

LUNCHTIME LECTURE SERIES#29 Date: 10/10/2023,
2023 Location: Online This instalment of the Lunchtime
Lecture series will focus on 'TBM driving main parameters'
and is organised in coordination with ITA WG14. It will
begin at 13:00 CET time. The episode will feature three
lectures and will finish with a Q&A with all speakers.
https://www.itacet.org/session/lunchtime-lecture-se-
ries29

Other events in preparation

The following training programmes are under prepara-
tion:

China, WTC 2024 in Shenzhen Next year’s course orga-
nized within the scope of the WTC 2024 will be held on
19th and 20th April in Shenzhen. Don’t miss this great
opportunity to meet with some of the most respected ex-
perts within their field and to network with other young
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professionals. The registration link will be available on the
ITACET website shortly.

Mexico, AMITOS The course will focus on ‘Calculation
methods for tunnel design’. The date is to be confirmed.

Other news

ITACET AWARDS 2023

The ITACET Foundation recognizes and honours the ex-
cellence and dedication of its partners, lecturers & donors.
During this year’s World Tunnelling Congress in Athens,
the Foundation acknowledged the collaboration of Dr
Donald Lamont and the Argentina Association of Tunnels
and Underground Space (AATES). The Awards were pre-
sented by the ITACET President Michel Deffayet during
the opening ceremony and ITA’s General Assembly.
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