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APOPA

O 6pUAOG TWV USPONAEKTPIKMDV EPYWV —
Mia diadpopn ano 1o 1950 Yéxpl onHEPA

Imavvng Ztepavakog kai Kwvotavrtivog NikntonouAog

ERXEIALETHE GHEAVPOY

Kadog Avardnong Exxsthioti YHE Onoaupou os Aswoupyia.
JUYKPLOT HE QUTOKIVITA OTO KATW Stawpa.

H nopeia Twv YdponAekTpikwv 'Epywv oTnv EAAGda sival a-
Meoa ouvdedepevn WE TNV 1oTopia TNG AEH. =Tic 20 IouAiou
1950 unoypd@Tnke cUPBaon PETA&U TNG eAANVIKAG KUBEPVN-
ONG Kal TNG auepIKavikng taipsiag EBASCO, pe Tnv onoia n
TeAeuTaia avaAduBave Tnv avantugn kai Tn Asiroupyia €6vi-
KOU OUOTAMATOG NAEKTPIKAG eveépyelag. =TI 7 AuyolUoTou
1950 13pUBnke n AEH. KaTteuBuvTrpiog dEovag ATav n napa-
YWY @ONVAG NAEKTPIKNAG EVEPYEIAC YIA TN OTAPIEN TNG AOTIKAG
avanTu€ng kail Tou ekBlopnxaviopyol TNG Xwpag.

Mpiv anod Tnv idpuon Tng AEH cixav TeBei o AsiToupyia noAU
MIKpd YOponAekTpika EpyooTacia Tnv nepiodo 1927 - 1931,
OUVOAIKAG EYKATECTNMEVNG 10XUOC nepinou 6MW. To npwTo
evepyelakd npodypappa eknovnOnke Tnv nepiodo 1951-1955
and Tnv EBASCO -n onoia €ixe avaAdBel Tnv eubuvn opyavw-
ongG kal Asitoupyiag Tng AEH, pe kepdalaia npogpxoOPeva ano
To Zx€D0I10 MapoaA Kkal TIG ITAANIKEG NOAEPIKEG anolnuiwoelc. Ta
€pya TOU NPWTOU NPOypAUNaATog nepiAdupavayv Tov atgonAe-
KTPIKO 0TaBuo AMIBepiou, Toug UOPONAEKTPIKOUG oTaBupoulg
AoUpou, Aypa kal Addwva, Kabwc Kal TNV KAaTAOKEUN ypau-
MOV HMETAQOPAG yia Tn d1acUvOeon OAWY AUTWV TwV OTABH®V.

Mg T0 deUTEPO EvEPYEIQKO NPOYPANKA NMOU EKNOVNOE N EAAN-
VIKn nA€ov dloiknon TNG AEH, peta Tn AREn TnG ocupBaong He
Tnv Ebasco 1o kaAokaipl Tou 1955, opioTIKONOINONKE n opya-
vWon Kai n open TNG EKMETAAAEUONG TNG NAPAywynG Kai TnG
d1avounG TNG NAEKTPIKNAG evEpyeliag. EmnAgov, TéEBnkav o€ Ael-
Toupyia o aTHONAEKTPIKOG 0TaBuO¢ NToAepaidacg kal o udpon-
AEKTPIKOG 0TaBOG Taupwnou. Meéxpl To 1960, yéoa os pia de-
kaeTia AeIToupyiag TG AEH, ekTOC anod Ta BEpUONAEKTPIKA Kal
UDPONAEKTPIKA EpYOOTACIA NAPAYWYNG, KATAOKEUAOTNKAV XI-
NIAdec XINIOUETPA YPANP®Y HETAPOPAC KAl dIAVOUNG TNG NAE-
KTPIKNG €VEPYEIQC, KABWC Kal NARBOC unooTabuwy PETAoXN-
paTiopoU Tou pelPAToC.

Tnv nepiodo 1950 - 1975 KATAOKEUAOTNKAV OKTW (8) Meyahol
YdponAekTpikoi ZTabpoi ATol: Aypag, Aadwvag, AoUpog, Tau-
pwnodg/MAactnpag, KpepaoTd, KaoTpdki, Edsgaaiog kai MoAu-
(PUTO, OUVOAIKNG €YKATECTNHEVNG IOXUOG 1.410 MW.

Tnv nepiodo 1976 ¢wg kal 1996 kaTaokeudoTnKav eniniAéov 8
HeyaAol kal 3 pikpoi YHZ nATol: Moupvapi I kai II, Zpnkia, A-
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owuaTta, =Tpartog I kai II, NMnyég Awou, ©noaupog, NMAaTtavo-
Bpuon, Tkiowva kar Makpoxwpl, CUVOAIKNG €YKATECTNHEVNG I-
oxUog 1.630 MW, oToug onoioug nepiAappavovTal kai duo a-
vaoTpéwipol AVTANTIKoi ZTaBpoi, n =enkid kalr o @noaupdc.

270 di1Gypappa nou akoAouBei gaiveTal oxnMaTika n TaxutaTtn
avanTtugn Twv peyalwv YHE, 1diaitepa kaTtda tnv 30eTia 1960-
1990 and T AEH. H peyain kauyn apxios ano 1o 1997, peta
TNV OAOKANPwON TNG €vra&ng oto cUOTNNA TwV PEYAAwWV Y-
dponAekTpikwVv Epywv Tou NéoTou (Onoaupog kai MAatavo-
Bpuon).

'EKTOTE AOYW TWV AC0TOXWV, AiaV ENIEIKWG, EVEPYEINV TWV dIOl-
knoewv TG AEH kal napa Tig eNiPOVEG €I0NYNOEIG TWV STEAE-
XOV TWV YOponAekTpikwV 'Epywv, To HOvVo peyaho YHE nou
evTaxbnke oTto cloTnua €ival autd Tou IAapiwva 10 2013, He
Ta pakponpdBeopua 1diaiTepa Suopev anoteAéopuarta nou Jou-
Me onpepa, AOyw TnNG NARPOUG ENIKPATNONG TOU €l0ayOuEVOU
puaikoU aepiou.

eth &

H npooBnkn eyKateoTnUEVNG 1I0XUOG TWV YOPONAEKTPIKWV
‘Epywv otnv EAAGda

Mpodowno KA€Idi Kal NPWTONOPOG yia TV avanTuén Twv Ydpo-
nAekTpIK®V 'Epywv ornv EAAGda unnp&e o asipvnoTtog Stau-
pog NikoAdou (1920-2003). AleTéAeoe NpwTOG KaBnynTng oo
EMM oTnv 'Edpa Twv YOpauAikwv - YOpoduvauikwv ‘Epywyv II,
Tnv nepiodo 1969-1982.

0 kabnyntncg NikoAdou unnp&e and@oiTog Tou KoAAeyiou ABn-
V@V Kal JeTéneita Tou EMM oTa dUokoAa xpovia Tng KaToxng.
3TN OUVEXEIQ YETERN OTNV AMEPIKN, OMOU €KAVE TIG METANTU-
XIOKEG TOU OMOUJDEC OTO MeEPIPNUO yia TNV €noxn Tou IvoTi-
TouTOo Mpokexwpnuévwy Ydpoduvapikwv Epeuvov Tng Iowa
(oTo onoio OTn CUVEXEIQ, WG KaBNyNTNG, AnéoTEIAE PE EUUEDN
MEYAAN olkovouIKkn evioxuon (UNoTPogieg) €vav PIKpO apiBuod
onoudaoTwy ToU, — METAEU Twv onoiwv Kal o deUTEPOG CUy-
YPAPEQG TOU NAPOVTOC ApBpou — Kal €EEIBIKEUTNKE OTN HEAETN
Kal TNV KATAOKEUN (PPAyHATWV Kal UOPONAEKTPIKWV £PYWV.
EnéoTtpewe otnv EAAGDa nepi To 1960, wG OTEAEXOG OTNV Ka-
TAOKEUN TOUu ppaypaTtog KpepaoTtwy, (KAaTaoKEUAoTrG TOU U-
noyn €pyou n etaipia Keiser Eng. & Contractors kal JEAETNTAG
n eraipeia ECI).

AkoAoUBwC (1969) eEeAéyn kadnynTng Tou EMM kai evérage
otn di1daokaAia Tou Ta €i1dika padnuata nou agopolcav To
oxedlaopo Twv YdponAekTpikwv ‘Epywv. Elonyaye apeowg
TOUG ONoudacTEG TOU OTN YIyavTidia KAigaka Twv Heyaiwy Y-
dponAekTpik®wV Epywv, n de napakoAolBnon anaitolos uywn-
A®V anaItnoswyv ouvduaaoTIKN YVWOn TwV KUPIOTEPWY KATEU-
BUvoewv TNG ZX0ANG Twv MoAIMIK®V Mnxavikwv (YOpaulika,
FewTeXVIKG, AOPOOTATIKA).

MNwg aAAiwg anod yiyavTiaia 8a pnopoloe va XapakTnpioBei n
KAigaka Twv YdponAekTpikwv ‘Epywv, 06Tav napoucialouv Te-
XVIKG XapakTnpIoTIKa 6nwe 0 OYKOG Twv 12 £k. m3 enixwpda-
TWV TOU QpayuaTog Onoaupou, (1I0odUvapou KOOTOUG WE Ta
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enixwuaTa Tou AuTokivnTodpopou Tng Idviag OdoU pRKoug
190 xIAlopETpwV), Ta 10km onpayywv Tou ¢payuaTog Mnyowv
Awou Kal paiiota SiapéTpou £wg 7,0m, o unoyelog oTaduog
napaywyng Tou @payuatog ZTpATou €MPAVEIAG KATOWEWG
1.400 m? kal UYPoUG 1I00d8UVANOU PE BEKAENTAWPOPN MNOAUKA-
ToIKia?

To 1972, idpuoe ot AEH, pe auoTnpd 1I31WTIKOOIKOVOUIKA KplI-
TApPIa, To NepiPnUo KAIHAKIO MEAETNG YOPONAEKTPIK®V EPYWV
(KMY) pe okond Tn MEAETN Kal TNV KATAOKEUN UJSPONAEKTPI-
KOV €pYWV ano ‘EAANVEG pnxavikoug kal EAANVIKEG KATAOKEU -
aoTikég ETalpeieg , dedopEVOU OTI, HEXPI TOTE, TOCO N MEAETN
000 Kdal N KAaTaokeun avaiapBavovrav and peyaioug Oikoug
Tou €EwTEPIKOU.

Méoga oe pOAIg Tpia (3) xpovia, Adyw Tng noAU I0XUpNG Npo-
ownIKOTNTAG, TNG €EAIPETIKNG EUPUIAG, TNG anapdpiAAnNg Te-
XVIKAG OUYKPOTNONG Kal TNG evTINOTNTAG Tou KadnynTr Niko-
Adou, 0600 Kal ToV evOoUCIaoNO TWV VEWV KAl Aaunp®V pnxa-
VIK@V Nou o id1og eveéTage oTo duvapiko Tou KMY kai Tng AAYE
OTn OUVEXEIA, APXIOE N KATAOKEUN TOU NPWTOU EAANVIKAG Ka-
Taokeung YoponAekTpikoU ‘Epyou, Tou ¢ppayuaTog Moupvapi-
ou agTov Apax6o, To onoio oAoKANPWONKE kal apxioe va na-
payel evépyela HEoa oToV EAAXIOTO XPOVO, Yia Ta EAANVIKA de-
dopéva, TwV Teoodpwv (4) eTwv. AKOAOUBNOE N PEAETN Kal N
KATaokeur NOAA®MV AGAAWV peydAwv gpywv (Z@enkia & Aow-
paTta oTtov AAldkpova, ETpaTtog otov AXeAwo, MnyEg Awou
K.d.).

O kaBnynTng NikoAdou, dnuioUpynaoe I0XUPEG OUADEG VEWV
EAAAVOV PNXavikov, KUpiwg ano@oitwv Tou EMM aAAd kai
MeyaAwv MoAutexveiwv Tou eEwTepikol. O1 véol auToi Mnxa-
vikoi, nAikiag 25-35 etwv!!!, ol onoiol yeEAETNOAV Kal eNEPAe-
wav ol idiol TNV KATaoKeUr TWV HEYAAWV QpaypdaTwy Tng ne-
p16dou and To 1972 kal evTelBev, nAaioi®BnKav ano Aiyoug
HOVOV guneipoyvVwpoveg d1EBVoUg KUPOUG Kal €ToI dnNUIoupyn-
Onke évag povadikog NUPRvVag TEXVOYVWaoiag aTn Xwpd, 0 o-
noiog £dwae wWONON TOGO 0t EAANVIKEC KATAOKEUACTIKEG £TAl-
peiec 600 kal o€ 'EAANVEC NPouNnBeUTEC, YE ANOTEAEOUA Mia
npwTtopavn avantuén yia Ta dsdopéva TnG Xwpas. And tnv
npoondBsia auTr dnuioupyndnkav PoOAIC péoa oe pia 20€Tia
YdponAekTpikd 'Epya EykaTteotnuévng Ioxuog 2.300MW nepi-
nou.

AUTO TO povadiko oTnv EAAGda TexvoAoyiko eniTeuypa, 1o o-
noio eAaxioTol To yvwpifouv onpepa, KATeEoTn duvaTo OI0TI Ol
V€Ol auToi Mnxavikoi €kavav npoownikr Toug 131okTnaia, yia
Va MIANOOUHE HE KOIVWVIOAOYIKOUG OPOUG, TOV OTOXO TNG Ka-
TAOKEUNG TWV HEYAAwV YOponAekTpikwv Epywv. Kal pe Tnv
€U@Uia Toug Kal Tov evBouaiaoud Toug To ENETUXAV.

lMNa Adyoug ouykpioewg, Tnv Hev 10eTia Tou ‘70 To TOTE
Ynoupyeio Anuociov 'Epywv nNOXOAEITO Kupiwg ME €pya
enapylakng odonoliag, Tn Oc dekaeTia Tou ‘80 PE KATAOKEUN
nefodpopinwyv Kalr nAateimv!!

2. MEFAAA YHE ME EAAHNIKH TEXNOINQZIA

Ano Tnv idpuon Tou KMY 1o 1972 kai peTa, avantuxdnkav ta
£€pya nou neplypagovTtal napakaTtw. Ta YeyEdn Toug Kai n Te-
XVIKR MOU akoAouBrnenke Napapevel EVTUNWOIAKN aKOUa Kai
onuepa. Ta €pya auTta anoTéEAecav TNV anapxrn €papuoyng -
EcIDIKEUPEVNG Texvoyvwaiag otnv EAAAda, evw anoteAolv
npwTonopia He 6POUC HEYEBOUG, TEXVOYVWOiag kal avTanodo-
TIKOTATAC, CUYKPIVOUEVA HE 0MNoI0dNNOTE AAAO HETAYEVEDTEPO
€0VvIKO £pyo UNODOOUNG MEXPI KAl CrUEPA.

IdiaiTepn pveia npénel va yivel og dUo YdponAekTpika ‘Epya:
Tou ©noaupou kal Tng MAatavoBpuong oTov notapo NEoTo.

O Onoaupog eival éva ano Ta ynhoTepa epdayparta TnG Eupw-
nng, He Uwog 175 m, prkog 480m kai 6yko 12 ek. m3. H na-
POXN TOU €KXEINIOTN ayyilel TNV EVTUNWOIAKN TIKA Twv 8.250
m?3 /sec.
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To deUTepo Ot PEYEBOG UDPONAEKTPIKO, auTo Tng MAaTtavo-
Bpuong, €xel UWog 95 m kal pRkog 270 M, KATAOKEUACTNKE
de and kuAivdpoupevo okupoddepa (RCC), npwTondpa TeXVo-
Aoyia yia Tnv EAAGda, pE TN Xprion INTAPEVNG TEPPAG WG TE-
TAPTO OUVOETIKO OTO HEiyHa okupodEépaToc. To npwTonopiako
auTo €pyo oxedidoTnke and ouada uno Tn dielBuvaon Tou oTe-
Aéxoug TnG AAYE kag MouAag Tolkvdkou Kdl VUV OTEAEXOUG
Tou Opihou TEK TEPNA kal uAonoin®nke Xapiv oOTIG AOKVEG
npoondBel€g TNG, eV HECW WAAIOTA 1IO0XUPWV avTIdpdoswy. To
€pYo €TUXE NaykOoMIag avayvwpiong, AOyw Tou uywnAoU no-
0ooTOU TEQPPAG KAl avagepeTal o OAa Ta Aigbvr) Suveédpia.
Tov AnpiAio Tou 2007 eykpiBnkav ol EOvikeg Mpodiaypapeg
XPNong TEPpag, w¢g nNPOCHIKTO OTO OKupodepa (PEK 551-
18.04.2007).

NMOTAMOZ APAXOGOZ
Moupvapi

To Moupvdapl aTtov n. ApaxBo, anéxel 4km ano Tnv nNoAn Tng
ApTag kal TEBnkKe o AeiToupyia To 1981. 'EXEl €yKATEOTNMEVN
1oxU 300 MW kal €TAola napaywyn evépyeiag 437 GWh. Aia-
BETEl XWHATIVO @pdayua Uwoucg 102 m We PRKoOG oTEwng 580
m Kal OYKO PPAYHaATog 9 €k. M3 LE UNEPXEIAIOTN ano oKUPO-
depa kal oTabuod napaywyng Teaodpwv (4) povadwv.

H ouvoAIkr xwpnTIkOTATA Tou TauisuThpa cival 730 ek. m3 kai
n enipaveia katakAuong 20,6 km?2.

YHE Noupvapt

Moupvap: 11

To udponAekTpikd €pyo Moupvapi II KATAOKEUAOTNKE KATAVTN
Tou YHZ Moupvapiou kal T€Bnke oe Aeitoupyia To 2000 pe gy-
KateoTnuévn 1oxU 32 MW kal €Tnola napaywyn evépyeiag 52
GWh.

A€ITOUPYEI WG avappubuIoTIKOG TaWIEUTHPAg, eEac@alifovTag
TN GUVEXN PON Tou vepPoU OTNV KOITN Kal TIG EKBOAEG Tou Mo-
Tapou ApaxBou, kab’ oAo To €Tog, cupBaAAovTag oTnv opbo-
AOYIKR Kal anoTeAeopaTikn a&lonoinon Twv apdsuTiKwv Ol-
KTUWV TNG NEPIOXNG.

To €pyo anoTeAeiTal anod XwpAaTivo epdayua oTnv apioTepn o-
X0n, uNkoug nepi Ta 2km kal UWoug nepi Ta 15m kal ano u-
nepnndnTod ppAyua okupodENATOC yia Tn SI0JEUCN TWV NANU-
HUPIK®V Napoxwv, Mnkoug 130m.

H ouvOAIKRA XWpNTIKOTATA TOU TaWIEUTAPA sival 4,5 ek. m3 kai
n enipaveia Tou 0,65 km?2.

STOo Kmplo Tou ZSTaBupol Mapaywyng orteyalovral TPEIG
Hovadec.

MOTAMOZ AQOZ
NMnyég Amou

O YHZ Twv Mnywv Awou anéxel 45 km ano ta Iwavviva kai
20 xAM. BopeioduTikd Tou MeTOOBOU. EKTPENEI PIKPO HEPOC
TWV VEPWV TOU noTapoU Awou npog Tov ApaxBo. TéBnke oe
Aeiroupyia To 1990 pe eykateoTnuévn 1oxU 210 MW kai €Thoia
napaywyn evépyeiag 205 GWh. To kupiwg epayua (3 k. m3)
kal To BondnTikd (500.000 m3) cival oTo opondio MOAITOMV.
Ynapyxouv nevTe (5) akOUN QUXEVIKA Qppayuara.
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H oTéwn Twv @payudTwy BpiokeTal oTo UPOUETPo 1.349m, n
MEYIOTN oTAdun Asiroupyiag oto uWopeTpo 1.343m, n eAaxi-
oTn oTadun Asiroupyiag oto uywoueTpo 1.315m. 'OAa Ta na-
panavw @pAayuaTa sival XwuaTiva pe eEwTepikeG {wVeG ano
nep1doTiTn, @IATpa and apPoXAAIKO Kal €vav  KEeVTPIKO
apyiAiké nupnva.

H ouvoAIkn xwpnTIKOTATA Tou TapisuThpa sival 180 ek. m3 kal
n enigpdavela katdkAuong 11.5 km?2,

To épyo €xel MeydAa WHNAKN UMNOYEIWV Onpayywv, nou
unepBaivouv Ta 10 km:

SApayya ekTponng 650m

suoTnua npooaywyng 4.080m

npayya npoonéAaong oTabpou 1.625m
ZApayya kaAwdiwv 850m

SApayya Quyng 2.900m

Eniong evtunwaiakd ival Ta KTnpiaka €pya:

O unoyelog oTabuog Napaywyng MAKoUg 65m, nAAaToug 16m
kal Uyoug 34,30m

O B8alapog BaABidwv unkoug 39m, NAGTOUG 7m Kal UWoug
11m

O 8aAapog NETAOXNMATIOTWV PAKOUG 31m, nAdToug 14m kal
Uyoug 14m

Texvnm Atlpvn Mnywv Awou

MNa va yivouv avTiAnnTég and Tov avayvwoTtn ol d1acTacelg
Tou oTafpol napaywyng, onUEI®VOUHE OTI €ival 1000UVANEG
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Me €€ oAokAnpou undyeia dekawpoPn noAukaToikia gupadou
KATOWEWG 1.050 m?!

NMOTAMOZ AAIAKMONAZ
Zpnkia

O YHZ Zonkiag Bpiokeral 25km voTia Tng ndAng Tng Bepoiag,
TEONKE o€ AeiToupyia To 1985, d1aBéTel 0TABUO WE TPEIG Jova-
deg Kal €XEl OUVOAIKN €ykaTeaTnuévn 1oxu 315 MW (3 x 105
MW) kai €Tiola napaywyn evepyeiag 220 GWh.

O w@EANIPOG OYKOC TOU TapIeuTApa sival 18 ek. m3 kai n kaTa-
KAuZopevn enmipaveia eival nepinou 4,3 km2. H oTtadun Tou
TAMIEUTAPA KUKPAIVETAl and TV av@TaTn OTO UWONETPO +146
€WG TNV KAT®TATn O0TO +141,8, pe oTddun NAnuupUpag To
+147.

H onpayya ekTponng eival enevdedupévn WE OKUPODEUA, ME
MNKoG 490m Kkal E0WTEPIKA dIAUETPO 7,5 M.

To gpayua gival AiBoppINTO PE KEVTPIKO ApYIAIKO Nuprva Kal
OYKO i00 pe 1,6 ek. m3. To Uwog Tou gival 82 m, To PNAKOG TOU
220 m Kal To EAAXIOTO NAATOC 0T OTEWN ico We 12 m. AlaBg-
Tel dU0 €eKXEINIOTEG PE TOEWTA Bupo@pdayuata dlaoTACEWV
7,2%9,0 m To kabéva, oApayya anaywyng kal €pyo eKTOEEU-
ong.

Ynapyouv TpeIg udpoAnwisg (Mia yia kabe povada) e KekAI-
UEVEG 0XApeG 0TV €icodo dlaoTdoswy 5,6x10,9 m.

AvTioTOIXa, UNAPXOUV Kal TPEIG ONPAyyeg npooaywyng (Mia
yla kabe povada), He OUVOAIKO WNAKOG TNG KaBe piag ico pe
161 m kal ecwTepIkn diaueTpo 7,00 m.

O Z1abuog Mapaywyng BpiokeTal oTo apioTepd avTEPEIOUA
TOU QpPAyHaTog, gival nuIunaibpiog kai g€ autov Acitoupyouv
0l TPEIG AVAOTPEWIUEG HovAdeG KaTakopupou agova, nou eni-
TPEMOUV OTO OTAOUO va AEITOUPYEI KAl WG AVTANCIOTAMIEUTI-
k0G. O1 dlaoTacelg Tou oTaBpou €ival nepinou 85 m pnkog, 47
m nAdTog kai 34 m Uywog. O oTaduog iocoduvapei pe dwdeka-
WpoPn MOAUKATOIKIa enIpaveiag KAToOWews Teoodpwv (4)
OTPEPNATWV.

3TO aploTeEPd AVTEPEIOPA €niong BPIOKETAl KAl O EKKEVWTNG

nubpéva Tou €pyou nou €ival TUNou orpayyag and okupodeua
He eowTepikn diaueTpo 3,50 / 3,00 m kal prikog 310 m.
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®dpayua, YopoAnwieg kar STabuodg Napaywyng YHE Zenkiag
Acopara

KaTtavTn Tou YHZ Senkidg kai 8 km nepinou voTia Tng Bépol-
ag, BpiokeTal o YHE AcwpdaTtwy, nou TEBnKe os AsiToupyia To
1985, d1a0<Tel oTaBPd e dUO POVADEG KAl €XEI GUVOAIKH £y -
KaTeoTnUevn 1oxU 110 MW kal €TACIa napaywyn evépyeiag
134 GWh

O TAMIEUTAPAG TOU €pyou EXEl XwpnTIKOTNTA 53 ek. m?3,
WQENPO Oyko 10 k. m3 kal katakAulopevn enipdveia 2,6
km?2,

H oTdBun Asitoupyiag Kupaiveral and 1o UPOHETpo +81 £wg
T0 +85,5 Ye otadun nAnuuUpag To +89.

H onpayya ekTponng Xl UAKog 496 m kai sival neTaAogidoug
Hop®n¢ e diapeTpo 7,2 m/ 8,5 m.

To @paypa ival XwpAaTivo Je KEVTPIKO nuprva, Uywoug 52 m,
MAKouG 205 m, pe NAGTOG oTEWNG 15 m Kkai dyko 1,45 ek. m3.

O ekxeIANIOTNG anoTeAeiTal and Tpia ToEwTa BupoPpaypaTa
dlaoTdoswv 7 x 8 m 1o kabéva, onpayya anaywyng kal €pyo
eKTOEEUONG.

To £pyo di1aB€Tel dUo udpoAnwiec (pia yia kabe povada) pe
KEKAILEVEC €0XAPEC 0NV €i00d0 diaoTacswy 4,8 x 9,3 m.

Exxethiotq Kat YSpoAnwisg YHE ACWHATWY (KATA TNV KATAOKEUT)

AvTioToIxa, undapyxouv OUO ONPAYYEG MPOOAYWYNG ME
XaAUBdIvN engvduan, UNKoug 60 m Kal E0WTEPIKNG dIAPETPOU
6 m.
O oTabuog napaywyng eival unoyeiog MAKoug 54,70m,
nAdtoug 17,60m kai Uyoug 42m.
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TENOG, 0 €KKEVWTNG NuBuéva PBpiokeTal evTog TNG Cnpayyag
EKTPOMNCG.

IAapinvag

BpiokeTal oTo drjpo Kolavng, TéBnke oe AsiToupyia To 2012
Kdl €XEl EYKATEOTNHEVN 10XU 157MW and Tig dUo Hovadeg Tou
oTabpou napaywyng kal akopa 4,2 MW and to MYHZ IAapi-
WVa Nou eKPETAAAEUETAl TNV OIKOAOYIKA napoxr oTnv ££0do
TOU EKKEVWTN NUBEVa Tou PpPAypaTog, n onoia TEONKE o€ Ael-
Toupyia To 2014.

H etroia napaywyn evépyeiag gival 270 GWh.

To Y3ponAekTpikd 'Epyo anoTeAeiTal ano XwuAaTivo epaypa u-
woug 130m, prikoug 540 m, ouvoAikoU oykou 9 k. m3 nepi-
Mou Kal PE TAMIEUTAPA W@PEAIUNG XwpnTIKOTNTAg 400 £k. m3
nepinou, nou kaAunTtel 22 km2, oToug vopoug Kolavng kai
IpeRevv.

NMOTAMOZ NEZTOZ
®noaupog

BpiokeTal og anooTtacn 60km anoé Tnv noAn Tng Apauag KovTa
oTo XWwpPIO MNapaveaTi. TEBnke oe AsiToupyia To 1997. Eival o
3eUTEPOC AVTANCIOTAMIEUTIKOC 0TaBudG atnv EAAGda e eyka-
TEOTNMEVN 10XV 348 MW pe Tpelg povadeg oTo otabud napa-
YWYRAG, 0 onoiog sival undyeiog unkoug 64m, NAATOUG 22m Kal
Uyoug 44m.

H etroia napaywyn evépyeiag ival 507 GWh.
To @pdaypa eival To peyaAuTepo AIBOPPINTO Ppaypa TnG EANG-
dacg kal €éva and Ta ynAoTepa yewppayuaTta TG Eupwnng pe
Uwog 175m, prkog 480 m kai dyko 12 ek. m3,

O OUVOAIKOG OYKOG TOU TapIeuThpa ival 705 k. m3 (w@eAI-
Jog Ta nepinou 500 eKk.) kal n enipaveid Tou sivar 20 km?2.

SOATMA BHEAN OV

Agpodwroypadia YHE Oncavpol, 6nwg daivetal amd Kardvn
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To €pyo J1aB€Tel €niong ekXeIAIOTH, ME Bupo@pdaypaTa oTo
£€pYO0 €100d0U, MOU anoTeAEITAl anod TPEeIG JIWPUYEG GUVOAIKOU
kaBapou NAAToug 41m Kal Pnkoug nepinou 350m pe £pyo €Kk-
TOEEUONG OTOV KATAVTN TUNMA TOU.

LTABMOL BAPATOFKE

EXXEIAIETIIE GHEAVRGY

Kadog Avartiidnong Exxethiotr YHE ©Oncaupol os Asttoupyia.
ZUYKPLOT HE QUTOKIVNTA OTO KATW Sta{wpa.

MAatavoBpuon

Katavtn Tou YHZ ©noaupou BpiokeTal o YHZ MAatavoBpuaong,
0 0noiog TEBNKe og AeiIToupyia To 1999, €xel eyKATEGTNHEVN
IoxU 116 MW, eTnola napaywyn evepyeiag 278 GWh kai Aei-
TOUPYEI yia va KaAUNTel KAl avaykeg Apdeuong.

To epayua €ival Uyoug 95 m, unkoug 270 m pe dyko 450.000
m?3 Kal KATAOKEUAOTNKE and KUAIvEpoUWEVO OKUpOdEUa
(RCC), npwTonopa TexvoAloyia otnv EAAGda, pe Tn xpnon I-
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NTAPEVNG TEPPAG WG TETAPTO CUVOETIKO OTO HEiya oKUpodE-
parog.

O1 INTAPEVEG TEPPEG TNG NEPIOXNG MTOoAEUAidag, napanpoidvTa
TNG Kalong Tou AlyviTn oToug AlyVITIKOUG oTaBuoUc, XapakTn-
piCovTal ano:

AvopoloyEvela aTn oUaTacr TOUG

YWnAn nepiekTikOTNTa (15%-35%) o€ diabgoipo Cao.
A&loonpueinTeg UdPAUAIKEG 1IB10TNTEG Kal Taxeia avainyn av-
ToXWV, 101aiTEPa, av nponynOei aieon.

SUMQWVA PE EEIDIKEUNEVEG HEAETEG (KUPIWG and Tnv kadnyn-
Tpia Tou AMNO ka Iwavva Manayidvvn) Kai Tn GUPHPETOXN TOU
EidikoU ZUpBoulou Malcolm Dunstan, oXedldoTnKE WE EMIPE-
Aeia kal a€ionioTia n oUvOeon ToU WEiyNATOg OKUPOJEUATOG.

To peiypa okupodEéuaTog, cUM@WVA PE TO OMOI0 KATAOKEUA-
OTNKE TO £pyo, nepisixe 50 kg/m3 ToipévTo kar 225 kg/m3 €n-
eEepyaopevn TEQpa MNToAepaidag, n onoia gixe unoaTei AAeon
-udpoAuan, oc €101kd JUAO MOU KATAOKEUAGTNKE OTOV AlyVi-
TIKO ZTaBuo MToAgpaidac. To @pdayua OAOKANPWONKe TO
1997, oe didoTtnua 1,5 €roug (xpovog pekdp yia To WEYEBOC
TOU) Kal ATav To uwnAoTePO avTioToixo TnG Eupwnng.

H Téppa, w¢ TETapTo UAIKO OTO Meiyda okupodEuaTog, Oxl oTo
KAIVKEP, UNOKATESTNOE TO TOINEVTO KaTa 80% Kkal £dwae TNV
TeEXVIKN AUON yIa TNV oJaAn avaAnywn avioxwyv He EAEYXOHEVN
€EwBepun avTidpaon Tou PEiyHNaTog OKUPOJEPATOC, Yia ThV a-
nopuyn PNYMATOOoEWV, AOYw avanTtu&ng uwnAwyv Beppokpa-
Ol®V EVUBATWONG.

YHE MNMAatavoBpuong

H ouvoAikf XwpnTIKOTNTA TOU TAMIEUTRAPa cival 57 k. m3 kal
n enipaveld Tou sival 3.3 km?. O oTaBuoOG napaywyng Bpioke-
Tdl oTOV KATAavTn noda Tou ¢ppayuarog katahapBavovrag oxe-
30V OAn TNV KoiTn, Ke 31a0TACEIC PAKOUG 82m, nAAaToug 30m
Kal Uyoug nepinou 35m. TNV 0poPr Tou BPioKETAl TO £€pyoO
EKTOEEUONG TOU UMNEPXEIANIOTH TOU PPAYHATOG.

Topr) Mavw oToV UMEPXELALOTH TOU PPAYHATOC Kat Tov dgova TG povadag Tou otabpou.

ZeAida 7



YHE MAatavoppuonc.
Kataoksun dpaypatog amnd kuhvSpoUpevo okupodepa.

MOTAMOZ AXEAQOZ
ST1parog I ka1 II

Se ouvexela Twv YHE KpepaoTwv kal YHS KaoTpakiou, eni Tou
n. AxeAwou Bpiokeral To YHE ZTpaTtou I nou TéBNKe oc Ael-
Toupyia To 1988 e CUVOAIKN £yKATEGTNUEVN IO0XU 156 MW Kkal
£TAOIO Napaywyn evépyeiag 364 GWh.

O oTabudc napaywyng ival unoyeiog unkoug 66,60m, nAa-
Toug 21,10m kail Uwoug 48,60m. lNa va yivel avTiAnATo anod
TOV avayvmoTn, To PéyeBog auTo 1ooduvapei e undyeia de-
KAeNTawpo®n noAukaroikia eypadol KaTtoWewg 1.400m2!! To
Ppayua xsl UWog 26 m, pnkog 1.900 m kai 6yko 2,8 ek. m3.
H ouvoAikf XwpnTIKOTATA TOU TAMIEUTAPA ival 15 ek. m3 kai
n en@aveida Tou sival 8,4 km?2. ApydTEPA KATAOKEUAOTNKE TO
MYHZ ZtpdaTou II nou a&lonolei TNV OIKOAOYIKA napoxn Tou
notapol AxeAwou Kal TEBNkKe og 10U To 1989 pe dUo povadeg
Kal 1oxv ion pe 6,3 MW,

Meooxwpa

To @payupa TnG Meocoxwpag, 1oxlog 160 MW, anoTeAsi napa-
delypa peyioTng aBeAtnpiag yia Tnv EAANGda. Mepiépywe ouv-
O£BNKE PE TRV NOAUBPUANTN €KTPOMMA TOU AXEAMOU Kal OUYKE-
VTPWOE TOUG aokoUG Tou AIGAoU, EVW NpoPavwe 8a pnopouaos
va ouvOPANEl ONUAVTIKA OTO EAASINPATIKO EVEPYEIAKO 100U -
yI0 TNG Xwpac. To gpaypa sivalr Ai8oppIinTo Ye avavTn nAdka
OKUPOJENUATOG, UWoug 150m, pnkoug oTewng 340 m kal Oyko
5,3 ek. m3, O ekX€INIOTAG, 0 ZTaBpdc MNapaywyng Kai ol AoINEg
£YKATAOTACEIG, €ival OAOKANPWHEVEG NdN anod 1o 2001!!, aAAa
dev £xel NANPWOEi 0 TAPIEUTAPAC WOTE vVa AEITOUPYAOEL.

To ohokAnpwpévo Opdyua kat EKXEMOTAG Tou sykataheAswupévou YHE Mecoywpag
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H GUVOAIKH XWwpNTIKOTATA TOU TapIEUTApa sival 358 ek. m3 kai
n em@aveid Tou eivar 7,8 km2. To kTiplo Tou oTtaBuou cival
nuiunaiépio pe diIa0TACEIG PRKoug 95m, NAdToug 57m kai U-
woug 37m.

To £pyo €&l TEPATTIO KOOTOG KAl KABE XpOVO UNAPXEI AnWAEIA
€00dwV Yyia Tn AEH, Tng Ta&ewg Twv 30 ekaT. supw!!!

EN KATAKAEIAI

To napdv apBpo £pXETAl va EVNUEPWOEl TOUG VEOTEPOUG OTI N
avanTtugn Twv MeydAwv YSponAekTpik®V Epywv NMoAAAnAnG
OKOMIPOTNTAG, €ival €pyo €BVIKNAG onpaciag, KAt To onoio dev
avTeAneOnaoav ol dioiknoeig TNG AEH anod To 1996 kai evTeu-
Bev. Eniong kal kupiwg anookonei va Jei&el ge Tov Mio 1GXUPO
TPOMO NWG Hia Aaunpr opada vEwv WUnxavikwv Tou EMN ka-
TOPOWOE, €VTOC MIAG €IKOCAETIAC Mepinou, va SnUIoUpynoEl
€va TEXVOAOYIKO €MiTEUYHA To onoio dev €xel EgnepaoTei a-
kOua Kal oAPepa Kal To onoio anoteAei EBvikN Meplouaia.

Méow TnG avanTugng Twv Meyalwv YHE, eniTuyxdveral n BEA-
TioTn diaxeipion evog NoAUTIHoOU nopou. Eniong Aoyw Tou ye-
YOVOTOG OTI Ta €pya auTd €ival UYPnNARG eyXwpiag NpooTIOEuE-
vng a&iag, oupBailouv kaboploTikd oTnV €vepyonoinan Tou
TEXVIKOU Kal KATAOKEUAOTIKOU duvapikoU TnG Xwpdag, nepio-
OOTEPO ano KABe AAA0 €pyo UNOJOWUNG, AOYW TNG MOAUNAOKO-
TNTAg TOUG.

STo AlGypappa nou akohouBei napouacialeral diaxpovika (ne-
piodog 1980-2020) o kaBopioTikdG pOAOG TwV YOponAekTpl-
KoV Epywv oTnv €EunnpéTnon Tou Alaocuvdedepévou SuaTh -
HaTog Mapaywyng NAEKTPIKNG evépyelag atnv EAAGda, cuv-
dpdapovTag onuavTika oTnv ane€aptnon TnG napaywyng HAe-
KTPIKAG Evépyeiag and To neTpéAalo.

Awaouvdedepévo IUotnpa
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4. YAPOHAEKTPIKA EPTrA: TO MEAAON

EnevdlovTag nepi Ta 6-7 d10. eupw (~2.500 eupw / KW): RTOI
TO 15% pOvVoV TwV AoTOoXWV KATA TNV anoyn pag danavnbev-
TWV NOOWV Yia TNV 0pIfovTIa Kal OXl OTOXEUMEVN OIKOVOMIKN
evioyxuon d1a@opwv opadwyv Kata tnv nepiodo Tou COVID, Ta
onoia €v MnoAAoig dioxeTelbnkav o€ TpanefikoUug Aoyapia-
opoUG Kal oTNV KaTavaAwon:

- OAokAnpwvovTal €ikoainevTe (25) véa peyaia YoponAe-
KTpIkd ‘Epya.

- MpogoTiBevTal ~ 2.500 MW IioxU0G aixung oTo ouoTnua
(aug&non 75%).

- MapdyovTtal ~ 6.000 GWh nAniag, avavewoiung Kai eyxw-
plag npooBeTng evépyelag aixung (avgnon 150%).

- MpooTiBevTal 5.000 ek. KUBIKA MPETPA anobnkng vepou
(aug&non 70%).

- IkavonolgiTal o oToxog Tou EZEK (31.12.2019) yia noco-
oTd napaywyng and AME 61%, oTnv akabdapioTn kaTava-
Awon NAEKTPIKAG evépyelag, pexpl To 2030.

— BeATi®vETaAl N AVTINANPUUPIKN NPOOTACid TWV KATAVTN Ne-
SIVOV MEPIOXWV.

ZeAida 8



- OwpakileTal n xwpa yia TNV avTIETONION NAPATETAUEVWV
nepiodwv Enpaaiag.
-~ BeATIOVETAI N EVEPYEIAKN PAG auTovopia.

(ypodomes.com, 20 Maiou 2022, https://ypodomes.com/o-

thrylos-ton-ydroilektrikon-ergon-mia-diadromi-apo-to-
1950-mechri-simera)

To apBpo €0TAAN OTO NEPIODIKO ANO TOV €K TWV GUYYPAPEWV
Iwavvn ZTe@avako Pe To akOAouBo onueinpa:

«Zag OTéEAVw napakdTw Tov OUVOEOHO Hid Npoo(paTng
dnuoaiguong aTov I0TOTONO ypodomes, TNV onoia €Tolacaye
pe Tov KwoTa NIknTOnouAo kai Je TNV NOAUTIUN BonBeia Tng
avadegiyiag pou Iwavvag Ap., yia Tnv ioTopia Twv YHE Tng
AEH, ano Tnv enoxn kupiwg Tou KMY, Tng AMKY, Tng AAYE
MEXP!I kal Tnv AYHM. KaAo didBacua Aoindv kal OPopQEG
avapvnoeig yia Toug naiaioug AEHTZAdeG. .. »

TA NEA THZ EEEEI'M - Ap. 163 - MAIOZ 2022
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The Safest Dam

Michael A. Stevens
Consultant, Boulder, CO E-mail: MStevensRivers@cs.com

Jack Linard
Jack Linard Consulting, Inc., St-Bruno, Quebec, Canada, E-
mail: jack-linard@msn.com

Historical dam failures and associated failure modes are well
documented (for example, International Commission on
Large Dams 1973, Jansen 1980, Leonards 1987). The princi-
pal causes of failure are undetected foundation deficiencies
and underestimated spillway floods (ASCE Task Committee
1988). The U.S. Bureau of Reclamation (Water and Power
Resource Services 1980) has compiled an extensive list of
failure modes to assist those charged with assessing the
safety of existing dams. “... There are too many failures in
dam engineering” (Leonards 1985).

Conventionally, the selection of the dam type for a given site
has been based on the determination of the least expensive
dam compatible with site conditions and the proposed ser-
vice. Safety is achieved by meeting established design crite-
ria, which relies on high values of safety factors to compen-
sate for uncertainties in dam and foundation material prop-
erties, and in both the magnitudes and the probability of oc-
currence of the applied loads. Examples of loading uncertain-
ties are the Probable Maximum Flood (PMF) and the maxi-
mum credible earthquake (MCE). Wieland (1999) suggests
that the error in estimates of design earthquakes can be 30%
or more.

Consider the selection of the Safest Dam to be a conceptual
exercise, based on the assumption that adequate foundation
conditions can be excavated at an acceptable cost. If this is
not possible, it may be that no alternative can be considered
truly safe, as is highlighted by Addison (1959, p. 128): “As
for the Board’s [of Consultants] report on the Sadd el Aali
project [Aswan] presented to the Egyptian Government in
November, 1954, it was restrained in tone. Its essence was
contained in the sentence: ‘A rockfill dam equipped with a
clay core, upstream blanket and grout cutoff, with dimen-
sions proposed by the Consultants, is as safe as the safest
among earth and rockfill dams resting on sediments...” ”

Simple guidelines for determining the Safest Dam are pro-
posed. First, when given a choice, pick the solution that is
safest. Second, there should be no significant cost penalty for
the choice. If the cost of the Safest Dam is greater than that
of the best alternative, the difference can be considered the
“cost of safety.”

Floods

In 1988, the ASCE Task Committee on spillway design flood
selection reported that in 1984, some 2,900 nonfederal
United States dams had been declared unsafe, with 2,350 of
them identified as having inadequate spillway capacities.
Clearly, a reassessment of spillway design floods was in or-
der. The approach adopted was designed for safe passage of
the PMF for important dams. For dams in America, the Task
Committee recommend use of the American Nuclear Soci-
ety’s standard (1981) for establishing the magnitude of the
PMF.

Determination of the PMF is a complex task, often compro-
mised by approximations, estimates, and guesses. There is
still no certain procedure to permit the upper-limit flood peak
to be estimated with confidence. After only a few decades of
designing dams for the PMF, changes are being made—some
PMFs are being decreased; others are being made larger (for
example, Back 1990a).
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PMFs will be influenced by climate change, but in a manner
difficult to estimate. The affects of climate changes from
greenhouse gases have been continually revised, toward
more severe consequences, which may well have an impact
on the safety of existing dams and on design parameters for
future works; consequences that may soon be felt for dams.

The upper-limit inflow flood (i.e., the true PMF) to a reservoir
is the estimated PMF (however established) plus the error in
the estimate. Despite the fact that this error is presently in-
determinate, it must be considered in the design of any dam
claiming to be the “'safest.”

Sediment

For design of the Safest Dam, it is assumed that the reservoir
ultimately fills with sediment up to the ungated spillway
crest, and this is considered to be a part of the normal loading
condition.

The Dam

The Safest Dam is a symmetrical trapezoidal-section concrete
structure, with upstream and downstream slopes selected to
eliminate the need for forming of the faces. Features of con-
ventional gravity dams not considered essential from a long-
term safety viewpoint are eliminated in order to minimize
cost.

Fig. 1 illustrates the dam, whose layout essentially was fore-
seen by Raphael (1970) and adapted to incorporate roller-
compacted-concrete (RCC) construction techniques by
Schrader (1977). Londe and Lino (1992) proposed the adop-
tion of symmetrical section RCC dams for weak foundation
conditions, particularly in areas subject to strong earthquake
ground motions. Londe and Lino suggested the name “hard-
fill"” for their weak-mix RCC.

Fig. 1. Safest dam

Back (1990b) introduced the concept of and proposed criteria
for the “Ultimate Dam.” The Safest Dam complies fully with
seven of Back’s ten criteria.

As far as the dam itself is concerned, we extend the work of
Londe and Lino by proposing that a modified symmetrical
RCC dam would be the safest option for a wide range of foun-
dation and abutment conditions as well as being highly com-
petitive from a const viewpoint.

The following design considerations concerning the structural
performance of the dam are important.

Foundations. The ideal foundation is fresh, uniform, reason-
ably strong, non-erodible rock with a high modulus of defor-
mation.
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Loads. Except as modified herein, load combinations for de-
sign of the Safest Dam follow standard gravity dam design
practice for example, U.S. Army Corps of Engineers 1995).
The factors relating the upper-limit flood and earthquake to
the PMF and MCE are at the discretion of the designer.

Uplift. Given that many foundation drains tend to clog or
close up and may not be properly maintained. All drainage
works—holes, galleries, and discharge facilities—are elimi-
nated. Since no positive drainage system is provided and no
reduction in uplift is allowed, the use of any upstream sealing
membrane is unnecessary. Uplift at the foundation and within
the dam body is thus considered to vary linearly from hydro-
static pressure due to water at dam crest or maximum flood
level to the applicable tailwater pressure for all loading con-
ditions.

Stability. Because of its increased mass and more uniform
load distribution on the foundation, combined with the water
and silt loads on the upstream face, the symmetrical section
is always more stable and less highly stressed than the con-
ventional gravity dam section for the same load condition.

Concrete. As high strength is not required for the Safest
Dam, the RCC would typically have a low content of cementi-
tious material (about 50 kg/m?3 for dams up to 100-m high),
with nonplastic fines used as a filler to provide adequate
paste content. Aggregates would be the most convenient lo-
cally available gravels or processed rock.

The resulting concrete is low-modulus, high-creep material
with high tensile strain capacity (Schrader 1993) and com-
pressive strength of 7 to 10 MPa at 1 year. A dam constructed
of this material is sufficiently deformable to avoid cracking
under most loading conditions, including thermalSstress de-
velopment.

For most aggregates, an unformed, uncompacted face is sta-
ble during construction if the slope is 0.8H:1V or slightly
greater. Maximum economy, with no diminution in safety, is
achieved if both the upstream and downstream faces are con-
structed in this manner. The crest width is the minimum re-
quired for construction convenience.

Galleries. The elimination of galleries is considered to be
particularly beneficial from a safety viewpoint, since they can
be used for sabotage and constitute a zone of weakness in
an area potentially subject to tensile stress under seismic
loading. In addition, by their very location, galleries tend to
promote seepage.

Seepage. Where necessary, a conventional grout curtain is
provided to minimize seepage around the dam via the foun-
dation and abutments. Within the embankment, the perme-
ability of the RCC horizontal joints without bedding mix has
an important influence on total seepage through the struc-
ture. This factor has no structural significance and almost in-
variably decreases with time (Schrader 1992).

Instrumentation. Logically, no instrumentation (apart from
downstream seepage monitoring) is required for this dam be-
cause of its simplicity, deformability, low foundation and in-
ternal stresses, low-cement content and acceptance of full
uplift pressure.

Spillways

Gated spillways are incompatible with the concept of the Saf-
est Dam for which the outflow from the reservoir must never
exceed the inflow. An ungated spillway eliminates any possi-
bility of operator error and is unaffected by the massive
amounts of debris commonly accompanying high inflows.

To incorporate an ungated spillway with no significant cost
penalty, it will normally be necessary to allow flood dis-
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charges to pass over the entire length of the dam crest with
abutment protection provided as required. Because of its
symmetrical cross section, the Safest Dam can more safely
accommodate overtopping than a conventional gravity sec-
tion.

There are numerous options available to the designer. In
many cases, a central service spillway (with capacity equal
to say the 500-year flood outflow) and the rest of the crest
serving as an auxiliary spillway, will be preferred. In other
cases, the entire crest may function as the service spillway.
Fig. 1 shows an isometric view of a spillway arrangement
compatible with the Safest Dam concept.

Energy Dissipation

An RCC-lined stilling pool or similar type of energy dissipator
is incorporated to reduce the velocity of the spillway flow
from chute to river speed before it reaches the natural river
downstream. The dissipator is an integral part of the dam.

Abutment Protection

Abutment protection is provided by extending the dam RCC
beyond the toe as required and by normal geotechnical rock
reinforcement measures.

Freeboard and Waves

No provision is made for freeboard for the Safest Dam, the
dam crest being set at the higher spillway crest. Wind- or
earthquake generated waves can overtop the dam crest with-
out structural consequence.

Roads and Access

A dam designed with emphasis on safety should not be used
for road access. With discharge of excess inflows being
passed across the entire dam crest operating as an ungated
spillway, no bridge is required for operation or maintenance
and none should be provided for any other purpose.

Outlet Works

For any RCC dam, regardless of cross section, it is preferable
that the outlet works are not incorporated in the body of the
dam since they interfere with the rapid placement of RCC and
are also a potential source of seepage.

Accessible conduits can and have been loaded with explo-
sives to destroy dams (for example, Jansen 1980). For this
reason, the outlet works for the Safest Dam ideally consist of
steel-lined conduits through one abutment.

Reservoir Evacuation Works

From the point of view of safety, there is no requirement for
reservoir evacuation works to empty the reservoir behind the
Safest Dam.

Inspection and Maintenance

Maintenance requirements for the Safest Dam are minimal.
This is very important, particularly in places where mainte-
nance funding is limited and maintenance is often deferred
or even neglected. Outlet works, gates, and valves are the
only mechanical installations. There are few complex features
to understand and repair. Monitoring systems are not essen-
tial.

Cost and Schedule
Typically, the overall average unit price of all concrete in a

dam, built predominantly of conventional low-cementitious
content RCC and having a volume of the order of 500,000 m3
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is in the $35 to $40/m? range. The comparable cost range for
a high-cementitious material RCC is $45 to $50/m> (E.
Schrader, personal communication, June 1995). These prices
include the cost of forms, upstream waterproofing, bedding,
and facing mixes, galleries, internal drains, transverse joints,
and all conventional concrete. By eliminating all of these fea-
tures (except spillway crest concrete), reducing the cementi-
tious material by roughly 50%, minimizing RCC placement
obstructions, accepting lower-quality aggregate, and mini-
mizing the percentage of conventional concrete in the struc-
ture, it is not unreasonable to assume that the unit cost for
the proposed mix will be in the range of $20 to $25/m3.

For a 100-m high dam with a 5-m crest width, the volume
ratio for the symmetrical section to the standard gravity sec-
tion is 1.9:1, indicating that the cost of the symmetrical sec-
tion is, for all practical purposes, equal to that of the gravity
section for the same height.

Other cost reductions result from the elimination of internal
access ways, drilled drain holes in the foundation, permanent
abutment adits, and mechanical drainage facilities in the
dam, as well as reduced instrumentation requirements and
recurrent operation and maintenance costs. Based on these
considerations, the total cost of the Safest Dam itself may
well be lower than that of a conventional section RCC gravity
dam.

Typically, the length of diversion conduits for the Safest Dam
is increased by approximately 20% due to the longer foot-
print of the Safest Dam. Constructing outlet works outside
the body of the dam likely produces a significant cost penalty.
Spillway costs are essentially equal for both dam types.

Other Considerations
Two additional considerations should be mentioned.
Power Outlets

In the case of a powerhouse at the toe of the dam, it is often
not economically feasible to avoid incorporating the intake in
the body of the dam. Disruption to RCC placement can be
minimized by bringing the power conduits through the dam
horizontally in the intake block and continuing them down the
face to the powerhouse. This approach has been adopted for
two recent 100-m high RCC dams in Indonesia (Day et al.
1999).

Sediment Flushing Works

If sediment-flushing facilities are adopted, the most efficient
arrangement incorporates conduits through the base of the
dam.

Conclusions

Taking into account increased public preoccupation with dam
safety issues and the uncertainty in determination of extreme
loading conditions (particularly in developing countries), a
modified dam type, designated as the Safest Dam, is postu-
lated.

The Safest Dam is a low-strength, symmetrical section RCC
embankment constructed on any rock foundation that is con-
sidered acceptable for a conventional gravity dam of the
same height. The ungated spillway, occupying the entire dam
crest length, discharges along the downstream face of the
dam into a preformed concrete-lined energy dissipator. The
dominant feature of the Safest Dam is simplicity.

The Safest Dam:

e Satisfies conventional stability requirements, without re-
liance on elements of uncertain long-term reliability—spe-
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cifically, foundation and internal drainage and water-
proofing facilities.

e Safely passes the upper-limit inflow design flood without
the outflow peak ever exceeding the inflow peak under
any circumstances.

e Loads its foundation in compression over the entire con-
tact area and the maximum principal stress within the
dam is compressive under all normal and unusual load
combinations.
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BC'’s Historic Landslides — What They Are and
How We Manage Them

Sign at a historic slide area, in the Cariboo.

BC’s historic landslides are large-scale tracts of land that
move over time, impacting communities, roads and bridges.

They may “creep” as slowly as a few millimetres a day or
year. Then, they can “reawaken” and move downward more
rapidly and dramatically, like areas in the Cariboo - burying
or washing out roads, at times cutting off communities.

What can’t be seen below the ground, is what’s at play. Ge-
ologic materials such as clay, silt, sand, gravel and even rock
can collapse due to changes in groundwater.

The movement over time of these slides is what distinguishes
them from more “typical” short-term, instantaneous slide
events like debris flows, or rock falls, which typically occur
due to rain events, freeze-thaw cycles or warming tempera-
tures. (Though both water and temperature can re-awaken a
historic slide.)

Historic slides can be massive, complex and extremely chal-
lenging and expensive to manage and stabilize. For example,
Ten-Mile Slide northeast of Lillooet is 200 metres wide at
Highway 99 and 300 metres long. About 750,000 cubic me-
tres in size, it’s part of a large inactive “tunnel earthflow.”

What to Do with Historic Slides?

Historic slides can have a major impact on the people who
live and travel an area. So, what can be done to manage
these situations?

When it comes to solutions for highways, roads and bridges
that have been affected, we look at numerous factors like
engineeering, construction, environment, community and In-
digenous considerations to ensure that our transportation in-
frastructure is safe and reliable for motorists.

Generally, we have three approaches:

e Monitor and make improvements, while inspecting regu-
larly to assess changes, patterns and hazard levels, and
conducting maintenance as required.

e Local realignment, or simple stabilization methods such
as removing water from the slide, taking away some ma-
terials (e.g. rock, sand, clay) from the slide’s “crest”
(highest point) to reduce the slide’s driving force, or plac-
ing reinforcing materials at the slide’s “toe” (bottom area)
to resist the slide’s force.

e Provide permanent alternative access, or stabilize the
slide with a structural solution which may include retain-
ing walls and/or soil anchors.
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Each slide is different, each scenario is different. West Fraser
Road, south of Quesnel, which washed out in five places in
2018, is one area where moving the road to a more stable
area was the best option. Construction work began in 2021,
on a new bridge and a 5.6-kilometre stretch of road.

How decisions are reached is also complex, and multiple as-
pects are examined for each situation, including economic
activity, travel time, community connectivity, environmental
impacts and costs (to name only a few). We have identified
some below:

,/I‘] Economic (1) Customer f@ Social &
[ID[[ Development &3 Service K.,/‘J Community

Recognizing the impacts of changing weather patterns, we
have continued to evolve our strategy. Our design engineers
and consultants are considering how future climate events
will affect infrastructure and what can be done to make our
roads and bridges more resilient, so they remain reliable and
open.

Some works include upsizing culverts, building bridges where
culverts are no longer suitable, redesigning drainage chan-
nels for future flow and armouring of water channels. This
approach considers climate adaptation is over the life of our
infrastructure. Additionally, we’re incorporating design stabi-
lization approaches that are more resilient to the impacts of
climate change.

Following are a few case studies of how we’ve handled his-
toric slides.

Cariboo Road Recovery - Works, Assessment in Pro-
gress

ma @
et
‘QUESNEL
HORSEFLY
WILLIAMS LAKE
ALEXIS CREEK Hwy 20 at Hodgson/
Dog Creek Rd o

Cariboo Road Recovery Projects where historic slides have
reactivated.

Changing weather patterns have reactivated historic slides
with dramatic results, from Williams Lake to just north of
Quesnel. Recent higher-precipitation spring and summer sea-
sons have combined with spring snow melt. Major wildfires in
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the area have damaged vegetation, making it less effective
at absorbing moisture and holding soil together. The resulting
additional water in the ground contributed to unprecedented
slides and road washouts in 2020 and 2021.

Recovery projects are being undertaken to address major
transportation impacts at 10 locations, some of which have
more than one slide area. Preliminary road options are being
considered for all 10 sites. Community engagement is ongo-
ing with information available about each site’s characteris-
tics, preliminary road options, plans and processes, and a
presentation captured on video. Resident feedback is being
sought to identify local considerations, as we evaluate vari-
ous possibilities. Further investigations, feedback and other
considerations will all play a role as we move toward a long-
term solution.

Hwy 97 at Cuisson Creek

Option 1 (Existing alignment)
=== Option 2
«= Option 3

== Option 4
Area of landslide
Railway

Preliminary road options being considered along Highway
97, at Cuisson Creek, where there are five slides (shown in
peach).

Work underway in these areas involves conceptual design for
repairs and alternate alignments, geotechnical and hydro-
technical investigations, and climate-resilience and environ-
mental reviews. Geotechnical monitoring includes electronic
remote sensing and evaluation of the slide area, monthly aer-
ial LiDAR (laser scan) surveys, slope monitoring and subsur-
face investigation.

Among the 10 Cariboo sites, is the historic Highway 97 at
Cottonwood Hill slide which reawakened in 2020. Although
the slide remains active with ongoing monitoring, travel
through the area is safe.

Geotechnical investigation at Quesnel-Hydraulic Road, in
December 2021.

B "‘5;| i 'l.xl R
Section of Quesnel-Hydraulic Road buried by slide.

When Kersley Dale Landing Road was found to be unsafe due
to ongoing slide movement, five households with no other
way to access their properties, had to be evacuated. A tem-
porary access road was built, and residents returned home in
late 2021. Options, including road relocation, are being con-
sidered.

Distortion caused by Cottonwood Slide

Another area, Quesnel-Hydraulic Road, was closed after mul-
tiple historic landslides reactivated there during the 2020
spring freshet. Unstable slopes, and continuing erosion at the
Fraser River, make the affected segment unsafe for public
use. French Road serves as an alternate route.
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During construction of the temporary access route for Kers-
ley Dale Landing Road residents.

Ten Mile Slide - Soil Anchor Stabilization
Ten Mile Slide, located within the Xaxli’p First Nation commu-

nity, northeast of Lillooet on Highway 99, is a highly dynamic
slide. It has been described as ancient, and since 1988, the
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slide’s average movement has ranged from 10 millimetres a
day to up to 50 millimetres a day.

For a few years, slide activity required the stretch to be lim-
ited to 24/7 single-lane alternating traffic, commercial vehi-
cle load restrictions were required, and considerable road
maintenance was needed.

This portion of Highway 99 is the primary connector between
Lillooet, Xaxli'p and Kamloops, and vital to local communities
and the regional economy. The Ministry of Transportation and
Infrastructure and Xaxli’‘p worked collaboratively over time to
reach a long-term solution to the slide’s ongoing movement,
and engineering consultants and construction contactors per-
formed extensive analysis and extraordinary works.

HIGHWAY 99 — TEN MILE SLIDE
3D OVERVIEW

Image from ministry open house display boards

In October 2021, structural stabilization concluded. The final
solution was 276 soil anchors installed through individual 2.5
metre square concrete blocks above Highway 99. Below the
highway, there is a tied back concrete pile retaining wall com-
posed of 148 large-diameter piles with 125 tie-back anchors
(closeup photos here). Geotechnical Engineer Tom Kneale
describes the lower structure, “Like a whole bunch of football
players standing at the bottom of the hill, holding the slide
back.”

Structural stabilization at Ten-Mile Slide

This section of highway was also re-aligned and restored to
two lanes. In the short-term, the road remains a gravel sur-
face until the site settles, which is anticipated to be in late
2023.

Seeking Solutions in Shifting Circumstances

Managing historic slides takes a great deal of analysis to as-
sess the slide’s behaviour and then, with expert information
and community input, to choose the best option. Like the
slide and the earth itself, things shift and change, just as our
climate is changing. Our commitment is to keep you moving
safely through it all.
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We hope you've found this explanation of historic slides, their
impacts and how we manage them, to be informative and
interesting. For other geotechnical topics see these blogs:

e Dig into the Work of a Geotechnical Engineer

e What Happens After a Rock Hits a BC Highway

e Our Geoscientists Dig Deep to Keep BC Highways Moving
Safely

e What Happens After a Washout Hits a Highway

e Three Ways We are Working to Protect BC Highways from
Climate Change

Thanks to BCG Engineering, whose project summary we drew
on, for the section on Ten-Mile Slide.

(TranBC, 3 May 2022,
https://www.tranbc.ca/2022/05/03/bcs-historic-landslides-

what-they-are-and-how-we-manage-them)
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Bio-inspired geotechnical engineering: princi-
ples, current work, opportunities and chal-
lenges

Alejandro Martinez, Jason Dejong, Idil Akin, Ali Aleali,
Chloe Arson, Jared Atkinson, Paola Bandini, Tugce
Baser, Rodrigo Borela, Ross Boulanger, Matthew Bur-
rall, Yuyan Chen, Clint Collins, Douglas Cortes, Sheng
Dai, Theodore DeJong, Emanuela Del Dottore, Kelly
Dorgan, Richard Fragaszy, J. David Frost, Robert Full,
Majid Ghayoomi, Daniel I. Goldman, Nicholas Gravish,
Ivan L. Guzman, James Hambleton, Elliot Hawkes, Mi-
chael Helms, David Hu, Lin Huang, Sichuan Huang,
Christopher Hunt, Duncan Irschick, Hai Thomas Lin,
Bret Lingwall, Alen Marr, Barbara Mazzolai, Benjamin
McInroe, Tejas Murthy, Kyle O'Hara, Marianne Porter,
Salah Sadek, Marcelo Sanchez, Carlos Santamarina,
Lisheng Shao, James Sharp, Hannah Stuart, Hans
Henning Stutz, Adam Summers, Julian Tao, Michael
Tolley, Laura Treers, Kurtis Turnbull, Rogelio Valdes,
Leon van Paassen, Gioacchino Viggiani, Daniel Wil-
son, Wei Wu, Xiong Yu, Junxing Zheng

Abstract

A broad diversity of biological organisms and systems inter-
act with soil in ways that facilitate their growth and survival.
These interactions are made possible by strategies that ena-
ble organisms to accomplish functions that can be analogous
to those required in geotechnical engineering systems. Ex-
amples include anchorage in soft and weak ground, penetra-
tion into hard and stiff subsurface materials and movement
in loose sand. Since the biological strategies have been ‘vet-
ted’ by the process of natural selection, and the functions
they accomplish are governed by the same physical laws in
both the natural and engineered environments, they repre-
sent a unique source of principles and design ideas for ad-
dressing geotechnical challenges. Prior to implementation as
engineering solutions, however, the differences in spatial and
temporal scales and material properties between the biolog-
ical environment and engineered system must be addressed.
Current bio-inspired geotechnics research is addressing top-
ics such as soil excavation and penetration, soil-structure in-
terface shearing, load transfer between foundation and an-
chorage elements and soils, and mass and thermal transport,
having gained inspiration from organisms such as worms,
clams, ants, termites, fish, snakes and plant roots. This work
highlights the potential benefits to both geotechnical engi-
neering through new or improved solutions and biology
through understanding of mechanisms as a result of cross-
disciplinary interactions and collaborations.

Published Online: Géotechnique, May 27, 2021, Volume
72 Issue 8, August, 2022, pp. 687-705,
https://www.icevirtualli-
brary.com/doi/full/10.1680/jgeot.20.P.170
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Instantaneous tracking of earthquake growth
with elastogravity signals

Andrea Licciardi, Quentin Bletery, Bertrand Rouet-
Leduc, Jean-Paul Ampuero & Kévin Juhel

Abstract

Rapid and reliable estimation of large earthquake magnitude
(above 8) is key to mitigating the risks associated with strong
shaking and tsunamis!. Standard early warning systems
based on seismic waves fail to rapidly estimate the size of
such large earthquakes?345, Geodesy-based approaches
provide better estimations, but are also subject to large un-
certainties and latency associated with the slowness of seis-
mic waves. Recently discovered speed-of-light prompt elas-
togravity signals (PEGS) have raised hopes that these limita-
tions may be overcome®Z, but have not been tested for op-
erational early warning. Here we show that PEGS can be used
in real time to track earthquake growth instantaneously after
the event reaches a certain magnitude. We develop a deep
learning model that leverages the information carried by
PEGS recorded by regional broadband seismometers in Japan
before the arrival of seismic waves. After training on a data-
base of synthetic waveforms augmented with empirical noise,
we show that the algorithm can instantaneously track an
earthquake source time function on real data. Our model un-
locks ‘true real-time’ access to the rupture evolution of large
earthquakes using a portion of seismograms that is routinely
treated as noise, and can be immediately transformative for
tsunami early warning.

Main

The sudden displacement of rock mass induced by an earth-
quake generates density variations that, in turn, modify the
Earth’s gravity field. The signal associated with these transi-
ent gravity perturbations propagates at the speed of light,
much faster than the fastest elastic waves (P-waves) &210,
Recent theoretical studies have shown the potential for
earthquake early warning systems (EEWS) that are based on
the gravity signals that would be measured by a future gen-
eration of gravity-gradient sensors2, yet to be developed.
In practice, existing inertial sensors (for example, seismome-
ters) measure a combination of the direct gravity perturba-
tions and their induced elastic response, named prompt elas-
togravity signals (PEGS)314, PEGS detection on real data is
difficult for two reasons. First, the amplitude of the direct
gravity perturbations is very small. Second, the induced elas-
tic response tends to cancel out the gravity effects on seis-
mometer recordings, especially in the early portion of the sig-
nal. The combination of these effects results in detectability
limited to a time window preceding the P-wave arrival, which
depends on epicentral distance (between a few seconds to a
few tens of seconds), where PEGS reach their maximum am-
plitudes (a few nm s~2 at most)*1>, Nevertheless, PEGS could
prove beneficial for EEWS. First, they travel at the speed of
light and might provide extra time for alert. Second, PEGS do
not saturate, as opposed to P-waves recorded by near-field
seismometers that may clip during large earthquakes. Fi-
nally, given the wavelength of the signal and the smoothness
of the generated wavefield, the spatial complexity of the
rupture does not substantially affect PEGS amplitudes!®. For
this reason, PEGS dependence on earthquake magnitude, fo-
cal mechanism and source time function (STF) has the po-
tential to improve early characterization of earthquake size
and source parameters, under a simple point-source approx-
imation>1, In this work we show that PEGS can efficiently
be used to improve operational EEWS.

Given the expected level of background noise, previous works
have suggested a limit for PEGS detectability to earthquakes
with magnitude (Mw) above 8 (refs.1>1€), The occurrence of
M. > 8 earthquakes poses a difficult challenge for conven-
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tional EEWS. On the one hand, subduction megathrust earth-
quakes require accurate and fast estimates of final magni-
tude to mitigate the risk associated with strong shaking and
to forecast the potential size of tsunami wavesiZ1812, On the
other hand, EEWS based on point-source algorithms that rely
on the first few seconds of P-waves tend to produce saturated
magnitude estimation for such large earthquakes. One rea-
son is that instruments saturate for very large events. An-
other more fundamental reason is that the early portion of
seismograms simply does not contain enough information to
distinguish between small and large earthquakes (which have
longer duration) at the very early stage of rupture®. An ex-
ample of this paradigm is the performance of the EEWS of
the Japan Meteorological Agency (JMA) during the 2011
Mw = 9.0 Tohoku-Oki earthquake, which underestimated the
final My of the event to around 8.1 (ref. 2%). Although the de-
terministic nature of earthquake rupture is still debated, a
growing amount of evidence suggests that earthquake rup-
tures are not deterministic?l. Therefore, EEWS should be de-
signed to track the moment release as the rupture unfolds
instead of forecast the final earthquake magnitude322, Over
the last decade, finite-fault EEWS based on global navigation
satellite system (GNSS) data have emerged as a new tool
with which to overcome the magnitude saturation prob-
lem23:24:25.26,:27.28 Nevertheless, subjective choices required in
GNSS data selection and/or preprocessing?#2> may result in
large uncertainties. Moreover, the fast responses achieved
for megathrust earthquakes2® have recently been questioned
and attributed not to the predictive power of GNSS data—
which would enable the estimation of an earthquake’s final
magnitude before the rupture is over—but to prior con-
straints and regularization-induced artefacts?2. A deep learn-
ing model based on GNNS data has recently been proposed
to overcome these limitations2®. Although it proved promis-
ing, as for other finite-fault approaches, it requires a priori
assumptions on slip distribution. Finally, all existing EEWS
suffer from unavoidable latency, owing to the speed at which
the information is carried by P-waves, and therefore produce
a time-shifted version of the earthquake STF.

In this context, we show that a convolutional neural network
(CNN)3? approach can leverage the information carried by
PEGS at the speed of light to overcome these limitations for
large earthquakes. Successful applications of deep learning
in seismology have provided new tools for pushing the detec-
tion limit of small seismic signals332 and for the characteri-
zation of earthquake source parameters (magnitude and lo-
cation)333435 with EEWS applications223¢37, Here we present
a deep learning model, PEGSNet, trained to estimate earth-
quake location and track the time-dependent magnitude,
Mu(t), from PEGS data before P-wave arrivals.

Implications for early warning

We have demonstrated instantaneous tracking of moment re-
lease for large earthquakes (Fig. 3). Our results promote
PEGS as a new class of observables, easily accessible from
the recordings of currently deployed broadband seismome-
ters worldwide, for practical application in early warning sys-
tems that are currently limited by the speed of P-waves. In
the context of EEWS, PEGSNet can complement any existing
algorithm (either seismic- or GNSS-based), to improve My
latency estimation and accuracy for M > 8.3 megathrust
earthquakes. For example, PEGSNet could be combined with
a recent deep learning model based on GNSS dataZ to elim-
inate intrinsic latency due to P-wave speed.

At the same time, PEGSNet can immediately prove critical for
tsunami early warning for which My estimation within a few
minutes is vital. Continuous updates of current My can be fed
to predictive models of tsunami waves height, helping miti-
gate the associated risk.
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Fig. 3: Moment tracking of the 2011 M, 9.0 Tohoku-
Oki earthquake.
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a, Comparison of PEGSNet Mu(t) predictions (blue) with the
source time function (STF) of the Tohoku-Oki earthquake®®
(orange) and with the results of three existing EEWS
(JMAZ, FinDer2% and BEFORES?%). Dashed orange lines in-
dicate £0.3 magnitude units. b, Difference between the
predicted My of various algorithms (PEGSNet in blue) and
the ‘true’ STF as shown in a. The solid orange line indicates
a difference of zero, the dashed orange line a difference of

—0.3 Mw units (underestimation).

Our results suggest that PEGS can play a key part in the early
characterization of rupture evolution for large earthquakes.
For such events, PEGS data represent a new and independent
source of information to constrain the magnitude in real time.

PEGSNet requires only a few modifications to be implemented
in real time. Once trained, PEGSNet predictions are quasi-
instantaneous, although some latency could be introduced by
the preprocessing step. Although tailored here to earth-
quakes from the Japanese subduction zone, PEGSNet can be
easily adapted to other seismic networks and regions and
source mechanisms. In particular, PEGSNet portability to
other regions only requires the availability of noise recordings
for the seismic network of interest.

Nature volume 606, pages 319-324 (2022),
https://www.nature.com/articles/s41586-022-04672-7
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Time Capsule Tng ISSMGE

& FTEQTEXNIKHZ
MHXANIKHX

Ta nepiexopeva Tou Time Capsule Tng ISSMGE cival dia6£aiua
gTov I0TOTONO ™gG: (https://www.issmge.org/the-
society/time-capsule) oe Tpia pépn, A, B, C. =10 Part A Ba
BpeiTe TN ouppeToxn TG EEEEMM anod Tov =nUpo KaBouvidn
(http://www.hssmge.gr/2022 2 HELLENIC-SSMGE-
CAVOUNIDIS.pdf) kai oto Part C Tn BIvTeooKOMNUEVN
ouvedpia yia To Time Capsule Project oTo Sydney, nou apxilel
ME €va enayyeANATIKO BivTEO PE NOAAEC pwTOYpaAPieg anod Tn
OUMMETOXN Mg EEEEMM. Ano TO BivTeo
(https://www.issmge.org/news/sydney-launch-of-the-
issmge-time-capsule) ouvioT®w €niong TNV napouciacn Tou
Harry Poulos (8:18-19:29).

Mapiva MavTalidou
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https://www.issmge.org/news/issmge-news-and-infor-
mation-circular-May-2022

1. ISSMGE COUNCIL MEETING SUNDAY 15T MAY 2022

At the Council Meeting in Sydney, Dr Marc Ballouz was
elected as the next President of ISSMGE for the period 2022
- 2026. The Vice-Presidents will be:

Africa - Professor Marawan Shahien

Asia - Professor Keh-Jian Shou
Australasia- Mr Graham Scholey

Europe - Professor Lyesse Laloui

North America - Professor Walter Paniagua
South America - Professor André Assis
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Other key points from the Council Meeting are:
e The next quadrennial international conference (21 IC-
MSGE) will be held in Vienna, Austria 28 June 3 July 2026.

e The next Council Meeting will be in Nur-Sultan, Kazakh-
stan, 14-18 August 2023, on occasion of the XVII Asian
Regional Conference.

2. ISSMGE TIME CAPSULE 2022 LAUNCHED IN SYD-
NEY

Watch the 60 minute video of the plenary session at the 20th
ICSMGE conference (1-5 May 2022).

https://www.issmge.org/the-society/time-capsule/part-c

3. NEWS FROM TC209 OFFSHORE GEOTECHNICS

ISSMGE Offshore Geotechnics is delighted to announce that
Professor Richard Jardine of Imperial College has been invited
to deliver the 6th McClelland Lecture. Scheduled for Septem-
ber 2023 at the SUT - Society for Underwater Technology's
Offshore Site Investigation and Geotechnics (OSIG) 9th In-
ternational Conference Innovative Geotechnologies for En-
ergy Transition. For more information, please see
https://www.issmge.org/article/announcing-the-6th-mcclel-
land-lecturer-professor-richard-jardine.

4. ISSMGE BULLETIN

The latest edition of the ISSMGE Bulletin (Volume 16, Issue
1, February 2022) is available from the website
https://www.issmge.org/publications/issmge-bulletin/vol16-
issue-1-february-2022

5. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 315t May 2022. Click here for
further information on the ISSMGE Foundation.

6. CONFERENCES

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

Many events have been rescheduled and we update the
Events page whenever we are advised of changes.

The following are events that have been added to the Events
page on the ISSMGE website since the previous Circular:

ONLINE INTERNATIONAL CONFERENCE ON TRANS-
PORTATION GEOTECHNICS - 01-06-2022 - 03-06-
2022 Online, Thiruvananthapuram, India; Language: Eng-
lish; Organiser: LBS Institute of Technology for Women, Thir-
uvananthapuram, India; Contact person: Dr. Jayamohan J
(Member TC 107, ISSMGE); Address: Professor, LBS Institute
of Technology for Women; Phone: +919447017088 Fax:
+914712343395; Email: jayamohanj@Ibsitw.ac.in; Website:
http://Ibt.ac.in/

Fifth Symposium of MAG / Second Conference of Re-
gional Geotechnical Societies / ISRM Specialised Con-
ference - 23-06-2022 - 25-06-2022 Ohrid Lake Riviera,
Hotel Metropol, Macedonia; Languages: English, South-
slavic; Organiser: Macedonian Association for Geotechnics;
Contact person: Assoc. Prof. Igor Peshevski; Address: blvd.
Partizanski odredi No.24; Phone: +389 72 307 567; Fax:
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+389 2 311 88 34; Email: pesevski@gf.ukim.edu.mk; Web-
site: https://mag.net.mk/v-mag-symposium-28-30-5-
2020/; Email: mag@gf.ukim.edu.mk

4TH INTERNATIONAL CONFERENCE ON INFORMATION
TECHNOLOGY IN GEO-ENGINEERING (04 - 05 AUG
2022) - 04-08-2022 Virtual Online Conference, Singapore;
Language: English; Organiser: Geotechnical Society of Sin-
gapore; Website: https://www.4iticg.org/; Email:
sc.chian@nus.edu.sg

5TH CENTRAL ASIAN CONFERENCE ON SOIL MECHAN-
ICS AND GEOTECHNICAL ENGINEERING 05-10-2022 -
07-10-2022 Samarkand, Uzbekistan; Language: English;
Organiser: Uzbekistan Geotechnical Society; Contact person:
Yodgor Obidov; Address: Lolazor street, 73; Phone:
+998904526035; Email: conference.uzgs2022@gmail.com;
Website: http://geotechnics.uz

GEO-EXPO 2022 Scientific and Expert Conference - 21-
10-2022 - 22-10-2022 Hotel Prijedor, Prijedor; Bosnia &
Herzegovina; Languages: Bosnian, Croatian, Serbian, English
Organiser: Geotechnical Society of Bosnia and Herzegovina;
Contact person: Sabrina Salkovi; Address: Urfeta Vejzagia 2;
Phone: +38761451701; Email: eotehnika@geotehnika.ba;
Website: https://www.geotehnika.ba;

UNDERGROUND CONTRUCTION PRAGUE 2023 - 29-05-
2023 - 31-05-2023 Clarion Congress Hotel Prague, Lan-
guage: English; Organiser: The Czech Tunnelling Association
ITA-AITES; Contact person: Czech Tunnelling Association
ITA-AITES; Address: Koeluskd 2450/4; Phone: +420 702
062 610; Email: pruskova@ita-aites.cz; Website:
https://www.ucprague.com/ ; Email: masin@natur.cuni.cz

NUMERICAL METHODS IN GEOTECHNICAL ENGINEER-
ING 2023 - 26-06-2023 - 28-06-2023 Imperial College
London; Language: English; Organiser: Imperial College
London; Contact person: Email: nhumge2023@imperial.ac.uk
Website : http://imperial.ac.uk.

28TH EUROPEAN YOUNG GEOTECHNICAL ENGINEERS
CONFERENCE AND GEOGAMES 04-10-2023 - 07-10-
2023 National Research Moscow State University of Civil En-
gineering, Russia; Language: English; Organiser: Russian
Society for Soil Mechanics, Geotechnics and Foundation En-
gineering; Contact person: PhD Ivan Luzin ; Address: NR
MSUCE, 26 Yaroslavskoye shosse; Phone: +7-495-287-4914
(2384); Email: youngburo@gmail.com; Website:
https://www.eygec28.com/

2ND INTERNATIONAL CONFERENCE ON CONSTRUC-
TION RESOURCES FOR ENVIRONMENTALLY SUSTAIN-
ABLE TECHNOLOGIES - 20-11-2023 - 22-11-2023 Fuku-
oka International Congress Center, Fukuoka, Japan; Lan-
guage: English; Organiser: Kyushu University; Contact Infor-
mation: Secretariat of CREST 2023; Address: Room No.
1124, West Building 2, Kyushu University 744 Motooka, Ni-
shi-ku, Fukuoka, Japan; Phone: +81 092-802-3369;
Email: info@ic-crest.com; Website: https://www.ic-
crest.com/

Dr Marc Ballouz elected as ISSMGE President
2022 - 2026 at the Sydney Council Meeting

At the Council Meeting in Sydney, Dr Marc Ballouz was
elected as the next President of ISSMGE for the period 2022
- 2026. The Vice-Presidents will be:

Africa - Professor Marawan Shahien
Asia - Professor Keh-Jian Shou
Australasia- Mr Graham Scholey
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Europe - Professor Lyesse Laloui
North America - Professor Walter Paniagua
South America - Professor André Assis

Dr Marc Ballouz

Other key points from the Council Meeting are:

The next quadrennial international conference (21 ICMSGE)
will be held in Vienna, Austria 14-19 June 2026.

The next Council Meeting will be in Nur-Sultan, Kazakhstan,
14-18 August 2023, on occasion of the XVII Asian Regional
Conference.

ISSMGE Secretariat / General / ISSMGE Council Meeting,
Sunday 1 May 2022

Fifth TC309/TC304 Student Contest (groundwa-
ter time-series forecasting) in MLRA2021

MLRA2021 groundwater time-series forecasting

Machine learning prediction event for the international con-
ference in "Machine learning & Risk assessment in geoengi-
neering"

The machine learning competition is organized as an event
at the MLRA2021 (Machine Learning and Risk Assessment in
geoengineering) Conference in Wroclaw, Poland, in October
2021 (conference website). The results from the contest are
presented here:

e Organizers: Tom F. Hansen, Bruno Stuyts, Jian Ji &
Zhonggiang Liu

e Award Committee: Tom F. Hansen, Bruno Stuyts, Jian Ji,
Zhonggiang Liu & Jianye Ching

e Contest question:
https://www.kaggle.com/c/mlra2021/overview.

e TC309/TC304 Student Contest 1st Place Award: pdf
e Encouragement awards: pdfl; pdf2

Thanks to all the participants and congratulations to the win-
ners!

Dongming Zhang / TC309 / 03-05-2022

Sydney launch of the ISSMGE Time Capsule

ISSMGE IT Administrator / Time Capsule Project / 12-05-
2022
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Delighted to announce
the start-up of TC222 after the summer holidays

With an increased focus on Building We are looking forward you to join us for
Yfor Modelling (BIM) and Digita vov»«s? op on BIM & w
DT S 2022 dates
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22 member meeting. The workshop
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and Digital T tl ctor,
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topics

Join us for a workshop

Invitation to the first TC222

member meeting in June 2022 © Where: Online event - Teams

We are planning the first team meeting to EENCy s 58 PR St ol R Steres
kick-off the TC222 activities in 2022. As a

first meeting, we will fo through the

terms of reference and discuss future %

Sl [E] Date: 28062022

Agenda

= Welcome to the newest TC in ISSMGE Time: 11.00 - 12.00 (CES

= An introduction to the core members ® me: S1Z00(CESD)

= The Terms of Reference - a brief walkthrough
= Planned activities for 2022

Get in touch with us

Want to join the T(ZZ] member meeting and
nvitation? Send an email

Share among your network!

The TC is & ng more members to
join from nia and the industry

with any
efeu.u\y using

questions regarding CZZL
the online f(mr on the TCw

network and peers!

Mats Kahlstrém / TC222 / 20-05-2022

The 2nd ISSMGE ERTC10 Webinar on "Numerical
Methods in the next generation of Eurocode 7"

The ISSMGE ERTC10 "Evaluation of Eurocode 7", in coopera-
tion with CEN TC250/SC7 (European standardization commit-
tee responsible for EC7) and NEN (Dutch standardization or-
ganization), is organizing its 2nd Webinar related to the on-
going evolution of our main standard covering geotechnical
design. This time the event will be focused on "Numerical
Methods in the next generation of Eurocode 7".

The event will be held online on the 7" of July 2022 at
15:00-17:00 CEST (2h). Participation is free of charge.

The agenda and the team of presenters for this event will
include:

1. Dr Georgios Katsigiannis (ERTC10 Chair, EKFB, UK): In-
troduction

2. Dr Colin Smith (University of Sheffield, UK): The overview
of provisions given in the new code regarding numerical
methods

3. Dr Hoe Yeow (COWI, UK): Application of advanced nu-
merical methods in EC7 framework and presentation of
two design examples of application of numerical methods
in line with EC7

4. Q & A session

For those who might miss the Webinar but would be inter-
ested in the subject, the recording of the presentations and

TA NEA THZ EEEEI'M - Ap. 163 - MAIOZ 2022

the materials will be made available sometime after the
event.

Registration details and more information can be found at
NEN website dedicated to the event:

https://numerical-methods-inthenext-generation-euro-
code?7.nen-evenementen.nl/

Witold Bogusz / ERTC10 / 16-05-2022

Scholarship of Teaching and Learning: Formally
recognized by ASEE

The American Society for Engineering Education (ASEE)
amended its Constitution and added a Vice President for
Scholarship to the Board, as voted by the ASEE Board of Di-
rectors in February 2022 and approved by the members in a
ballot that took place in April-May 2022. According to the text
introducing the ballot to the ASEE members:

"This addition recognizes the importance of scholarly avenues
for our members and enables a strategic emphasis on this
valuable dimension of ASEE activities. The definition of
scholarship has expanded substantially in recent dec-
ades to include not only peer-reviewed publication and
intellectual property but also multimedia or digital
products (video, podcasts, etc.) as well as any future mech-
anisms of information transfer. The Vice President for Schol-
arship would steward ASEE's leadership and growth in engi-
neering education scholarship."

TC306's "Time Capsule" report uses the following definition
for the Scholarship of Teaching by Borrego et al. (2008):
an activity that is public, open to critique and evalua-
tion, and results in products that others can use and
build on (it also involves inquiry and investigation, focusing
particularly on student learning). This enriched version of ed-
ucational activities allows for greater recognition and reward
attached to teaching (see earlier relevant TC306 news item)
by infusing teaching with research practices, thus also paving
the way for peer-critiqued and peer-reviewed educational
materials.

TC306 invites contributions from the wider geotechnical en-
gineering community to help bring this bright future for Edu-
cation sooner for Geotechnical Engineering Education.

Reference

Borrego, M., R.A. Streveler, R.L. Miller and K.A. Smith
(2008). A new paradigm for a new field: Communicating rep-
resentations of engineering education research, J. of Engi-
neering Education, 97:2:147-162.

Marina Pantazidou / TC306 / 26-05-2022
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15th ISRM International Congress 2023, Salzburg - call
for abstracts open until 31 May 2022-05-04

The Austrian Society for Geomechanics is happy to invite you
to the 15th International ISRM Congress in Salzburg, Austria
in October 2023. Salzburg is the city where the ISRM was
founded in 1962, and traditionally research meets industry.
The preparation for the congress is in full swing.

Abstract submission is now open until 31 May 2022. In par-
ticular, we encourage young engineers and scientists to ac-
tively participate and submit papers.

Do you want us to keep you updated? Join the mailing list
here.

If you have questions, ask wus. We are ready
— Www.ISRM2023.com.

If you want to see the venue of the Congress and the
city click here.

Wulf Schubert
President of the Austrian Society for Geomechanics
Chairman of the ISRM Congress 2023

T

h International ISRM Congress 2023

Challenges in Rock Mechanics and Rock Engineering

October 09t - Tath, 2023
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CouFrac 2022: Special Session on Machine Learning for
Coupled Processes in the Earth Sciences and Engineer-
ing 2022-05-10

A Special Session on Machine Learning for Coupled Processes
in the Earth Sciences and Engineering will be Convened by
Mengsu Hu and Laura J. Pyrak-Nolte. Click here to download
the flyer of this Special Session.

CouFrac 2022 is an ISRM sponsored specialized conference,
that will take place in Berkeley, USA, 14-16 November. Click
here to go to the conference website.

2nd European Rock Mechanics Debate - "What model
for what application in rock mechanics" on 9 June
2022-05-11

The title of the debate is "What model for what application in
rock mechanics". It will take place on 9 June, at 15:00 CEST
(13:00 GMT).

The debate will feature the participation of Heinz Konietzky
from Germany and Jonny Sjoberg from Sweden and will be
chaired by Philippe Vaskou from France.

A flyer with the contents and indicative rules of this debate
can be downloaded here. In this flyer you will find the Zoom
link to join the meeting (maximum of 100 participants) and
the ISRM YouTube channel link where it will be broadcast.

Leandro R. Alejano
ISRM VP for Europe

ARMS 12, Hanoi, Vietham - deadline for abstract sub-
mission extended to 10 June 2022-05-12
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The Vietnamese Society for Rock Mechanics (VSRM) invites
you to attend the ISRM Regional Symposium 12th Asian Rock
Mechanics Symposium - ARMS12, to be held on 22-26 No-
vember 2022 in Hanoi, and informs that the deadline for ab-
stract submission for ARMS 12 has been extended to 10 June
2022.

The Symposium topics are:

A: Physical properties of Rocks — Testing Techniques

B: Rock Mechanics & Engineering in Petroleum Engineering
C: Rock Mechanics & Engineering in Civil Engineering and
Mining

D: Rock Mechanics applied to the Protection and Reinforce-
ment of Global Geoparks, Ancient Sites, ...

E: Numerical Methods in Rock Mechanics and Numerical
Modeling

F: Geodynamic Hazards - Reinforcement and Prediction

G: Geo -disaster Prediction and Monitoring System

H: Application AI and IoT in Rock Mechanics and Engineer-
ing

Click here for the conference flyer

Fifth ISRM Young Members’ Seminar (YMS) on 27 May
2022-05-16

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

After four very successful editions, the fifth ISRM Young
Members’ Seminar will take place on 27 May at 6 P.M.
GMT with two speakers, from Canada and USA:

e Directional and 3D-Confinement-Dependent Fracturing,
Strength and Dilation Mobilization in Brittle Rocks - Ma-
soud Rahjoo (AECOM - Canada)

e Stochastic Discrete Element Modeling for Pillar Strength
Determination: a First Step in a Risk-Based Pillar Design
Approach - Juan José Monsalve (Virginia Tech University
- USA)

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

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

Sevda Dehkhoda
Chair of the ISRM Young Members Committee
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Scooped by ITA-AITES #67, 10 May 2022

Chinese young engineers shine in building Malaysia's mega

rail project

Views sought on Stonehenge tunnel carbon claims | UK

Shaoxing Metro Line 1 completed | China

Ruakuri Cave: The underground experience that needs to be
on your bucket list | New Zealand

Bengaluru Metro’s Urja sets single-day tunnelling record | In-
dia

VTA approves design review for BART to San Jose extension
| United States of America

Scarborough Subway Extension tunnel boring machine get-
ting into position to prepare for tunneling | Canada

Shield machine to dig undersea tunnel to discharge ‘treated
water’ has not yet been approved nor has the local govern-

ment | Japan

Live performance marks Tideway's tunnel completion | UK

5 things you (probably) didn't know about Massey Tunnel |
Canada

Scooped by ITA-AITES #68, 24 May 2022

Blue Mountains road tunnel to stretch more than 11 kilome-
tres | Australia

Hampton Roads Bridge Tunnel Expansion: Crews working to
mold 2,400 rings for new tunnels | United States of America

Tunnels could speed mass transit under downtown | United
States of America

Transport for London searching for contractors to take on El-
ephant and Castle Station tunnelling work | UK

Exploring the underground tunnels that help Hong Kong
weather storms | China

Tunnel boring machine completes work for Grand Paris Ex-
press line 17 | France

India is planning to build its first underwater road-cum-rail
tunnels across Brahmaputra | India

China completes construction of 20km Yuelongmen Tunnel

Nominations open for 8th Edition of the ITA Tunnelling
Awards

Breakthrough completes Italian leg of high-speed Brenner
Base Tunnel | Italy-Austria
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HS2 Chiltern Tunnels
A Brief Project Introduction & Progress Update
from Align JV after 1 year of Tunnelling

Speakers:

James Reilly MEng - Senior TBM Engineer (Florence)

Shannon O’Keeffe CEng MICE MIEAust CPEng NER RPEQ -
TBM Manager

Tunnelling on the Central 1 (C1) section of HS2 Phase One
that Align is delivering commenced a year ago on the 7th of
May with the launch of Align’s first TBM Florence. This presen-
tation will give a brief overview of the project and an update
on progress & achievements to-date, including innovations
that have been introduced to expedite progress and enhance
safety performance.

This is an in-person event which can also be streamed online
at: https://youtu.be/H5KbTCgAD6Q.

BRrT;:-c‘N

TUNNELLING
SOCIETY

S

Underground Construction Chemicals used in
Tunnelling and Mining

YOUNG
MEMBERS

Robin Swift - TBM Projects Manager, Normet UK Ltd

Workshop agenda:
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1. Introduction to underground construction practices using
chemical products

2. Networking coffee break

3. Hands-on demonstration of concrete admixtures, con-
struction chemicals and various types of grouting materials
(Polyurethane, acrylic, microfine and TBM annulus grout)
Thursday 19th May 2022 at 15:00 to 17:30 hrs, Institution

of Civil Engineers, One Great George Street, Westminster,
London SW1P 3AA

(G240

GEO-
INSTITUTE

Geo Legends S02 EO3 - Bob Holtz

v W

— S2Ep3

GEO-
LEGENDS

Bob Holtz interviewed by
P Pl ) 000/1:4126

https://www.youtube.com/watch?v=ItbsbwCNQG8

The Geo-Legends series features our most eminent mem-
bers. In episode 3 of season 2, Steve Kramer of the Univer-
sity of Washington interviews Bob Holtz, Professor Emeritus
at the University of Washington. Bob was the 2010 Terzaghi
Lecturer, and was named a Distinguished Member of ASCE in
2007.

He talks about everything from his youth in Arizona and New
Mexico, his time spent overseas, the importance of working
with students, writing his seminal textbook, and a lot more!

Special thanks to Barry Christopher and Paul Mayne.

Music in this episode: Sonic Youth - Sunday. From the 1998
album A Thousand Leaves.

Geo-Institute of ASCE, 10 May 2022

Overview of Revisions to FERC’s Dam Safety
Program

Thanks for joining us for part 1, 2, or 3 (or more than one)
of the Federal Energy Regulatory Commission (FERC) dam
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safety regulation updates. It was great to hear from FERC
staff, then the consultants, and then the dam owners. A re-
minder that you can watch all three of these sessions on our
Youtube channel!

Panel 1: FERC Q&A: https://youtu.be/2BuPf5diAn0

Panel 2: Consultants: https://youtu.be/mlJq99ckREw

Panel 3: Dam Owners: https://youtu.be/ZAe-0R4CBYM

Be sure to check out all the other great stuff we have on
Youtube - GEOSTRATA Extra, Geo-Legends, G-I award lec-
tures, and so much more!

Have a great summer and be sure to stay connected to G-I!

Bradley Keelor
Director, Geo-Institute of ASCE
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Professor Chungsik Yoo Becomes New
President of FedIGS

Dr. Chungsik Yoo was recently elected to a
four year term as the new president of
FedIGS (The international federation of geo-
science societies). He is a professor at
Sungkyunkwan University in Korea and is
president of IGS (International Society of
Geosynthetics, which is one of our three sis-
ter societies in FedIGS.
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ICE Publishing Awards 2022

BpaBeuon apfpwv Tov Navayi®Tn ZiITapéviou,
EuayyeAou Kepevrlerlidn kai Fempyiou KoupeTdn oTo
Géotechnique

George Stephenson Medal - Second best paper overall

Hydro-mechanical analysis of a surficial landslide triggered
by artificial rainfall: the Ruedlingen field experiment Twv
Panagiotis Sitarenios, Francesca Casini, Amin Askarinejad
and Sarah Springman, Géotechnique,
https://doi.org/10.1680/jgeot.18.P.188

Abstract

This paper interprets the hydromechanical behaviour of a
steep, forested, instrumented slope during an artificial rain-
fall event, which triggered a shallow slope failure 15 h after
rainfall initiation. The soil's mechanical response has been
simulated by coupled hydro-mechanical finite-element anal-
yses, using a critical state constitutive model that has been
extended to unsaturated conditions. Failure occurs within a
colluvium shallow soil cover, characterised as a silty sand of
low plasticity. The hydraulic and mechanical parameters are
calibrated, based on an extended set of experimental results,
ranging from water retention curve measurements to triaxial
stress path tests under both saturated and unsaturated con-
ditions. Rainfall is simulated as a water flux at the soil surface
and suitable boundary conditions account for the hydrome-
chanical interaction between the soil cover and the underly-
ing bedrock. The results are compared with field data of the
mechanistic and the hydraulic responses up to failure and are
found to provide a very satisfactory prediction. The study
identifies water exfiltration from bedrock fissures as the main
triggering agent, resulting in increased pore pressures along
the soil-bedrock interface, reduced available shear strength
and cause extensive plastic straining, leading to the for-
mation and propagation of a failure surface.

https://www.icevirtualli-
brary.com/doi/full/10.1680/jgeot.18.P.188 1
https://www.icevirtuallibrary.com/doi/pdf/10.1680/jgeot.18
.P.188?download=true

MavayioTng Zirapéviog School of Energy, Construction and
the Environment, Coventry University, Coventry, UK.

David Hislop Award (also known as the Offshore
award)

Frequency effects in the dynamic lateral stiffness of mono-
piles in sand: insight from field tests and 3D FE modelling,
TwVv Evangelos Kementzetzidis, Andrei V. Metrikine, Willem
G. Versteijlen, Federico Pisano, Géotechnique,
https://doi.org/10.1680/jgeot.19.T1.024

Abstract
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With the offshore wind industry rapidly expanding worldwide,
geotechnical research is being devoted to foundation optimi-
sation — most intensively for large-diameter monopiles. The
analysis and design of monopiles still suffers from significant
uncertainties in relation to cyclic/dynamic loading conditions.
The aim of this work is to shed new light on dynamic soil-
monopile interaction, based on the results of unique full-scale
experiments performed at the Westermeerwind wind park
(Netherlands). The response of a 24 m long, 5m diameter
monopile to harmonic lateral loading of varying amplitude
and frequency is inspected. The analysis of original field
measurements (soil accelerations and pore pressures) ena-
bles the lateral stiffness observed at the monopile head to be
linked to dynamic effects occurring in the surrounding soil.
The interpretation of measured data is supported by three-
dimensional finite-element studies, also looking at the influ-
ence of drainage conditions and monopile size. The set of re-
sults presented supports the need for dynamics-based mono-
pile design, as higher frequencies gain relevance in the most
recent offshore wind developments.

https://www.icevirtualli-
brary.com/doi/full/10.1680/jgeot.19.T1.024 n
https://www.icevirtuallibrary.com/doi/pdf/10.1680/jgeot.19
.T1.024?download=true

EuayyeAog KepevtleTlidng Faculty of Civil Engineering and
Geosciences, Delft University of Technology, Delft, the Neth-
erlands.

Tso Kung Hsieh Award - Paper on Structural Dynam-
ics (nominated by SECED)

Physical modelling of lateral sand—pipe interaction, Twv
Yousef Ansari, George Kouretzis, Scott William Sloan,
Géotechnique, https://doi.org/10.1680/jgeot.18.P.119

Abstract

This paper presents a series of physical modelling tests per-
formed to measure the resistance developing during lateral
dragging of a rigid pipe buried in loose to very dense dry
sand. The experiments were performed in a small-scale pro-
totype developed to model sand-pipe interaction during rel-
ative ground movement episodes while accurately controlling
the density and uniformity of sand around the pipe. Digital
imaging and particle image velocimetry equipment are inte-
grated with the rig, so as to track the evolution of the failure
surface developing in sand with increasing pipe displace-
ments. Auxiliary components of the rig allow investigation of
the effects of pipe kinematic constraints and embedment
method on the results obtained. Accordingly, the measure-
ments obtained with the developed prototype are compared
against results from similar studies, with the intention of
shedding some light on the scatter observed in published
data, and on the provisions from different pipe stress analysis
guidelines. It is shown that current simplified methods may
underestimate the lateral reaction developing on pipes in
very dense sand beds, and analysis models built around
these methods may under-predict pipe strains. To alleviate
this, a modified expression is proposed for estimating the
peak reaction of lateral elastoplastic soil springs, and an up-
per bound of this reaction is provided for design purposes.

https://www.icevirtualli-
brary.com/doi/full/10.1680/jgeot.18.P.119 n
https://www.icevirtuallibrary.com/doi/pdf/10.1680/jgeot.18
.P.119?download=true

rempylog Koupergng Priority Research Centre for Geotech-
nical Science and Engineering, Faculty of Engineering and
Built Environment, The University of Newcastle, Australia.
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https://www.icevirtuallibrary.com/doi/pdf/10.1680/jgeot.18.P.119?download=true
https://www.icevirtuallibrary.com/doi/pdf/10.1680/jgeot.18.P.119?download=true

D

EuvayyeAia Flempyavrlia
Vice Chair of the
ICE NW Graduates and Students committee

I feel honoured to have been selected as Vice Chair of the
ICE NW Graduates and Students committee. Looking forward
to working closely with our Chair Jenna-May Hill & junior Vice
Chair Giuliana Kyerematen to establish a constructive rela-
tionship and share responsibilities. Ready to act as an infor-
mal lightning rod for the board and beyond. Looking forward
to this exciting journey ahead!

Evangelia Georgantzia, 23.05.2022
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEIZ>

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

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

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

3" European Conference on Earthquake Engineering and
Seismology (3ECEES), 19-24 June 2022, Bucharest, Roma-
nia, https://3ecees.ro

PRF 2022 Progressive Failure of Brittle Rocks, June 20-24th,
2022, Flatrock, NC, USA, www.prf2022.0rg

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

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

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

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

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

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

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

zhou, China, http://rocdyn.org

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

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

WTC 2022 World Tunnel Congress 2022 - Underground solu-
tions for a world in change, 2-8 September 2022, Copenha-
gen, Denmark, www.wtc2021.dk
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11 International Symposium on Field Monitoring in Geome-
chanics, September 4 - September 7, 2022, London, UK,
https://isfmg2022.uk

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

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

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

IAEG X1V Congress 2022, Chengdu, China September 14-20,
2022, https://iaeg2022.0org

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

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

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

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

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

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

nics/en/page/home

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

50 MaveAAnvio Zuveédplo AVTIOEIOHIKNG Mnxavikng Kai
Texvikng ZeiopoAoyiag, 20-22 OkTwPpiou 2022, ABnva,
https://5psamts.eltam.org

2022 GEOASIA7? - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, October 31 - November 4,
2022, Taipei, Taiwan, www.geoasia7.org

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

Piling & Ground Improvement Conference 2022, November
16-18, 2022, Sydney, Australia, https://events.american-
tradeshow.com/pilingconference2022

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

16th ICGE 2022 - 16th International Conference on eotech-
nical Engineering, Lahore, Pakistan, 8-9 December, 2022,
https://16icge.uet.edu.pk/
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4th African Regional Conference on Geosynthetics — Geosyn-
thetics in Sustainable Infrastructures and Mega Projects, 20-
23 February 2023, Cairo, Egypt, www.geoafrica2023.0rg

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

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

UNSAT 2023 - 8" International Conference on Unsaturated
Soils, 2-5 May 2023, Milos island, Greece, www.un-
sat2023.org

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

NROCK2022 - The IV Nordic Symposium on Rock Mechanics
and Rock Engineering, 24 - 25 May 2023, Reykjavic, Iceland,
www.nrock2023.com

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

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

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

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

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

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

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

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

6th World Landslide Forum “Landslides Science for sustanai-
ble development”, 14 to 17 November 2023, Florence, Italy,

https://wif6.0org

o3 D
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World Tunnel Congress 2024
Shenzhen, China

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

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

o3 O

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

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

Email: spg@Inec.pt
Website: http://www.spgeotecnia.pt
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Malvik: an interesting landslide on the E6 high-
way in Norway

On Wednesday 4 May 2022 an interesting landslide occurred
on the E6 highway near to Malvik in Norway. The site of the
landslide appears to be 63.403, 10.804. The best image that
I have found of the landslide has been posted on the netta-
visen.no site:-

The aftermath of the landslide at Malvik in Norway on 4 May
2022.

One person was caught up in the landslide. Fortunately he
was recovered from the landslide in a conscious condi-
tion. An image from tv2 shows the impact of the landslide
on the road:-

bz T

The aftermath of the 4 May 2022 landslide at Malvik in Nor-
way.

As per the comments below, there is also a Google Streetview
of the site: https://goo.gl/maps/x1TmWHaaTZj6Msi98

It is probably very fortunate that there were not more casu-
alties from this serious incident, given that it occurred at
about 1 pm local time.

It is clear from the images that the landslide occurred at a
site of ongoing groundworks, and indeed the injured individ-
ual worked for a subcontractor at the site. Note the backhoe
located immediately below the back scarp of the landslide,
heavily tilted, suggesting a rotational failure that has transi-
tioned into an earthflow.

In the aftermath of the landslide 100 local residents were
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evacuated from areas around the site, but they have now
been allowed to return home. The E6 road is now closed.

The online newspaper nrk.no reports that this stretch of road
has ongoing works for the construction of a new motor-
way. The most recent Google Earth image of the site, from
September 2018, shows that the site was forested.

(Dave Petley / THE LANDSLIDE BLOG, 5 May 2022,
https://blogs.agu.org/landslideblog/2022/05/05/malvik-1)

o3 O

Images of the deadly landslides in Recife, Brazil

Over the last few days heavy rainfall has triggered another
wave of deadly landslides in urban areas in Brazil, this time
in the Recife area. As of this morning reports indicate that
93 people have died in the rains, with 26 more missing.

One of the worst events occurred in the Jardim Monte Verde
neighbourhood, in the southwest part of the metropolitan
area of Recife. Here, a large landslide inundated a number
of houses at the foot of the slope:-

The landslide in the Jardim Monte Verde area of Recife,
which killed at least 20 people.

This appears to be a landslide in heavy weathered and de-
nuded residual soil, probably with some element of static lig-
uefaction, judging by the debris and the runout. At least 20
people were killed at this site, including eleven members of
a single family.

There were also landslides in Camaragibe city. UOL News
has this image of another large failure in residual soil, with a
possible smaller failure further around the slope:-

A landslide in Camaragibe city to the west of the city of Re-
cife in Brazil.
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Reports indicate that at least six people have been killed in
landslides in Camaragibe.

Globo has a before and after image of a landslide in the Co-
hab neighbourhood of Recife:-

Before and after images of a landslide in the Cohab neigh-
bourhood of Recife, Brazil.

Once again the deadly cost of urban landslides in Brazil is
evident. The country has suffered multiple events of this
type over the years, and more will occur in the future. A
paper published a few years ago (Bandeiro and Coutinho
2015) recorded 214 landslide fatalities in the Recife area be-
tween 1984 and 2012, and noted that "... the management
activities in risk areas in Brazil need to be upgraded (struc-
tural and non-structural actions). Many people are living in a
risk situation on hillsides and it is impossible to eliminate this
risk in the short term.”

Reference

Bandeiro, A.P.N. and Coutinho, R.Q. 2015. Critical Rainfall
Parameters: Proposed Landslide Warning System for the

Metropolitan Region of Recife, PE, Brazil. Soils and Rocks, 38
[1], 27-48.

(Dave Petley / THE LANDSLIDE BLOG, 31 May 2022,
https://blogs.agu.org/landslideblog/2022/05/31/recife-1)
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Model unlocks real-time estimation of large
earthquakes and provides earlier warning of
tsunamis

Recently discovered speed-of-light prompt elastograv-
ity signals (PEGS) have raised hopes for rapid and re-
liable estimation of large earthquake magnitude
(above M8) to help mitigate the risks associated with
strong shaking and tsunamis.

® PEGS allowed the creation of a new model that could de-
liver more reliable size estimates of large-magnitude
earthquakes. This is crucial, particularly for predicting
tsunamis, which often take an extra 10 or 15 minutes to
arrive.

While PEGS have not been tested for operational early warn-
ing, researchers show they can be used in real-time to track
earthquake growth instantaneously after the event reaches a
certain magnitude.

“We develop a deep learning model that leverages the infor-
mation carried by PEGS recorded by regional broadband seis-
mometers in Japan before the arrival of seismic waves,”
study authors, led by Andrea Licciardi, said.!

“After training on a database of synthetic waveforms aug-
mented with empirical noise, we show that the algorithm
can instantaneously track an earthquake source time func-
tion on real data.

“Our model unlocks ‘true real-time’ access to the rupture
evolution of large earthquakes using a portion of seismo-
grams that is routinely treated as noise, and can be immedi-
ately transformative for tsunami early warning.”

Researchers used hundreds of thousands of simulated earth-
quakes before testing the model on the real data set from
2011 M9.0-9.1 Tohoku earthquake.?

The model accurately predicted the earthquake’s magnitude
in about 50 seconds—faster than other state-of-the-art early
warning systems.

“The gravity signals are too weak to be used for detecting
earthquakes smaller than magnitude 8.3 with current tech-
nology, and the system is unlikely to provide much extra ad-
vance warning in earthquake zones that are already
blanketed in seismometers,” says Richard Allen, a seismolo-
gist at the University of California, Berkeley.
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However, they could deliver more reliable size estimates of
large-magnitude earthquakes, which is crucial, particularly
for predicting tsunamis, which often take an extra 10 or 15
minutes to arrive, Allen says.

“With this technique, seismologists in Japan could have ac-
curately determined Tohoku’s magnitude and issued proper
alerts 1 or 2 minutes after the beginning of the earthquake,”
said Jean-Paul Ampuero, a seismologist at Céte d'Azur Uni-
versity and co-author of the paper.

“In 2011, it took hours. It would have been fantastic.”
References:

! Instantaneous tracking of earthquake growth with elasto-
gravity signals — Andrea Licciardi et al. — Nature - May 11,

2022 - DOI https://doi.org/10.1038/s41586-022-04672-7 -
OPEN ACCESS

2 Gravity signals could detect earthquakes at the speed of
light - Science - May 11, 2022

(THE WATCHERS, Sunday, May 15, 2022, https://watch-
ers.news/2022/05/15/new-model-unlocks-true-real-time-
access-to-the-rupture-evolution-of-large-earthquakes)
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Subsea cables turned into sensor arrays

Scientists at the National Physical Laboratory (NPL) have suc-
cessfully demonstrated a new technique that transforms un-
dersea power and telecom cables into arrays of environ-men-
tal sensors.

According to the team, the technique could allow scientists to
acquire continuous, real-time environmental data from the
bottom of seas and oceans for the first time. The results are
published in Science.

In a statement, Giuseppe Marra, principal research scientist,
NPL said: “This new technique opens a new era for Earth
monitoring by providing for the first time a feasible solution
to the lack of environmental data from the bottom of seas
and oceans. We can now harness existing underwater cables
as a valuable tool for Earth sciences and beyond. This break-
through is a perfect example of how ultra-stable optical fre-
quency metrology can transition from the laboratory to im-
prove our understanding of the world and also deliver tangi-
ble benefits to society.”

Installing and maintaining permanent ocean-floor sensors is

challenging and expensive, so only a handful exist globally.
This has left a gap in geophysical data, limiting scientists’
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understanding of the Earth’s structure and its dynamic be-
haviour.

Previous work by NPL and its partners in 2018 showed that
submarine cables could be repurposed as sensors to detect
underwater earthquakes by using ultra-stable interferometric
techniques. However, one cable could act only as a single
sensor, and measurements were limited only to the inte-
grated changes over the entire length of the cable.

Davide Calonico, researcher, INRiM, said: “Our seminal work
in 2018 turned coherent laser interferometry from a labora-
tory technique to a powerful tool for geophysical sensing, and
today a new step forward confirms it can be extended to
thousands of kilometres, reaching even the most remote ar-
eas of our planet.”

The NPL-led team, which included researchers from Edin-
burgh University, the British Geological Survey, the Istituto
Nazionale di Ricerca Metrologica (INRiM), and Google, tested
the technique on a 5,860km-long intercontinental submarine
optical fibre link between the UK and Canada.

The team showed the detection of earthquakes and ocean
signals, such as waves and currents, on individual spans be-
tween repeaters spread across the entire transatlantic con-
nection. The optical fibre in each span acted as a sensor.

In this research up to 12 sensors were implemented along
the cable. Future upgrades will increase this number to 129
and the data from these sensors can be recorded continu-
ously and in real time.

By applying this new method to the existing network of sub-
marine cables, huge areas of the ocean floor can poten-tially
be instrumented with thousands of permanent real-time en-
vironmental sensors, transforming underwater telecoms in-
frastructure into an array of geophysical sensors.

Integrating this cable-based approach with current seismo-
meter-based networks means the method has the potential
to substantially expand the global earthquake monitoring in-
frastructure from land to the seafloor where only a handful of
permanent seismometers are currently installed. The method
does not require any change to the underwater infrastruc-
ture, providing for the first time an affordable and scalable
solution for sea floor monitoring on a global scale.

Due to optical fibre cable’s sensitivity to environmental per-
turbations, this research also opens up the possibility of mon-
itoring for other natural phenomena, such as improving the
understanding of deep-water flows.

Research results provide evidence that the method could po-
tentially be used for detecting tsunamis. Enabling the real-
time detection of tsunami-inducing earthquakes closer to
their off-shore epicentre could save lives by giving national
governments crucial extra time to warn of an impending in-
cident.

The research team now plans to test the method on multiple
submarine cables, including those in more seismically active
areas such as the Pacific Ocean.

(THE ENGINEER, 23 May 2022, https://www.theengi-
neer.co.uk/content/news/subsea-cables-turned-into-sensor-
arrays)
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Optical interferometry-based array of seafloor
environmental sensors using a transoceanic
submarine cable

G. Marra, D. M. Fairweather, V. Kamalov, P. Gay-
nor, M. Cantono, S. Mulholland, B. Baptie, J. C. Cas-
tellanos, G. Vagenas, J.-0. Gaudron, J. Kronjager, I.

R. Hill, M. Schioppo, I. Barbeito Edreira, K. A. Bur-

rows, C. Clivati, D. Calonico, and A. Curtis

Underwater optical cables can be used to monitor seismic dis-
turbances and ocean currents, but the signal tends to be in-
tegrated over the entire length of the cable, which can be
thousands of kilometers long. Marra et al. were able to isolate
individual segments of a 5800-kilometer-long cable for sea-
floor monitoring. Because undersea cables have repeaters
every 90 kilometers, these segments could each be used as
vibrational sensors when coupled with a laser source. This
approach allowed the authors to better constrain the location
of an earthquake through triangulation, thus offering a
method for much better spatial resolution for undersea mon-
itoring. —BG

Abstract

Optical fiber-based sensing technology can drastically im-
prove Earth observations by enabling the use of existing sub-
marine communication cables as seafloor sensors. Previous
interferometric and polarization-based techniques demon-
strated environmental sensing over cable lengths up to
10,500 kilometers. However, measurements were limited to
the integrated changes over the entire length of the cable.
We demonstrate the detection of earthquakes and ocean sig-
nals on individual spans between repeaters of a 5860-kilo-
meter-long transatlantic cable rather than the whole cable.
By applying this technique to the existing undersea commu-
nication cables, which have a repeater-to-repeater span
length of 45 to 90 kilometers, the largely unmonitored ocean
floor could be instrumented with thousands of permanent
real-time environmental sensors without changes to the un-
derwater infrastructure.

SCIENCE, 19 May 2022, Vol 376,Issue 6595, pp.874-879,
DOI: 10.1126/science.abo1939, https://www.sci-
ence.org/doi/10.1126/science.abo1939
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Seismic and gravity survey in Thinia Valley of
Kefalonia Island

KEFALONIA GEOPHYSICAL PROJECT 2022
NTUA-UU-POLITO-OUF
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National Technical University of Athens (NTUA), Uppsala Uni-
versity (UU) and Politechnico di Torino (POLITO) with their
geophysical research groups have collaborated for a seismic
survey (active and passive) and a gravity survey in Thinia
Valley of Kefalonia Island in Greece sponsored by the Odys-
seus Unbound Foundation (OUF). The stratigraphy and the
tectonic status of the survey area is to be detected in an is-
land of intense earthquake activity. In more detail, the geo-
physical models with formations like land slide material, ma-
rine sediments and the limestones underneath can provide
useful information of the geological history and the tectonic
regime. Hundreds of wireless geophones that came from
Uppsala used for active seismics along with the NTUA seismic
source for 3 profiles of about 1000m and for well-designed
passive acquisition setup. Academics, postdocs and PhD stu-
dents in one spirit of excellent collaboration and exchange of
knowledge acquired data and are willing for the best results
after the appropriate processing and interpretation. The at-
mosphere in the field and the great effort in a beautiful island
is to be remembered....

https://www.linkedin.com/feed/update/urn:li:activ-
ity:6933884455489044480/
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NASA'’s InSight Records Monster Quake on Mars

Estimated to be magnitude 5, the quake is the biggest ever
detected on another planet.

woyas

This spectrogram shows the largest quake ever detected on
another planet. Estimated at magnitude 5, this quake was
discovered by NASA'’s InSight lander on May 4, 2022, the

1,222nd Martian day, or sol, of the mission. Credit:
NASA/JPL-Caltech/ETH Zurich Full Image Details
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InSight's Seismogram of Big Martian Quake

This seismogram shows the largest quake ever detected on
another planet. Estimated at magnitude 5, this quake was
discovered by NASA's InSight lander on May 4, 2022. Credit:
NASA/JPL-Caltech

NASA'’s InSight Mars lander has detected the largest quake
ever observed on another planet: an estimated magnitude 5
temblor that occurred on May 4, 2022, the 1,222nd Martian
day, or sol, of the mission. This adds to the catalog of more
than 1,313 quakes InSight has detected since landing on
Mars in November 2018. The largest previously recorded
quake was an estimated magnitude 4.2 detected Aug. 25,
2021.

InSight was sent to Mars with a highly sensitive seismometer,
provided by France’s Centre National d’Etudes Spatiales
(CNES), to study the deep interior of the planet. As seismic
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waves pass through or reflect off material in Mars’ crust,
mantle, and core, they change in ways that seismologists can
study to determine the depth and composition of these lay-
ers. What scientists learn about the structure of Mars can
help them better understand the formation of all rocky
worlds, including Earth and its Moon.

A magnitude 5 quake is a medium-size quake compared to
those felt on Earth, but it's close to the upper limit of what
scientists hoped to see on Mars during InSight’s mission. The
science team will need to study this new quake further before
being able to provide details such as its location, the nature
of its source, and what it might tell us about the interior of
Mars.

This image shows InSight’s domed Wind and Thermal
Shield, which covers its seismometer, called Seismic Experi-
ment for Interior Structure, or SEIS.

“Since we set our seismometer down in December 2018,
we've been waiting for ‘the big one,”” said Bruce Banerdt,
InSight’s principal investigator at NASA’s Jet Propulsion La-
boratory in Southern California, which leads the mission.
“This quake is sure to provide a view into the planet like no
other. Scientists will be analyzing this data to learn new
things about Mars for years to come.”

The large quake comes as InSight is facing new challenges
with its solar panels, which power the mission. As InSight’s
location on Mars enters winter, there’s more dust in the air,
reducing available sunlight. On May 7, 2022, the lander’s
available energy fell just below the limit that triggers safe
mode, where the spacecraft suspends all but the most essen-
tial functions. This reaction is designed to protect the lander
and may occur again as available power slowly decreases.

After the lander completed its prime mission at the end of
2020, meeting its original science goals, NASA extended the
mission through December 2022.

(NASA / Jet Propulsion Laboratory, California Institute of
Technology, May 9, 2022,
https://www.jpl.nasa.gov/news/nasas-insight-records-mon-
ster-quake-on-mars)
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NASA's Curiosity Rover Spotted a 'Doorway’ on
Mars

Though it looks like the entrance to an alien tomb,
mission scientists say it's a natural feature.

The Curiosity rover took a photo of the odd structure on
May 7, 2022, as it climbed Mount Sharp on Mars.

NASA'’s Curiosity rover took a photo of a Lovecraftian feature
on the surface of Mars last week: a seemingly rectangular
and shadowy opening in the planet’s exposed rock that looks
as if it leads into the Martian underground.

The image was captured on May 7 by the Curiosity rover’s
Mastcam while it ascended Mount Sharp. While the grainy
black-and-white image may have conspiracy theorists over
the moon, it almost definitely doesn’t show the entrance to
an underground alien society.

“It's just the space between two fractures in a rock,” Ashwin
Vasavada told Gizmodo in a phone call today. Vasavada is a
project scientist in the Mars Science Laboratory, and he said
the formation is definitely not the entrance to a video game’s
dungeon level. *We've been traversing through an area that
has formed from ancient sand dunes,” he said. These sand
dunes were cemented together over time, creating the sand-
stone outcrops Curiosity is passing by.

Vasavada told us that the fracture is only about a foot tall
and that, once these sand dunes were compacted together,
they were buried and unburied over time as the sand on Mars’
surface shifted. During this process, the sandstone was under
varying pressure, causing it to buckle and fracture in different
places. “The fractures we see in this area are generally ver-
tical,” he explained. This particular doorway-shaped fracture
likely formed in one of two ways.

“I think what we have here [is] either two vertical fractures,
where the middle piece has been removed, or one vertical
fracture, and the blocks have moved apart a little bit,”
Vasavada said.

The Curiosity rover has been trawling around Mars since it
landed in August 2012 in Gale Crater. The rover has since
covered 17.3 miles (27.84 kilometers) in 3,472 Martian days,
or ‘sols’. When Curiosity isn’t collecting rock and soil samples,
it's taking photos using its panoramic Mastcam (mast + cam-
era).

This photo from Curiosity is another example of our tendency
to see familiar forms in an unfamiliar landscape. In the past,
people have thought they’ve seen all kinds of out-of-place
things on Mars, including a squirrel and spoon.

(Kevin Hurler / GIZMODO, 5/13/22,
https://gizmodo.com/nasa-mars-curiosity-rover-doorway-
1848922393?utm source=Nature+Briefing&utm)
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Literature review assessed
current research on
incorporation of recycled
materials in pavements

Technical Basis of Austroads Guide to

SriRsmr e Austroads has released a review of

Matorials

Australian and New Zealand re-
search on the incorporation of re-
cycled materials in pavements to
inform the update to the Guide to Pavement Technology Part
4E: Recycled Materials.

Materials science, technology, and research have substan-
tially progressed in recent years increasing the range of re-
cyclable materials and their use across a wider array of ap-
plications. “As recycled materials are continually evolving, it
is paramount that they are rigorously scrutinised before we
use them in our public infrastructure,” said Ross Guppy, Aus-
troads Transport Infrastructure Program Manager.

Focusing on performance impacts, potential environmental
health and safety risks, economics and societal impacts, the
literature review assessed the currently available research,
specifications, and standards for reclaimed asphalt pave-
ments, industrial slag, recycled crushed glass, construction
and demolition waste concrete and masonry, coal combustion
products, plastics, and crumb rubber used in pavement con-
struction.

The analysis highlighted that incorporating recycled materials
in road pavements can be more economically and environ-
mentally friendly than virgin materials while providing equal
or better performance.

“Our review also showed that in Australia and New Zealand
specifications do not exist for most recyclable materials,
which significantly constraints their uptake by road and
transport authorities,” said Ross.

To ensure the performance and longevity of recycled materi-
als are maximised, a needs assessment protocol is to be de-
veloped alongside a recycled material specification for pave-
ments.

The findings of the review will be used to update Australian
and New Zealand guidelines and to provide transport agen-
cies and industry with independent advice to make more in-
formed decisions about the incorporation of recyclable mate-
rials into pavements.

“The research presented in the report will be reflected in the
Guide to Pavement Technology for a better understanding of
suitable applications, restraints, and impacts of recycled ma-
terials on infrastructure, sustainability, and society,” said
Ross. “Enabling enhanced material recovery and providing
higher quality assets will play a significant role in driving the
uptake of recyclables.”
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Download the report

https://austroads.com.au/latest-news/literature-review-as-
sessed-current-research-on-incorporation-of-recycled-mate-
rials-in-pavements

Wil Kanj - Nanehao He
Lh B ¢ Sowad [ty

Soft Rock
Mechanics

Soft Rock Mechanics and
Engineering

and y Editors: Prof. Dr. Milton Kanji,
SR Manchao He,

Prof. Dr. Luis Ribeiro e Sousa

This book offers a practical refer-
ence guide to soft rock mechanics
for engineers and scientists. Writ-
ten by recognized experts, it will benefit professionals, con-
tractors, academics, researchers and students working on
rock engineering projects in the fields of civil engineering,
mining and construction engineering.

Soft Rock Mechanics and Engineering covers a specific sub-
ject of great relevance in Rock Mechanics - and one that is
directly connected to the design of geotechnical structures
under difficult ground conditions. The book addresses practi-
-cal issues related to the geomechanical properties of these
types of rock masses and their characterization, while also
discussing advances regarding in situ investigation, safety,
and monitoring of geotechnical structures in soft rocks.
Lastly, it presents important case histories involving tunnel-
ling, dam foundations, coal and open pit mines and land-
slides.

Chapter 1. Introduction
Chapter 2. Engineering View of Soft Rocks
Chapter 3. The Geology of Soft Rocks

Chapter 4. Mudrocks as Soft Rocks: Properties and Charac-
teristics

Chapter 5. Sandstones in Dam Foundations and Tunnels

Chapter 6. Geomechanical Characterization of Evaporitic
Rocks

Chapter 7. Site Investigation for Soft Rock Mass

Chapter 8. Evaluation of Geomechanical Properties of Soft
Rock Masses by Laboratory and In Situ Testing

Chapter 9. Interaction Between Water and Soft Rocks
Chapter 10. Weathering of Rocks in Brazil

Chapter 11. Weathering, Erosion, and Susceptibility to
Weathering

Chapter 12. Degradation Processes in Civil Engineering
Slopes in Soft Rocks

Chapter 13. Mining Slopes in Weathered and Weak Rocks
Chapter 14. Correlation of Soft Rock Properties

Chapter 15. Deformation Mechanism of Soft Rock
Chapter 16. Soft Rock Roadway Reinforcement

Chapter 17. Large Deformation Support for Engineering Soft
Rocks

Chapter 18. Rock Mass Classification of Chalk Marl in the UK
Channel Tunnels Using Q
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Chapter 19. Applications of the GSI System to the Classifica-
tion of Soft Rocks

Chapter 20. Soft Rocks in Underground Hydroelectric
Schemes

Chapter 21. Tunnelling in Weak Rock
Chapter 22. Face Stability of Tunnels in Soft Rocks

Chapter 23. Characterization of Soft Rocks in Brazilian Coal
Beds

Chapter 24. Soft Rocks in Dam Foundation and Dam Sites
Chapter 25. Soft Rock as a Dam Construction Material

Chapter 26. Correction to: Characterization of Soft Rocks in
Brazilian Coal Beds

SuppeTOoX EANAVOV

Chapter 4. Mudrocks as Soft Rocks: Properties and Charac-
teristics

Abstract

Soft rocks comprise the geological materials with poor me-
chanical characteristics that span the range between soils
and hard rocks. Mudrocks are part of the broader group of
soft rocks which correspond to fine-grained, clay-rich detrital
sedimentary rocks. As mudrocks constitute more than 60%
of all sedimentary rocks and occur frequently in geological
sequence, they are often encountered in construction sites
either in their natural undisturbed state or as construction
materials. Mudrocks can show a range of engineering behav-
iours as function of their composition and structural features;
however, by reputation, they are regarded as poor engineer-
ing materials in construction displaying low strength and du-
rability as well as susceptibility to volume changes. This
chapter aims to provide a framework of the main geological
and engineering geological aspects of mudrocks that control
their engineering properties and behaviour. With this con-
cern, the key controls on the formation of mudrocks, the ter-
minology used to classify fine-grained sedimentary rocks and
the main geological and geotechnical characteristics of
mudrocks, including the relevant laboratory techniques are
presented as well as the geological and engineering geologi-
cal classifications of mudrocks are reviewed. Finally, a set of
case studies of mudrocks encountered in commonly occurring
civil engineering works are described.

Filipe Telmo Jeremias, Juan Montero Olarte, Anténio B. Pinho,
Isabel M. R. Duarte, Haris Saroglou, Mario Camilo Torres
Suarez

Chapter 19. Applications of the GSI System to the Classifica-
tion of Soft Rocks

Abstract

The chapter deals with the geotechnical classification of weak
and complex rock masses. The term “weak rock mass” in-
stead of “soft rock” is generally used in this chapter to high-
light better the nature of the examined geomaterial. The
weak rock masses that are examined in this study are gen-
erated by tectonical compression or weathering either the
parent rock is initially soft or not. Cases, where the decreas-
ing of the quality is expressed on the rock mass scale and not
necessarily on the primary low intact rock strength is thus
presented.

Use of the GSI rock mass classification system and the asso-
ciated m, s and a parameter relationships linking GSI with
the Hoek-Brown failure criterion provides a proven, effective
and reliable approach for prediction of rock mass strength for
surface and underground excavation design and for rock sup-
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port selection. The need for geological definition of rock mass
properties required as inputs into numerical analysis, allow-
ing for characterisation of even the most problematic of weak
and complex rock masses. Back-analyses of tunnels, slopes
and foundation behaviour using the approach attest to its re-
liability. New or revised GSI charts for weak and complex rock
masses are presented in this chapter. Specific key engineer-
ing geological characteristics that differentiate various igne-
ous, metamorphic and sedimentary rock units one from each
other and generates weak (soft) forms are presented.

Marinos Vassilis

Chapter 21. Tunnelling in Weak Rock

Abstract

The methodology and design procedures for tunnelling within
weak rock are nontrivial in nature. Prior to determining the
proper tunnelling technique and ground/rock support
method, a tunnel design engineer must utilize the data ob-
tained from the site investigation, rock classification and
characterization. This chapter summarizes key components
associated with weak rock tunnelling. It also includes practi-
cal design considerations associated with a Case Study of the
Driskos Twin Tunnel as part of the Egnatia Odos Motorway
that was constructed in Northern Greece. A section on nu-
merical modelling highlights the challenges and state of the
art of such analyses. Finally, a state-of-the-art fiber optic
strain sensing technique is included in order to highlight its
potential use in future tunnel design, operation and mainte-
nance considerations as warranted by the Observational
Method.

Nicholas Vlachopoulos, Bradley Forbes, Ioannis Vazaios

(Springer International Publishing 2020,
https://www.springerprofessional.de/en/soft-rock-mechan-

ics-and-engineering/17426632)
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Geo-Trends Review
www.mygeoworld.com/geotrends/issues/19-
may-2022
KukAopopnoe To Teuxog ap. 19 - Maiou 2022 Tou

NAekTpovikoU neplodikou Geo-Trends Review pe Ta akdAouba
nepiexoueva:

ISSMGE's innovation activities and unique resources
for geotechnical engineers

The Innovation and Development Committee of ISSMGE has
been working with the Board, member societies and commit-
tees within ISSMGE to develop various resources and tools
that can be of practical value...

Read More

Sub soil investigation SPT sampling

Devendra Bhikhabhai Padhiyar SPT, 29 Apr 2022
Read More

Bulletin Vol. 16, Issue 2 - April 2022 circulated
ISSMGE, 17 May 2022

Read More

Invitation to IS-PORTO 2023

Cristiana Ferreira resource, 29 Apr 2022

IS-PORTO 2023: 8th International Symposium on Defor-
mation Characteristics of Geomaterials 3rd - 6th SEPTEMBER
2023 The Technical Committee on Laboratory Stress-Strain-
Strength Testing of Geo...

Read More
FEM vs. MPM
Hamzah M. B. Al-Hashemi resource, 06 Mar 2022

FEM (left) vs. #MPM (right): It is known that #FEM analysis
has limitations when it comes to large strain/deformation
problems. However, using #Plaxis3D (FEM) with its Up...

Read More

Fifth TC309/TC304 Student Contest (groundwater
time-series forecasting)

ISSMGE TC309, 03 May 2022

The machine learning competition is organized as an event
at the MLRA2021 (Machine Learning and Risk Assessment in
geoengineering) Conference in Wroclaw, Poland, in October
2021 (con...

Read More
Future of Geotechnics: The Highlights
Lucy Wu YMPG, 16 Apr 2022

Our Future of Geotechnics event last October engaged the
geo-profession in a conversation about the future and how
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geo-professionals can be a part of shaping it. See some of
the highlights from that e...

Read More

International Society for Soil Mechanics and Geotech-
nical Engineering honours PLAXIS innovation

Seequent, The Bentley Subsurface Company PLAXIS, 06
May 2022

Congrats to our #PLAXIS team for this prestigious award!
This recognition is incredibly motivating for us as we propel
PLAXIS innovation forward to meet the sustainable infra-
structure needs of our rapidly changing world.

Read More

Award lectures from Charlotte Geo-Congress 2022
Geoengineer.org news, 08 Apr 2022

Read More

New release PLAXIS CONNECT Edition V22 Update 1 is
out!

Bentley Systems PLAXIS, 19 May 2022

In this latest minor release for PLAXIS 2D, PLAXIS 3D and
Monopile Designer we introduce the discontinuity element in
PLAXIS 3D, improved scripting support, did some CAD import
improvements and i...

Read More
Time Capsule Project launched at ICSMGE 2022
ISSMGE Time Capsule, 12 May 2022

Sydney launch of the ISSMGE Time Capsule |
https://www.issmge.org/news/sydney-launch-of-the-

issmge-time-capsule

Read More

Ground Control: Six ways transportation projects can
meet their subsurface challenges

Seequent, The Bentley Subsurface Company GeoStudio 23
May 2022

There are 167.5 million crossings every day on 43,578 US
bridges considered structurally deficient and in poor condi-
tion and a similar story has played out in other nations over
the past...

Download Ground Control eBook

Dr Marc Ballouz elected as ISSMGE President 2022
2026

ISSMGE, 20 May 2022
Read More

AMAS: World's Largest Micropiled PT Rafts Project in
Bahrain - YII2021 Certificate of Excellence

Hamzah M. B. Al-Hashemi YII2021, 14 Apr 2022

Read More

News and Information Circular - May 2022
ISSMGE ISSMGE, 17 May 2022

Read More

Near-Surface Geomechanical Properties and Weather-
ing Characteristics Across a Tectonic and Climatic Gra-
dient in the Central Nepal Himalaya

Dimitrios Zekkos Research, 24 Feb 2022

ZeAida 38


http://www.mygeoworld.com/geotrends/issues/19-may-2022
http://www.mygeoworld.com/geotrends/issues/19-may-2022
https://www.mygeoworld.com/posts/149492
https://www.mygeoworld.com/profile/devendra-bhikhabhai-padhiyar
https://www.mygeoworld.com/posts/149438
https://www.mygeoworld.com/posts/149467
https://www.mygeoworld.com/profile/cristiana-ferreira
https://www.mygeoworld.com/resources/blog/591-invitation-to-is-porto-2023
https://www.mygeoworld.com/profile/hamzah-m-b-al-hashemi
https://www.mygeoworld.com/resources/blog/575-fem-vs-mpm
https://www.mygeoworld.com/organization/ISSMGE
https://www.mygeoworld.com/groups/machine-learning-and-big-data-tc309/discussions/fifth-tc309tc304-student-contest-groundwater-time-series-forecasting-1
https://www.mygeoworld.com/profile/Lucywu
https://www.mygeoworld.com/groups/young-member-presidential-group-ympg/discussions/future-of-geotechnics-the-highlights
https://www.mygeoworld.com/company/seequent
https://mygeoworld.com/ly/ZaYBemT
https://www.mygeoworld.com/company/Geoengineer
https://www.mygeoworld.com/posts/149416
https://www.mygeoworld.com/company/bentley-geotechnical
https://www.mygeoworld.com/resources/blog/607-new-release-plaxis-connect-edition-v22-update-1-is-out
https://www.mygeoworld.com/organization/ISSMGE
https://www.issmge.org/news/sydney-launch-of-the-issmge-time-capsule
https://www.issmge.org/news/sydney-launch-of-the-issmge-time-capsule
https://www.mygeoworld.com/posts/149460
https://www.mygeoworld.com/company/seequent
https://www.seequent.com/community/research-reports/ground-control/?utm_source=mygeoworld.com&utm_medium=affiliate&utm_campaign=transportationebook
https://www.mygeoworld.com/posts/149489
https://www.mygeoworld.com/profile/hamzah-m-b-al-hashemi
https://www.mygeoworld.com/resources/blog/587-amas-worlds-largest-micropiled-pt-rafts-project-in-bahrain-yii2021-certificate-of-excellence
https://www.mygeoworld.com/organization/ISSMGE
https://www.mygeoworld.com/posts/149469
https://www.mygeoworld.com/profile/zekkos

Our journal paper titled "Near-Surface Geomechanical Prop-
erties and Weathering Characteristics Across a Tectonic and
Climatic Gradient in the Central Nepal Himalaya" led by PhD
student Willi...

Read More

Dam Project in China to Be World’s Largest Robotic 3D
Print

Geoengineer.org news, 21 May 2022
Read More

(G240

International Geosynthetics Society

KukAho@opnoe To IGS Newsletter Tng International Geosyn-
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Helping the world understand the appropriate value and use
of geosynthetics
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e Vote Now! IGS Elections Open Through 18 June! READ
CANDIDATE BIOS, FAQs
e IGS Awards: Call for Nominations 2018 - 2021 READ
MORE
e Scholarships Launched for GeoAsia7 Young Engineers
READ MORE
e Montreal To Host 13th ICG READ MORE
e GeoAsia7 Abstract Deadline Extended to 30 May! READ
MORE
e Bid Now Open To Host EuroGeo. READ MORE
e IGSF Annual Report 2021 Out Now READ MORE
e 10 Questions With... Timothy D. Stark READ MORE
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velopment, May 17 REGISTRATION INFORMATION
— Geosynthetic-Reinforced Soil Structures: Develop-
ments from Walls to Bridges, May 24 REGISTRATION
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- GRI-GM13 Update, May 11 - repeat event REGISTRA-
TION INFORMATION
e Calendar of Events
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