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AMNQAEIE2

Nikog KavtapTting (1942 - 2020)

To ZaBRato 28 NoeuPpiou epuye ano Tn {wn o Nikog Kavtap-
TING, VIKNUEVOG and TOV KOPwWVOiod.

O Nikog unnp&e e&exov-dpaaTrplo HEAOG (MEXP! KAl TNV TEAEU-
Taia oTIYHR) TNG YEWTEXVIKNAG HAg KOIVOTNTAG Kal 1I0pUTIKO HE-
Aog Tou EAANVIkoU Zuvdeopou MEwOoUVOETIKWY Kal HEAOG TOU
1°Y A.%. Tou.

O Nikog yevvnlnke oTo BoAo Tov AUyouaoTo Tou 1942. TeAei-
woe Ye aploTta Tn deuTepoBabuia sknaidsuon otn BapBakeio
MpdTuno ZxoAn. Znoudace MoAImikdG Mnxavikdg oto CARLE-
TON / OTTAWA University Tou Kavadda, ano o6nou otn Ouvé-
X€la nnpe 170 Master of Engineering (MEng) otnv Y3pauAikn
kal otnv Edagounxavikn (Hydraulics and Geotechnical Engi-
neering), To 1972.

MeTa TIG onoudég Tou aTov Kavada, epyacTnke yia duo xpovia
otnv EAAnvikn Etaipeia Ospehiwoswv AE, wg EpyoTta&iapxng
Kal unelBuVoC yIa TNV KATAOKEUN OEIPAG EPYWV BEPENIDTEWY,
avTioTnpi§ewv kal anooTpayyioewv. =Ta enopeva 4 xpovia
Tov Bpiokoupe va epyaletal otnv EDOK-ETER-MANDILAS Ltd
¢ AleuBUvwv Mnxavikog TunpaTtog Eidikwv FewTexvikwy / Y-
dpaulikwv MeAeTwv kal Kataokeuwv otn Niynpia kai otn ou-
véxeia otnv EAOK AE - ETEP AE - AOMIKA EPIA AE w¢ ouvep-
yoTa&lapxnG KATaokKeung Tou KevtpikoU AywyoU Ogooalovi-
KNG o€ onpayya. Mexpl 7o 1991 epyaoTnke o€ diagopa £pya
oTtn Bopeia EAANGDda pe £€dpa Tn ©sooalovikn. To 1991 Bpioke-
Tal va gpydderal oav Eidikdg Mnxavikog otn Anpokparia Tou
MdaAI yia To npdypappa enidiopbwong — BeATiwong udpoap-
OEUTIKWV €pywv Tou OpyaviopoU Tou Niynpa kai Tou npo-
ypapuaTog puliou Segou.

Ano To 1987 kal yia neploodTepa anod 15 xpdvia, ouppeTEiXE
otn AHAEA EME oav €1aipog / €101k0C GUPPBOUAOG HEAETWV €-
MAOYNG KAl EQApHoyng €I0IK®V UAIKOV (YEWUPACHATWY, YE-
WNAEYPATOV KAM) yia yeydAa avanTtu&iaka €pya. Tautoxpova,
EPYAOTNKE WG MEWTEXVIKOG MNXavikoG apxikd kal wg TEXVIKOG
SUPBouMoC oTn ouvéxela, otnv eTaipsia «EZAPXOY NIKOAO-
MOYAOZ MMENZAZZQN, ZYMBOYAOI MHXANIKOI E.[M.E.
(ENM ENE)» & ENB Consulting Engineers Overseas Ltd, érnou
OUMUETEIXE OE OIAPOPEG HEAETEG KAl EMIBAEYEIG YEWTEXVIKWOV
Kal udpaulikwv €pywv otnv EAAAda, otnv AiBiomia, oTtnv
Maupitavia, oto Kapepouv, atnv MaAaioTivn, oTig Nfjcoug Ko-
HOPEC Kal yIa apKeTA Xpovia aotnv AAyepia. Tnv nepiodo auTn
npooepepe unnpeoieg kal ornv Koivonpa&ia OAOZHPAITES,
Texviko ZUuBouAo TnG EYAE O3Ikwv =npdyywv Kal YAoyeinv
‘Epywv Tou TOTE Ynoupyeiou Anpooiwv ‘Epywv.

'HTav péAog Tng International Geosynthetics Society (IGS),
Tou Engineering Institute of Canada - Canadian Geotechnical
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Society (EIC-CGS), Tng American Society of Civil Engineers
(ASCE).

'HTav navTpepévog Pe TV Hp® Kkai gixe dUo yiolg Tov Avdpea
kal To ravvn.

Tov ayannuévo pou Beio Niko ) okéTo Niko, 6nwg nbeAe va
Tov anokdAw®, 6a Tov Bupapal navrta oav evav ndpa noAu
dpacTnpio avBpwno kal nablacuévo Pe TN SOUAEIG TOU pnxa-
VIKO, Nou yupioe douAelovTag oxedov OAo Tov KOOHO, nou
BonBouoe kal oTnpile TOUG VEOUG PNXavikoUg, Kal mou TOoo
adika £PUYE yIa TN YEITOVIA TV ayYEAWV.

Ap. XpioTiva Kavtaptln

o3 D

Jean Aubouin (1928 - 2020)

AyannTég kal ayannToi ZuvadeAQol

Je 101aiTepn AUNN 0ag yvwaoTonoi®w TNV anwAegla Tou dianpe-
noug MewenioTripova Jean Aubouin (92 eTwv).

O Jean Aubouin ocuvéBaAs KaBopIOTIKA OTN YV®OON ThG
FewAoyiag Tou EAAadikoU X@pou Kal napnyaye &va Tepa-
OTIO NPWTONOPO YIA TNV EMOXH TOU ENICTNHOVIKO £PYO OE MOA-
AEG NEPIOYEG TOU KOGHOU.

'HTav Mpoedpog Tng Akadnuiag Tou Mapioiov, EniTipog Kadn-
ynTAG Tou EBvikoU kai KanodioTpiakoU Maveniotnuiou A6n-
V@V Kal ETUXE ONPavTIKQV dlakpicewv os dI1EBVEG eninedo.

Mg ekTipnon,

Ap EuBUuNG Aékkag
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Scientific Report
The October 30, 2020, Mw=6.9, Samos [Eastern
Aegean Sea, Greece] EQ: Preparedness and
Emergency Response for Effective Disaster
Management

O ogIopO¢ peyEBoug Mw 6.9 nou ekdNAwBOnkKe Tnv 30n OKTW-
Bpiou 2020 Bopeia TNC ZAKOU NPOKAAETE BeKADEG avOPWMIVEG
anwAEIEG KAl €iXE ONUAVTIKEG ENINTWOEIG O UNOJOUEG KAl Ka-
TAOKEUEG, KABWG KAl O KOIVWVIKO Kdl OIKOVOMIKO €ninedo
otnv EAAGda kal otnv Toupkia.

MeTa TO O€IOPO, ol EAANVIKEG apxEG €Becav oe epappoyn To
Unxaviouo diaxeipiong Kpiong, NpayuaTonoliwvTac Tn Heyaiu-
TEPN KIVNTOMoinon anod TOTE NoU OAOKANPWONKE kal TEBNKE o€
10XU To oX€dI0 "EYykEAadog" yia TNV AVTINETWNION EKTAKTWV
Avaykwv kal Apeong/Bpaxeiag Alayeipiong Twv ZUVENEIQV
ano Tnv EkKdNAwaon ZEIouoV.

H €kBeon cival €101kf £€kdoan Tou "NEWSLETTER OF ENVI-
RONMENTAL, DISASTER, AND CRISIS MANAGEMENT
STRATEGIES" kal napouadialel eilocaywyika To cuoTtnua MoAi-
TIKAG NpooTaciag otnv EAAGda kai To 2xedio "Eykehadog" kal
EMNIKEVTPWVETAI OTIC OPACEIC, NOU MpayuaTonoinénkav kaTd
TNV €KTAKTN avdaykn nou diapop@wlnke and Tnv ekdnAwon
TOU OsiopoU KAl TwWV YEWOUVAPIK®V OaAdcoinv KUPATWV
(tsunami).

AlanioTwveTal o uwnAou eninedou SOPNUEVOG OXESIATHOG TNG
NoAITIKAG d1aXEipIoNG KATAoTPOPWV Kal Kpioswv aTnv EAAGda.

H €kBeon €ival anoTéleopa ouvepyaoiag Tou MM "STpartnyi-
Keg Alaxeipiong MepiBaAAovTog, KaTtaoTpopwyv kai Kpigewv"
Tou EBvikoU kal KanodioTpiakoU Maveniotnuiou ABnvwv Kal
Tou OpyaviopoU AvVTIOEIOUIKOU Zxedidopou kdai MpooTtaagiag
Kal gival d1abéoiun gdw.

o3

Ti1 anokdAuWe n Xaproypa@non ora avoixTd Tng
Zapou yia To uno®aAdaoaoio pRypa

AINpkNoE eNTa NUEPEG Kal XapToypapndnkav cuvo-
Aika 1.478 km?

AENTONEPAG UdPOYPAPIKN anoTUNWaON Kal XxapToypapnon Tng
nepioxng Tng BaAaocoag Tng Zapou aAAd kal HEyAAou THRApaA-
TOG Tou Ikapiou NeAAYoUG NpayuaTonoinenke Ye apopun TwV
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KaTaoTpoPIKO ogIoud nou €nAn&e oTo TéEAog Tou OKTwRpiou To
vnoi. H mkeavoypa®@ikn anooTtoAn SIRPKNCE eNTa NHE-
PEG Kal Xaprtoypa®noénkav cuvoAika 1.478 km?2,

H ulonoinon Tng ev Adyw anooToAng and to NEN éyive pe a-
(POpPUN TOV KATACGTPOPIKO o€lIopd TNG 30ng OkTwRpiou nou &-
nAn&e Tn =auo, NETA and €ykpion Tou YEGA kal OXETIKO aiTnua
Tou EKMA kai Tn oUP¢pwvn yvoun Tou FEEOA.

Tnv epeuvnTikn gpyacia pe Bepa «ONOKAHPQMENH KAI AE-
NMTOMEPHZ BYOOMETPIKH MEAETH TOY OANAZZIOY XQPOY
BOPEIA THX ZAMOY-IKAPIAZ MEZQ NEQN E=ZEAIFMENQN
2YZTHMATQN & TEXNIKQN EPEYNAZ KAI AIAZKOMHZHZ»
dleknepaiwaav n Ydpoypaikn unnpeaoia (YY) he To udpoypa-
PIKO-wkeavoypaPiko(Y/M- QK )«NAYTINOZ» ot ouvepyacia
HE To TUAMa MewAoyiag kal MFewnepiBaAAovTog Tou EBvIKOU kal
KanodioTpiakou MavenioTnuiou ABnvav (EKMA).

Tnv €1dikn opada anotehovuoav, onwg WYeTadidel To ABnvaiko
MpakTopeio EIdroswyv, €nOTNUOVIKO NPoownikd TG YY Kal
Tou EKMA, YE enikepaAng TNV avanAnp®Tpia KkaénynTpia Tou
TUAMaTog MewAoyiag, k. Napaokeur NopikoU, Pe okono Tn Ae-
nTopePr udpoypagikn anoTuNWaon Kal XapToypdagpnaon Tng ne-
pIoxng TnNg 8adAacoag TnG Zapou, aAAa Kal peydAou TUAMATOG
Tou Ikapiou neAdyouc.

'Onwg avakoivwOnke ano 1o FEN, Ta 3£30péva Nou CUA-
AéxOnkav anod 1o Y/I-QK NAYTIAOZ 6a TUxouv eng§ep-
yaoidag yia TV KATaoKeUr BAaOUMETPIKOU XapTn uwnAng
avaAuong, alAd kal Tn dnuioupyia unoBaAdcaciou PopPoTE-
KTovikoU XapTn oTov onoio 6a napoucidlovTtal 6Aa Ta Yew-
HOP@OAOYIKA XAPAKTNPIOTIKA TOU NUBPEva o€ ouvOUATHO HE
TNV TEKTOVIKA TNG NEPIOXNAG.

Me Tn BonBeia Twv dedouévwyv avapéveral niong, va kaTa-
vonBei To duvapikod OAWV TWV EVEPYWV PNYHATWV OTNV ne-
ploxn o€ ouvduacouo HE Ta xepoaia dedouEva.

'Onw¢ dNAwaoe oTo ABnvaikd - Makedoviko MpakTopeio EIdn-
oewVv n ka NopikoU, «n GUPBOAR TNG YY OTnv eKTEAEON TOU
wKeavoypa@ikoU nAda oTi¢ SUOKOAEG CUVONKEG TNG navdn-
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piag Covid-19 ATav kaBopIoTIKA Yia va cUAAEXBoUV gnigTnuo-
vIKG dgdopéva og pia anod TIC OEIOPIKOTEPEG NEPIOXEG TOU Al-
yaiou. Eival onuavTiko va Toviooupe To uywnAo €ninedo @IAo-
Eeviag o nAoio Tou MoAepikoU NauTikoU Kai €13IKOTEPA O€ Ne-
piodo navdnuiag, Nou €ixe WG ANOTEAECHA TNV OAOKARPWaON
TNG anoaToAnG pe acpdAeia. Eivar agloonueioTo To yeyovog
oTI n €€aipeTikn ouvepyaaoia NN kal EKMA oTo nedio 0dnynoe
oTNV Aueon ouAAoyr BaBUUETPIKWY JESONEVWY OTNV MEPIOXN
Sdapou-Ikapiac, o€ XpovIKO dIaaTnHa JOAIG EVOG Unva and tnv
€kONAWGN TOU OEICHOU».

Tnv opdada eKTEAEONG TOU £pYOU AMOTEAECAV TO MANPWHA TOU
QK-Y/T «NauTiAou» Je KUBEPVATN ToV NAWTAPXN XprioTo BAa-
xoyiavvn (MN), n avanA. kaBnynTpia Tou EKMNA, Mapaokeun
NopikoU, n unowneia diIdakTwp Tou EKMA, A. Aaunpidou Kal
o NAwTapxng Tou NN, A. Aitoag (uneuBuvog Tou Y/I Suvep-
yeiou TnG YY).

'Onwg dnAwoe oto AME-MME n ka NopikoU, «n wkeavoypa-
(IKR anooToAn NpaypaTonoindnke o eNTa PEPEG KAl XapTo-
ypapnnkav ouvoAikda 1.478 TeTpaywvika XIAIOueTpa. To KU-
p1o unoBaAdaococio pRypa Bopeia TnG ZAHou €XElI OUVO-
AIkO pRKoG 37 XIAIOHETPWV, HE KUpIa Si1sUOuvon apxika
ABA-ANA kai oTn oguvéxela A-A kal kAion npog Ta Bo-
pela. To iXVOoG TOU prlyHaToG evronioTnke o€ Badn ano
230 péXp! Kal 670 HETPWV KAl OE ANOCTACH TPIAOV WG
£NTA XIAIOHETPWV ANO TIG BOPEIEG AKTEG TG SAHOU>.

AVEQEPE aKOUN OTI «TO MEYaAUTEPO BABOC TNG EMINNKUMEVNG
Aekdvng Tng BdAaocoag Tng Zapou eival 689 pérpa. Evrunw-
glakd unoBaAacaia papayyia PE NAKOG PEXP! Kal 2,7 XIAIOuE-
Tpa enikpatoUV KATA PAKOG TwV BOPEIWV AKTWV TNG ZAuou,
evw evtonioTnkav dUo PeyaAeg unoBaldaacaoieg KaToAIgBNRoEeIg
nAartoug 1,3 kai 0,8 xAu. oTo BaAacoio XwpPo Bopeia anod To
KapAoBaat.

XapToypapnbnke eniong To avatoAikd nepiBwpio Tou Ikapiou
MeAdayoug - To Oplo TNG BAAacoag TnG =Apou - Nou opoBeTeiTal
ano Tnv evepyn pnéiyevn wvn pe dielBuvon BBA-NNA kal
UNKOG 34 XAU., MOU £XElI PETPIEG HOPPOAOYIKEG KAIOEIG KAl TO
onoio diakonTeTal and dUo evTUNWOIaKEG KAaTOAGOATEIC HeEYa-
ANG €kTaong. =Tnv eupUTEPN NEPIOXH £XOUV Napatnpnesei noA-
AOi WETAOEIONOI OE CUVEXEIQ TOU KUPIOU GEICHOU>.

'Onwg £dsi€e n €peuva, o nubuévag atn dUTIKR NAEUPA TNG
Sapou napoucialel PeYAAeG HOPPOAOYIKEG KAIOEIG AOYWw TNG
Uunap&ncg evepyoU priypaTog pe dieuBuvon BA-NA, nou anoTe-
Aei kal To NA nepiBwplo Tou Ikapiou MeAayoug kai diakoNTETal
anod evtunwaolaka unoBaAdcaoia @apayyla pe diglBuvon anod
NA npog BA pnkouc 12 kai 9,6 xAW. avTioTolxa. XapToypagn-
Bnke eniong n Bopeia nAeupa Tng Ikapiag (voTIo NeEPIB®PIO TOU
Ikapiou neAdyouc), n onoia napouadialel anOTONEG HOPPOAO-
YIKEG KAiOEIG AOyw TG Unapéng pnypdatwyv pe dielBuvon BA-
NA kai A-A kal unkog 18 kai 16 xAu. avTioToixa.
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T
-

Me Ta dedopEva nou GuAAEXBNnKav, Ba Yivel n KaTaokeur evog
BaBupeTpikol XapTn UWNARG avaluong kai n dnuioupyia evog
UnoBaAdaacaoiou HOPPOTEKTOVIKOU XapTn, oTov onoio 6a na-
pouaialovTtal OAa Ta YEWMOPPOAOYIKA XAPAKTNPIOTIKA TOU
nubuéva, o ouvduaopod PE TNV TEKTOVIKA TNG NEPIOXAG. TE-
TOIOI XAPTEG €XOUV AN KATAOKEUAOTEI and Tnv gPEUVNTIKN O-
pada Tou EKIMA yia To Bopeio Alyaio, Tn Aekavn Tng =kuUpou,
Tn Aekavn Tng Apopyou, Tn ZavTopivn, TNV Kw kai Tn Nioupo.
OswpouvTal anapaitnTol, cUNPWva PE TNV ka NopikoU, yia
O0Ao To Alyaio aAAd kail To Iovio MéAayog yia TNV KaTaypaen
Kal EKTINNON TwV UnoBaAdacoiwv YEWKIVOUVWY (O€IoNoi, Ka-
TOANIOONOEIG, TOOUVAUI KAM).

(newsbeast, 08.12.2020, https://www.news-
beast.gr/greece/arthro/6895300/ti-apokalypse-i-charto-
grafisi-sta-anoichta-tis-samoy-gia-to-ypothalassio-rigma)
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APOPA

ZUHBOAR YEWQPUOIK®OV HEBOdWV oTnVv a§ionioTn
€KTipnoN TNG Vs30

Manadonoulog ., ®ikog H., Bapyepédng I'. kai
©®€0d0uUAidng N.

NepiAnyn

Eival nAgov kolva anodekTo OTI KaTd Tn d1dpkela evog OEIopI-
KOU YEYOVOTOG N OEIOWIKA Kivnon ennpealeTal o€ onUavTiko
BaBuo ano TIg ToniKEG €3APIKEG OUVONKEG. Zuvenwg, sival a-
napaitnTn N yvwon TnG YEWPUOIKAG SOUNG TWV ENIPAVEIGKOV
oXNMATIoPWV, dNAadn ol TaxuTnTeg d1Ad00NG TWV CEIOHIK®OV
KUMATWV, N NukvoTnNTa, ol EAACTIKEG oTaBePEC KAN. Ma To Xa-
pPaKTNPIOUd TwV TOMIKWV €3APIKOV OUVONKWV CUPPWva HE
Tov Eupok®dika EC8, anaiTeital n ekTignon Tng Méong Taxu-
TNTAG TWV E€YKAPOIWV CEICHIK®V KUPATWV oTa npwta 30m
(Vs30), i n avtioToixn Vsz and Tnv enipaveia PYéExpl €va ou-
YKEKPIKEVO BABOG, z, OTAv auTd €ival JIKPOTEPO 1 HEYAAUTEPO
Twv 30m. ZTnv gpyacia auTh napouacialeTal npoonabeia e-
KTipnong Tng Vs30 otnv B€on Tou 0gICHOAOYIKOU 0TaBHoU Tou
A.M.0. otnv noAn Tng ©sooalovikng, ME TN ouvdUACTIKN &-
Pappoyn YEWPUOIK®OV HEBOSWV XapnAou KOGTOUG, Onwg €ivai
n TeXVIKN €I8IKWV JIKTUWV OEICUOYPAPWV Yia TNV KaTtaypagn
nepiBailovTikou BopUBou, n noAukavaAikn avdAuon enipa-
VEIOK®OV KUpaTwv (M.A.S.W.) Kal n Togoypa®ia NAEKTPIKAG a-
vTioTaong (ERT). H a&lonioTia Twv anoTeAEOPATWV EAEYXETAI
OUYKPITIKG JE OedoPEVa anod OEIOUIKEG ETPROEIC OE YEOTPNON
(DH: downhole) nou éxel npaypatonoinBei oTnv neploxn
auTn.

1. Eicaywyn

H osiopikn €dagikn anokpion o€ Wia 8€on ennpealeral onua-
VTIKA ano TIG TOMIKEG YEWAOYIKEG OUVBNKEG. XapakTnpioTikd
napadeiypa yia Tn onoudaidoTnTa TWV TOMIK®V CUVONK®V a-
noteAei o o€IopOG Tou 1985 kal ol ENINTWOEIG TNG OEIOHIKNG
dovnong oto Mexico City €Eaitiag TnG evioxuong nou npoka-
Aeoav o€ autnyv ol €daPikEG ouvoOnkeg. H kaAn yvwon Tng ye-
WAOYIKAG KAl YEWTEXVIKNC OOWNG TNG B€ong kabwg kal n
YVWOn TOU OEICUOTEKTOVIKOU UnoBadpou kai TnG oEIoPIKOTN-
Tag TNG eupUTEPNG NEPIOXNG BswpoUvTal ONUAvTIKEG napdue-
TPOI Y1a TN PEAAIOTIKN EKTINNON TNG OEIOUIKAG ENIKIVOUVOTNTAG
otnv €€etaldouevn B€on.

1.1 Eda@ikog 60pupog

Edaikog () nepIiBaiAovTikoGg) B0puBog BewpolvTal Ol CUVE-
XOHUEVEG TAAQVTWOEIG TOU €5APOUG Anod NNYEG Nou oxXeTiCovTal
TOOO WE PUOIKEC dlepyaaieg 6go kal ue avBpwnivn dpaaTtnpid-
TnTa (Gutenberg 1958, Bonnefoy-Claudet et al. 2006). 'Onwg
KABe ggIoPIKn KaTaypapn €Tol Kal 0 £da@IkOg PIkpoBOpuPog
napexel NANPoQopieg oXeTIKA HE TNV NNyR, To dpdpo diddoong
Kdl TIG TONIKEG £dAIKEG OUVONKEG 0T B€0N KaTaAypaPng Tou.
H Texvikn HeTprioewv €da®ikou Bopupou pe avanTugn IdIKwv
OIKTUWV oeIopoPETpwY (Array Technique) anoTeAei éva noAU
XPNOIMO Kal EAKUCTIKO €pyaleio yia TNV eKTigNon TNg Hovo-
d1doTatng OOMNAG TAXUTATWV TWV €yKaApoiwv KUupatwv (S-
waves) oe pia nepioxn (Aki 1957, Asten 1978, Tokimatsu
1997) kupiwg eneIdr) To KOOTOG EPAPHOYNG CUYKPITIKA HE TN
XPNon YEWTPNOEWV gival MOAU XaunAo aAAd kai Tng duvarto-
TNTAG EQApHOYNG TNG 0€ dopnuEVO nepIBAilov AOyw Tou na-
BnTikoU (passive method) xapaktipa Tng. H Texvikn auTn,
pnopei va epappooBei eUKOAA OE AOTIKEG NEPIOXEG KABWG OV
anairouvTal TEXVNTEC OEIONIKEG NMNYEC KAl EMNITPENEl TNV €Ea-
ywyn nAnpo@opi®v anod noAu peyaia Baen, avaloya pe Tn
SIGUETPO Tou JIKTUOU KAl TO OUXVOTIKO NEPIEXONEVO Tou £0a-
@IkoU BopuBou (Satoh et al. 2001). Mia Baagikr unoBeon n
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onoia yiveral gival 671 0 €daikdG BOPUBOG ANOTEAEITAI KUPIWG
and enipavelaka kupaTa kal 6T n unedagia dopn napoucialel
op1lovTia diaoTpwuaTtwon (Tokimatsu, 1997). Se pia TEToIO
dopn, Ta enipavelakd kKUPATa egeavifouv 1o PAIVOUEVO TNG
okédaong (dispersion), oOmou n @aivopevn TaxuTnTa
(apparent velocity) peraBaAAeral pe Tn ouxvoTnTa. Ta enipa-
VEIaka kupaTta Rayleigh kal Love cuvunapxouv oTig opI{OVTIEG
OUVIOTWOEG, EVW Ol KATAKOPUPEG OUVIOTWOEG €nnpealovTal
JOvo ano Ta kupaTa Rayleigh. To npwTo oTddio Tng avaAuaong
dedopévwy edagikol BopuBou eival n eEaywyn TG KAPNUANG
oKEDAONG TWV ENIPAVEIAKWOYV KUPATWV (S1dypappa TaxutnTag
@daong - ouxvoTnTag) He Tn HEBodO TNG uWnARG avaiuong ou-
XvoTnTag — kupaTtapipou (high resolution f-k) kal To deUTepo
0TAd10 N avTioTpo®n TNG Nnapandvw KAPnUANG yia Tnv napa-
YWY TOU PovodIaoTaTou Npo@il TaXUTATWV £yKApPCiwv Ku-
paTwv pe To Babog. ZUpewva pe Toug Woods & Lintz (1973)
n 1kavoTnTa evog dIkTUOU va €EAyel TNV KaunuAn okédaong os
enbupnTd 6pia ouxvoTnTwv dev eEapTtaral povo and Tng o1d-
METPO TOU GAAG Kal and Tn XWPIKA KATavour TwV OEIoHOoME-
TPpWV KAl and Tn OUCXETION TWV KUPATWV nou npokeiTal va
avaAuBouv. H pébodog auTr ennpealeral ano Tn pn-povadi-
KOTNTA TNG AUONG Kai yia To Adyo auTo onoiadnnoTe d1abgaiun
nAnpo@opia yia Tn 6€on epapuoyng npénel va AauBaverai u-
noéyn katda tn diadikacia TnG avTioTPOPNG.

1.2 Topoypaia £181knG nAekTpiknG avriotaong (ERT)

Me Tnv e@appoyr NAEKTPIKWV HEBODWV eNIdIWKETAI 0 KabBopi-
OMOC TNG KATAVOUNG TWV NAEKTPIK®V IDI0TATWY TOU uneda-
®ouc. Q¢ nnyn XpnoldonolgitTal TexvnTa napayOouevo nAe-
KTPIKO Nedio oTo £€0aPog NEOW evOC {elyoug NAEKTPOdiwV. €
€va 0eUTePO (eUyoG NAekTPOdiwv PETPATAI N dlapopa duvapi-
KoU nou npokaAeiTal. H wuikn avTiotacn nou unoAoyileTal
oav To nnAiko Twv SUO AUTWV PeEYEBwV XpnoigonolgiTal yia
TOV UNOAOYIONO TNG PaIVOPEVNG €IDIKNG NAEKTPIKNG avTioTa-
ong (apparent resistivity). ZTn ouvexela Ta nAekTpika dedo-
MEva avTIoTpEPOVTAl Yia TNV napaywyn povodiaoTatwyv (Bu-
Bookonnon) r d16d1A0TATWY NPOPIA KATAVOURG €10IKAG NAE-
KTPIKAG avTioTaong. =Tnv napouaa €peuva Xpnoihonoinénke
n TeXVIKN TNG NAeKTPIKNAG Topoypagiag (ERT) yia Tn Anwn
NANPOPOPIMYV TOCO YIa TV KaTakdpupn 600 Kal Tnv opiZovTia
METABOAN TNG €I0IKNG NAEKTPIKAG avTioTaong Tou uneddgoug
KATa PAKOG TNG YPAMMKNG £pEUVAG.

1.3 MoAukavaAiki avaAuon EeniPAVEIGK®OV KUHATOV
(M.A.S.W.)

H pébBodog M.A.S.W. epapuodletal yia Tov Npoadiopioho TNG
KATavoung TG TaxuTnTag Twv eykapaiwv Kupdtwy (Vs) o€ pia
n oe dUo diaoTaoceig (Park et al., 1999). MNa Tnv kataypaen
Twv 0edopévwv KUPATwv Rayleigh TonoBeTolvTal o€ pia €u-
Bgia yeEOQWVa KAaTakopuPng ouvioTwaoag 18loouxvoTnTag 4.5
Hz oe oTabepry andoTaon peTagu Toug Ta onoia eival ouvde-
depéva e wn@lako osiopoypago. MNa Tnv napaywyn Twv oel-
OHIK@WV KUPATWV XpnoigonoioUvTal JIAPopeG TEXVNTEG MNYEG
n.x. oQuUpi To onoio €ival N Nio KoIVRA Kal 0OIKOVOUIKA nnyn yia
OEIOUIKEG TOMEG OXETIKA MIKPOU WRAKOUG. MeTA Tn Afwn Twv
dedopévwy, yiveTal enegepyaaia yia Tnv Eaywyn TnG Neipa-
HaTIKAG KapnuAng diacnopdg n onoia avTIOTPEPETAl yid va
napaxOei €va povodiaosTtaTo (N Kai 310d1aoTaTo) NPOQIA Tayxu-
TATWV egykapoinv kupdtwv. To BaBog diaokonnong opileTal
nepinou ico Pe To 1/3 To PEYIOTOU PAKOUG KUKATOG (Amax). 'O-
nwg avagepnke napanavw, ol HeBodol kaTd TiG onoieg €§a-
YETal pia KapnUAn d1acnopdc TwV €NIPAVEIaK®V KUPATWV -
HNEPIEXOUV, KATA TNV aAvTIOTPO®r, TO NpOBANMA TnG pn-po-
vadikoTnTag TNS AUoNG Kai yI’ auto onoladrnnoTe YEWPUOIKH N
YEWAOYIKN nAnpo®opia apopd Tnv nepioxn HEAETNG gival on-
MavTIKM YIa TOV MEPIOPIOUO TWV TEAIKWV anoTeAsopaTtwy (Foti
et al., 2009).

2. Me6odoAoyia
Ma Tov XapakTnpiopd TwV TONIKWV £6APIK®V CUVONKWOV HECW

TNG MEONG TaxUTNTAG EYKAPOIWV KUNATWV TwV NpOTwV 30m
(Vsz0) xpnoiponoindnkav PeTpnoelg edapikol BopUPou e TN
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xpnon £10Ikwv SIKTUWV CEICUONETPWY O ouvduaopd HE Tn
oeIopIkn pEBodo M.A.S.W. Eniong npaypatonoin®nke kai pia
Topoypagia NAEKTPIKNG avTioTaong e OKOMO TNV napaywyn
€vOG NPOPIA KATAVOUNG TWV NAEKTPIKWV AVTIOTAGEWV OTO U-
nedagog TNG NeEPIOXNG MEAETNC To onoio Ba pag €31ve To npay-
MaTIKO, TOUAdYXIOTOV O€ OTI apopd Tn YEWHETPIA Tou, ApxIKO
HOVTENO. To NAEOVEKTNUA TNG €MIAEYHEVNG BEonG (Z€iopoAo-
YIkOG 0TaBuog OeooaAovikng Tou AMO) eival n unapén yew-
TPNONG Kal YETPROEIC TAXUTATWV Vs kal Vp YEoa o auTn, de-
dopéva Ta onoia xpnoipgonoinenkav yia Tn ouykpion Twv Te-
AK®V anoTeAEOUATWV PE TV NPAyUaTIKn unedagia doun.

H opyavwaon Tou dIKTUOU CEICHONETPWY NPAyHaTonNoINenkKe WUe
TOnoBETNON OTABUWV KATAYPAPRG O KUKAIKEG Slatageig. H
YEWMETPia Twv diaTa&swv Tou dIkTUOU anoTeAeiTal and TPeIg
vonToUG OJOKEVTPOUG KUKAOUG (epuBpr, kuavn, npdaoivn Ka-
MnUAN oTo ZxnAMa 1), Ye éva oTadbuo KaTtaypapng oTo KEVTPO,
€€l OTNV NEPIPEPEIA TOU NPWTOU, ECWTEPIKOU KUKAOU (KOK-
KIVO) KAunuAn), TPEIC TNV nepIPEpela Tou deUTEPOU KUKAOU
(unAg) kal eniong TPEIG OTaBHOUG KATaypaPng oTnv nePIPE-
peia Tou €EwTepPIKOU KUKAou (KiTpivo). H gnihoyr Tng diapé-
Tpou kaBe kUKAou kaBopileTal BAoN TWV AVAPEVOUEVWY Xa-
PAKTNPICTIK®V TNG unedagiag doung, To eNBuunTo Babog dia-
okonnong, TNV TIPAR TNG 15100UXVOTNTAG TWV ENIPAVEIAKDYV
OTPWHATWYV Kal TIC TONIKEG CUVONKEG (d1aB£0INOG XWPOG). Te-
AIK@, yia Tnv avanTtu&n Tou dIkTUOU, XPNOIJonoIndnkav ouvo-
AIKaG 13 B€osig.
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ZxAHa 1. Avantuyua €i181koU SIKTUOU OEICHOMETPWY METPN-
ongG da®ikou PIkpoBopUBoOU OTNV NEPIOXN HEAETNG.

H didpkela kaTtaypagpng HikpobopuBou ATav 4h30min yia Tn
31aTagn 1-3-3 (eEwTePIKOG Kal eVOIANECOG KUKAOG) kal 30min
yia T d1aTta&n 1-6 (eowTepikOG KUKAOG). H enegepyaania Twv
dOedopévwY EYIVE PE TO AoyiodikO Geopsy (Wathelet et al.,
2020) kar Ta dedopéva avaAubnkav pe Tn peBodo f-k pe
okono TNV napaywyn Tou diaypdupaTtoc TaxutnTag ¢paong —
ouxvotnTag (v-f) yia Tnv emAoyn TnG kapnuAng okedaong. Ta
anoTeAéopaTa TNG avaiuong Twv dedouEVWV HIKpoBopUBou
pe Tn peBodo f-k yia kar yia Tig duo diaTa&eig eppavitovral
gTo Zxnua 2.

01 000 KaunUAeG okEdaAoNG Nou NPoEKUYAV ouvdUAoTNKav yia
TNV KATAOKEUT TNG CUVOAIKNAG KaUNUANG okedaong n onoia ka-
AUNTEl £va peydAo eUpog ouxvoTATWV (EXAMa 3). H kaunuUAn
ueioTaTtar e§opdAuvon (smoothing) yia Tn dieukdAuvon Tou
aAyopiBuou avTioTpo®nG Kal ENAveNIAOY KAnolwv Cnueiwv
TnG (resampling).

Mpiv Tn diadikacia TG avTioTpoPnG opifeTal 0 XwPog TwV na-
PAMETPWYV TNG UNO ekTiuNoN unedagiag dounG. To apXikd po-
vTEAO nou opioBnke anoTeAouvTav and dUo OTPWHATA MOU €-
nikabovTtal Navw ano NUIXWPo. XTn CUYKEKPIPEVN BEon ol &-
MAOYEG TWV NApAPETpwV (gUpog Vs yia KABe oTpwpa kai a-
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PIOUOG OTPWHATWV) TOU apxikoUu povTélou (Exnua 4) Baai-
oTnkav oe nAnpogopieg and d1abeoIun YEWTPNON OTNV nNe-
ploxn.

Frequency (Hz)

fs)

Velocity (m,

0 5 10 15 20 25 30 35 40 45 50
Frequency (Hz)

Zxnpa 2. Ailaypappara v-f kal eNIAEYHEVEG KAUNUAEG OKE-
daonc eNPpaveIak®wy KUPATwy yia tn diataén 1-6 (akTiva
15m) - 5€&id, kai yia Tn diaTtagn 1-3-3 (30-90m) - api-
oTepd.
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g

g
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SXAHa 3. SuvoAikn KaunUuAn okédaong Nou NPoEKUWE ano
TNV oUvBeon TwV KAUNUA®WV Twv duo diaTd&ewv Tou diIkTUOU.

H kaTtavopn Vs pe 1o BaBog yia Tn B£on Tou JIKTUOU KABWG
Kal ol BewpnTIKEC KAUNUAEG 0KEDAONG Yia Ta NApayoueva po-
vTéAa QaivovTal oTo Zxnua 5.

STnv neploxn HEAETNG NpaypaTonoindnke Kai Topoypagia n-
AEKTPIKNAG QVTIOTAoNG yia Tov npoodiopioud TNG YEWNAEKTPI-
KNG doung aTig duo diaoTacelg. MNa Tnv PETPNON TonoBeTnOn-
Kav 24 nAekTpoddia e 2m andoTaon METAEU Toug dnMIoupyw-
vTag pia Topn 46m. H Toun di€pXeTal ano Tn B€0n Tou KeEVTpI-
KOU OEIOHONETPOU TOU €1B1IKOU JIKTUOU OEICHOUETPWY HETPN-
ong edagikou BopUBou Nou nNpayparonoindnke (Exnua 6). rna
TN ANWN TWV PETPAOEWV Xpnoigonoinénkav ol diata&eig di-
pole-dipole kar multigradient. Ta nAekTpika dedopéva UNOKEI-
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vTal oTn padnuarikn diadikaagia TNG avTioTPOPnG T AMNOTEAE-
opaTa Tng onoiag gpaivovTal oTo IxNMa 7. £To oxnKa autd o
op1ZovTIog GEovag nepiypaPel 0 PAKOG NAVW OTNV EMIPAveia
TOU £8APOUG HE TNV apXM OTO VOTIOAVATOAIKO AKPO EVM O Ka-
TakopUPOC To Babog. AlakpivovTal dUo kUpIa XapakTnpIoTIKA
NG B€ong nou gpeuvnBnke. To NpwTO €ival n UNAapgn, KUpiwg
OTO VOTIO TUAKA (6 — 23 PETPO TNG TOMNAG) AVTIOTATIKWV OXN-
paTiopwv naxoug nepinou 3 péTpwv nou anodidovtal o ay-
HoxaAika evw BabuTepa kal YEXp! Ta 10 pETpa Badog ol avTi-
OTACEIC MEIVOVTAl Kal €punVvevUovVTal oav anooadpwpeEvog
n/kal €vrova KEpUATIONEVOC YVEUTIOG | OXIOTOAIBOG. To deU-
TEPO XAPAKTNPIOTIKO NOU (aiveTal ival n napatnpoupevn i-
KpN MEiWON TwV avTIoTAoEWV 0To BOPEIo TUAMA (23 - 46 pé-
TPO TNG TOWNG) N onoia WMNopEi va CUOXETIOTEI YE KATA BECEIG
au€nuévn uypaaia. Mia miBavn epunveia ynopei va €ivai n na-
pouaia piag pn&lyevolcg Lwvng e dislBuvon nepinou KABeTn
TNV TOMM HAg To onoio udpoPopEi.
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ZxnHa 5. ApioTepd, peTaBoAn TnG Vs pe To Badog kai degia

ol BewpnTIKEG KAPMUAEG okESaonG (0 XpwHATIKN KAipaka).

H palpn ypapun KE TIG TUNIKEG anokAIgeIg ival n nelpapa-
TIKN KapPnUAn okédaong TWV ENIGAveIak®V KUPATwV.

Stnv idila akpiBwg B€on Tng ERT uhonoinBnke n diaTagn yia
TNV €Qappoyn TnG peBodou M.A.S.W. yia Tov NpoadIiopIouo
€vOG povodidoTaTou npo@il Vs kal ouykpion Tou TOOO MHE TO
AnOTEAECHUA TWV PETPROEWV HIKpoBopUBoU 000 Kal e dedo-
péva and Tnv unapyouoa Ye®Tpnon. a npakTikoug AGyoug n
d1aTagn €xel avTiBeTn opa (ExAua 6) os oxéon he Tnv ERT.
TonoBetnBnkav 24 yew@wva Je 2m andoracn HeTa&l Toug
UAOMOIWVTAC Wia TOUA MAKOUC 46m. Me Tn XprAon oQupioU g
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nnyn OSIOMIK®OV KUWATWV, npaydartonoinénkav dUo xTunn-
parta, éva oTo KEVTPO TNG Topng (23m) kai éva 5m and 1o
VOTIODUTIKO GKPO TNG TOUNG (-5m). H avaiuon Twv enigaveia-
KOV KUPATWV EYIVE PE TO AOYIOHIKO €NEEEPYAOiag OEIOUIKWYV
KUpaTOHOPQWV Seisimager.

41260 "z #1300 417120

ExAHa 6. Mpapun NAEKTPIKNG Topoypapiag kal M.A.S.W. n
onoia JIEPXETAl ano Tn B€0n TOU KEVTPIKOU CEICHOUETPOU
KaTa Tn dieEaywyr NaenTIKWV JETPAOEWY HE TNV TEXVIKN

€10IKWV OIKTUWV OEICHONETPWV

SW oH § NE g

WS ke

Resistivity {ohm-m}

ZXAHa 7. ANOTEAECHA AVTIOTPOPNG NAEKTPIK®V JESOUEVWV.
>T0 36m BpiokeTal n B€0n TNG YEOTPNONG

Ma kKabe nnyn CSICUIK®OV KUPATWV (XTUNNUa) napaxdnke éva
diaypappa v-f kal £yive n eniAoyn Twv KapunuAwv 31acnopdc.
H enmiAdoyn TnG kapnuAng diacnopdc pnopei va yivel og €va
apKeTa peyalo Upog paivopevng Taxutntag. MNa 1o Adyo au-
TO eMNIAEXBNKAV NEPICCOTEPEG and pia KaunUAEG d1aonopag yia
K@Be xTUNnua (shot) pe okond Tov KaBopPIOPO €VOG €UPOUG
@aivopevng TaxUTNTag pAaong nou nepiypa®el Tnv BgueAindn
kaunuAn diacnopag (oxnua 8). =€ kabe diaypappa Badoug —
TaXuTATwV Vs Tou ZXAUATOG 8 n evrovOTepn Of nNdAxog Ka-
MNUAN KpiBnke wg N NAEoV avTINPOOWNEUTIKA AUGN Tou avTi-
OoTPOPOU NPOBARUATOG.

NOY® TNG NAgupIkng diagoponoinong nou avadeikvuel n ERT
anogacioTnke N avaiAuon TwV KUPATwv Rayleigh nou npokAn-
Bnkav anoé To XTUNNUa oTo PHECO TNG TOUNG (23m) va XwpIoTEi
YEWMETPIKG 0g dUO PEPN KE TO NPWTO KHEPOC VA AVTIOTOIXEI OTO
Bopeio Tunpa (0-23m) kal To deUTEPO PWEPOG OTO VOTIO THAKA
(24-46m), epbdoov n nAsupikn PeTaBoAn otnv ERT @aiveral
va gu@avileral nepinou oTo PECO TNG ToUNG (Exnua 7). O dia-
XWPIOPOG auTog NPokUNTEl WG NPOTAcn WEAETNG Tou uneda-
(oug 0Tav NnapatnpouvTal EVTOVEG NAEUPIKEG HETABOAEG KATA
TNV €QApUoyn TNG NAEKTPIKAG TOPoypaPiag n onoia nponyei-
Tal Twv dUo AWV PEBOSWV.

3. Z0YKpION TOV ANOTEAECHATWV HE SeSOUEVA YE®-
TPNONG

>T0 oxnua 9 napouacialovTal Pe Kolvh KAiyaka Bdoug kail Ta-
XUTATWV TO NPo@iA Vs nou npogékuwe and Ta dedopEva HIKpo-
BopUBouU (MEoN) Kal n kaTavoun Twv Vs and dedouéva unap-
xouoag yewTpnong (HeTpnosig downhole) padi pe Ta npo@iA
nou npogkuwav anod tn MASW (shot 51m) (apioTepa) kKabwg
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kal n AiBoAoyikn oTAAN TNG yewTpnong (de€1a). Ta povTéAa WE
TNV KAAUTEPN MPOCApHOYr OTNV MEIPANATIKN KAapnuAn dia-
onopdag (KapnUAEG HE EVTOVO KOKKIVO XpWHA) NEPIYPAPOUV OE
noAU kaAo Babud Tn AiIBoAoyia mou npokunTel ANd Tn YEW-
Tpnon. AlakpiveTal éva enipaveiako oTpwpa 2-3m e Vs=
200m/s To ornoio avTIoTOIXEl 0€ appoXaAika cUHG®WVA Kal PE
Tn A1IBoAoyikr oTAAN. =€ BaBog 3-10m n TaxuTnTa aufavel
onuavTika (Vs=600-800m/s). H andéTopn autry petaBoAn na-
paTnpeiTal kali oto npo@iA Vs ano Tig heTpnosic downhole kai
dikaloAoyeital and Tnv unap&n nio okAnpou oxnuUaTiopou nou
anoTeA&iTal anod PEPIKWG anocafpwHEVOUG AEUKOYVEUGTIOUG
ka1 ox10ToAIBoug (RQD: 22-23%). MNepinou oTo Babog Twv 11-
12m evTonileTal nmio cupnayng npacivoyveuaoiog (RQD: >
65%) 0 onoiog napouacidlel Peyaleg TaxUTNTEG TNG TAENG TwvV
2500m/s.
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ZxnAMa 8. MovTeha petaBoAng Tng Vs pe 1o Badog nou
NPoEKUWav WETA To dIAXWPIOHO Tou deiyuaTog dedoUEVQY,
anod To KTUNNUA OTO KEVTPO TNG TOUNAG YId TO BOPEIOTEPO
TUAMa auTng (ena@vw), yia To VOTIOTEPO TUAMA TNG (ME-
oov) Kal npo®iA Vs 0Aou Tou deiypaTtog dedopevwy and To
XTUNNUa oto voTioduTIkO dkpo (-5m) (kaTw).
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Vs profiles (Shot 51m) - 10 iterations
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ZxApa 9. AnoteAeopaTa anoé Downhole & MASW (shot at

51m) (enavw), AnoteAéopata €1dikoU dIKTUOU HIKpoBopU-

Bou (kaTtw apioTepd) - AIBoAoyikn oTAAN and yewTpnon
kal RQD (%) (katw de&1a).

O1 napanavw HeTABoAEC Twv Vs diakpivovTal kal ata npo@il
KATAavoung TAXUTATWV Mou npokunTouv and Tn HeEBodo
MASW. Mapatnpnénke Opwg OTI N HEBODOG QUTH UMOEKTIHA TIC
Vs 0g oxéon MeE TIG HEBODOUG TWV EIBIKWV JIKTUWV Kal TNG
downhole.

3TN ouvexela unoloyiobnke n Vsso and Ta anoTeAéouaTta Kabe
HEBODOU EexwpIoTd yia va yivel oUykpion pe Ta dedopéva and
Tn downhole. O unoAoyiopog £yive ue Bacon Tn oxeon:

30

h;
1N v;

Vszo =

onou h; To naxog g€ peTpa (M) Kai v; N TaXUTNTA TWV €yKap-
olwVv KUPATWV KABe oTpOHATOG. Ta anoTeAEéoPATa napouaid-
{ovTal oTOV NApakdTw nivaka Kal onwc gaiveral Kai ol 3 Je-
B0d01 KAaTAANyouv o€ NApanAnoIEg TINEG TAXUTATWV VSso.

Geophysical method Vs3o0 (M/s)
MASW (Shot51) 702
Microtremor Array 806
Downhole 879
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4. ulnTnon & Zupgnepaocpara

>TNV €pyacia auTh NPOTEIVETAl UVIUACHOC TPIMV YEWPUOI-
KOV PHEBOdWV yia Tnv a&idnioTn ekTipnon TnG Vsso 0 aoTikd
nepiBaAdov, pe TNV €EAG osipd uhonoinonc. Apxika npaypa-
TonoleiTal Todoypagia nAekTpikng avtiotaong (E.R.T.) n onoia
divel NANPOPOPIEC OXETIKA PE TN YEWMETPIA KAl TV NAEUPIKA
HETABOAR TWV UNOKEINEVWY OXNUATION@V (N.X. TV unap&n 1-
D ) 2-D d0uNG, ToV apiBuo TWV OTPWHATWY, TV EVOEXOHEVN
Unap&n kanoiag NAEUPIKNAG HETABOANRG I priyHaTog) kabwg €-
niong Kai NoIoTIKEG NANPOPOPIEC YIa To £daIKO UAIKO. O1 nAn-
pogopieg nou npokunTouv anod Tn diegaywyn Tng E.R.T. pno-
poUVv va xpnoigonoin®oUv yia To oxediaouo kal dieEaywyn
TV PeTPNOoewY M.A.S.W. kabwg kal TnG TeXVIKNAG I0IKWV Ol-
KTUWV OEICPOUETPWYV. 3TN OUVEXEId, ulonolsital n pEBodog
TNG noAUKAvaAikAG avaAuong EniPAveIakwVv KUPATWV
(M.A.S.W.) n onoia ye aveEGpTnTo TPOMNO EKTIPAEI TN VS30 in-
situ kaTa pAkog TNG eNIAEYPEVNG TOUNG. TEAOG NpayparTonolei-
Tal N TEXVIKM €10IKWV JIKTUWV OEICUOUETPWY HE BABOG diaoko-
nnong, To onoio kaBopileral and Tn {nToUpevVN ekTiunon Vs
ota npwTta 30m 1 kal og pyeyaAuTtepa Badn. H Texvikn auth
npooeyyifel kKaAUTEpPA Tnv TPICDIAOTATN €IKOVA TNG OOMNG
otnv e€stalopevn 6€on (6oov apopd Tn Vsso) dedopévou OTI
ol NNy&g nepiBailovTikou BopuBou kaTavepovTal afijoubiaka
yUpw ano auTryv. TEAoG, onoladnnoTe YEWAOYIKN nAnpogopia
(n.x. AiBoAoyikn oTAAN) undapxel 81a6€0Iun oTNV EUPUTEPN NE-
ploxn np&nel va AauBaveral unown yia Tnv TEAIKN €pUNVEIa.

>Tnv gpyacia auTr, ano TNV £pappoyn TwvV Tpiwv PEBOdwWV
npokunTel OTI n B£0n KATATACOETAI OTNV KATnyopia A Tou
EC8. Evdexopeveg anokAiosig nou sugavilovral 6gov apopd
TN Vs3o 0@eiAovTal 0To YEYOVOG OTI N TEXVIKH €10IKWV JIKTUWV
osIoPoNETPpWY anodidel pia TpIodiaoTaTn €ikova Tng 6€ong, n
M.A.S.W. ekTipdel Tn Vsso Katad PAKoOG HIag TOPAG Kal n HéBo-
doc Downhole onueiaka.

O napanavw ouvduacouog pedddwv Pnopei va uhonoinbei os
pia npepa pe 3 €wg 4 ATopa KAl OUVENWG anoTeAEl Hia ypn-
yopn, XapnAoU kKOOTOUG unooxopevn peBodoloyia xapaktn-
pIohoU TnG Béong pe Baon Tn Vsso. Eival autod-gAeyxouevn,
Kabwg kaBe péBodoc npooeyyilel TN Vsso WE OIAPOPETIKO
TpONo, yeyovdg nou npooBeTel oTnv aglonioTia TnG.

EpwTnua npog diepelvnon anoTeAei N NAEUPIK HETABOAR nou
napaTnpeital otnv ERT kaTI To onoio 8a epsuvnBei nepalTéEpw
pe eninAgov peTpnoeig ERT og napakeipeveg Béoeig. Mpog To
napwv pia niavn eppnveia Tng Baaiopévn kai ota dUo diago-
PETIKG NPOo®IA Vs nou npogkuwav anod To diaXwpIioPod Tou
deiypaTtog dedopévwy anod To shot oTo PHETO TNG TOURG (23m)
unopei va eival n napoucia piag {wvng pAYHATOG MNOU TEUVEI
ME ywvia Tnv Topr kal nou udpo@opei. ‘Eva TEToI0 HOVTEAO
unopei va dikaloAoyAaoel TIC XaUNAOTEPEG AVTIOTACEIC OTO BO-
pelo TURHA evw napdAAnAa pnopei va dikaioAoynoel kai To
YEYOVOG NWG Pnxavikd cupnepipeperal Aiyo kaAUTepa and 1o
vOTIO TURHA, TO onoio gival EvTovoTEPa anocadpwHEVo.

‘Evag akopn Tponog yia va epeuvnBei auTn n NAEUPIKN HETA-
Baon €ival n TonoB£TNoN CEICHOMETPWY avd 5m kaTd PRKog
TNG TOMNG Kal n €pappoyn TnG YeBodou HVSR yia Tnv napa-
YWY Tou @acuaTikoU Adyou Tng opilOVTIaG-npoG-KaTako-
puUPn CUVIOTMOA TWV ENIPAVEIAKWV KUPATwV. Eniong, 6a ni-
Tav evdlaPEPOV va Yivel ouvdUAoHOC TWV OEIOHIK®OV JEJ0ME-
vV ano OAeg TIG peBOOOUG yia TNV napaywyn piag eviaiag
KAunUANG ok€daong PE Ta GUVOAIKG GQAAPATA TG, MpIV TN
d1adikacia TngG avTioTpoPng. TEAOG, BEwpPOUPE NWG yia TNV Ka-
AUTEPN TeEKUNPiwoN TNG heBodoAoyiag nou epapuoodnKe aTnV
€pyacia auTn eival anapaitnTn n €@appoyn kai Aeyxog Tng
Kal o€ AAAeg B€oeig aoTikoU nepIBAANOVTOG PE S1aQOPETIKA
XapakTNPIOTIKA uneda®iag dOUnG.
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Tunnel failure trends and risk management

Spyros Konstantis and Prof. Panos Spyridis, both Di-
rectors of Ruler Consult, delve into the statistics of
tunnel failures from 1980 to 2019 and explain the im-
portance of good design and construction practices
and of risk management in minimizing the possibility
of such events in the future

Every stakeholder involved in the tunnelling industry, includ-
ing the construction insurance market, knows and has
learned the easy, or indeed the hard way that tunnels and
underground works are a risky business. These unique struc-
tures are subject to a diversity of inherent uncertainties as-
sociated with the geotechnical, hydro-geological and physical
environment that surrounds them. On many occasions, the
associated risks can materialize, leading to loss events with
substantially high adverse impact on reinstatement cost, in-
curred delays (particularly when Delay in Start Up coverage
is provided), reputation and third parties, to name a few.
Substandard design, poor project management practices, un-
foreseen and unforeseeable ground conditions, aggressive
project timelines leading to taking shortcuts to avoid
LDs/penalties or achieving bonuses, compressed budgets and
application of innovative techniques not yet fully tested and
validated, are some of the factors which contribute towards
an increased probability of risk materialisation and failure
events. It was due to a number of such high impact losses
and the consequent reluctance of the insurance market to
provide coverage for underground works that led to the in-
troduction of the Code of Practice for Risk Management of
Tunnel Works in 2006 (ITIG, 2006 & 2012).

In the underground construction industry, there is currently
an understanding deficit on past tunnel failures, due to the
inherent human tendency to promote our own successes but
avoid sharing our failures in a public forum. Lessons learned
exercises and initiatives are indeed carried out but they usu-
ally take place in in-house forums or in informal discussions.
This is the case primarily due to commercial sensitive infor-
mation involved, such as insurance losses and delays, not
being formally released to the public and the associated cor-
porate reputational consequences. Attempts were made in
the past to create a database with tunnel failures (Souza,
2010; CEDD, 2015; Konstantis, 2016). This article expands
on this previous work and looks at all the significant tunnel
failures which occurred between 1980 and 2019, recording
the important tunnel characteristics and parameters and fail-
ure type. An effort was made to demonstrate that there are
certain contributing factors that are persistently involved in
tunnel failures which can be eliminated or significantly re-
duced in the framework of a pro-active and targeted risk en-
gineering and management approach (Konstantis, Denney
and Tillie, 2014).

Tunnel failure causes

A tunnel can fail (or succeed) due to a number of independent
or interrelated reasons, with the highest contributing param-
eters being the level of understanding of the geotechnical/ge-
ological conditions, the design approach, the excavation
method, the workmanship and the construction supervision.

A tunnel construction can be undermined by a poor level of
understanding of the physical and mechanical properties of
its surrounding geo-materials and the adequate identification
of potentially hazardous in situ conditions and ground fea-
tures, such as faults, water bearing lenses and boulders (Fig-
ure 1). A poor design, lack of expertise and experience, su-
perficial knowledge of the ground and surrounding conditions
combined with a low level of risk awareness on the designer’s
side, increases the risk profile of a tunnel project. The choice
of a non-appropriate construction method based on incom-
plete knowledge of the ground conditions can lead to in-
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creased probability of failure and can have detrimental con-
sequences in the project budget and schedule when long lead
equipment need to be rescued or replaced, such as a trapped
or halted TBM. Equally important, incorrect implementation
of the selected construction and excavation method, poor
workmanship, late and improper installation of support
measures, lack of a rigorous instrumentation and monitoring
plan with early warning systems and absence of advance
probing and assessment techniques increase the probability
of a failure event.
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Figure 1. Illustrating the importance of adequately identify-
ing potential hazardous conditions (Reiner 2011)

Based on available statistical data, tunnel failures and col-
lapses can primarily be attributed to design and construction
errors with design errors corresponding to 40% (Reiner,
2011) and accidents making up 20% of all failures (Spyridis
and Proske, 2020). Using extensive databases and cata-
logues for tunnel collapses, it was assessed that the failure
rate of a tunnel is in the range 10-2 to 10-3 per year (Spyridis
and Proske, 2020). Hence, a robust design which ideally is
independently verified by a competent and experienced third
party, a well experienced and meticulous team for the con-
struction execution and high-quality workmanship specifica-
tions and supervision would reduce the risk of failure signifi-
cantly. It should however be noted that since there is no com-
prehensive unified tunnel design standard, each tunnel is de-
signed to a different level of safety as set by each responsible
authority.

Database and results

The generated database only looked at failures post 1980
considering that this is when modern tunnelling techniques
started to be widely applied. The starting point was the work
presented by IMIA 2006, MunichRe 2006, Reiner 2011, CEDD
2012 and Konstantis 2016 where a total of 68 tunnel failures
were listed. Following a comprehensive literature review and
search in the technical news domain, a total of 378 incidents
were recorded, however for some cases very little infor-
mation was available and these were discarded. Each entry
into the final database included at least 3 significant param-
eters, resulting in a partially incomplete dataset. The param-
eters recorded when information was available were the fol-
lowing: tunnel use, failure type, failure cause, tunnel length,
tunnel diameter, overburden, excavation method, geological
conditions, rock/soil, stress conditions, water conditions, por-
tal failure, third party impact, fatalities, monetary losses and
schedule delays.

Figure 2 shows the pie charts for the type and excavation
method of the recorded tunnel failures during construction.
It can be seen that approximately three quarters of the fail-
ures occurred in rural areas (assuming that rail, road and
hydro tunnels are primarily excavated in mountainous ter-
rains), where ground investigations are usually limited, thus
increasing the risk profile of the tunnel (see Figure 1). The
excavation method primarily depends on the geology, the
tunnel length and third-party impact considerations. Almost
half of the failures are associated with NATM/SCL/SEM meth-
ods of excavation. In a broad categorization of mechanized
(TBM) versus conventional excavation methods, the failure
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percentages are roughly one third and two thirds, respec-
tively.

A

(5]
Corill and Blast

CkC
Cutand Cover

M Road @ Metro @ Rai M Hydro B NATM @ TBM B DER B CEC

Figure 2. Type (left) and excavation technique (right) of
tunnel failures during construction (Dallavalle, 2020)

Table 1 is presenting the number of incidents per excavation
method and failure type.

Number of Incidents

Excavatiom Method

Failure Type C&C D&B NATM TBM

Face collapse

Overstressed support

Crown wedge collapse

Fire

Other

With regards to geological conditions, the split between rock
and soil for failures during construction is 64% and 36%, re-
spectively. Figure 3 shows the prevailing ground conditions
in the tunnel failure cases where it can be seen that 56%
occurred when excavated through four main sedimentary
groups - sandstone, shale, marlstone and limestone. It is in-
teresting to note that NATM failures occurred 44% more in
rock than in soil while TBM failures occurred 8% more in soil
than in rock.

m Sandstone

u Shale

» Marlstone
Limestone

m Schist

m Granite

m Chalk

mGneiss

m Slate

m Metasediments

mCoal

= Mylonite

® Volcanics

m Other

Figure 3. Prevailing ground conditions in the tunnel failure
cases (Dallavalle, 2020)

With reference to the excavation area, the highest number of
failures occurred for tunnels with diameter in the range of 9m
to 13m for NATM tunnels, which is the typical diameter of
double track metro tunnels and metro station caverns and
highway tunnels, respectively. For TBM tunnels, the highest
number of failures is observed for diameters in the range of
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3m to 6m and 7m to 10m, which are typical for water con-
veyance tunnel schemes and single and double track metro
tunnels, respectively. From Figure 4, it can be seen that the
number of TBM failures decreases with increasing diameter,
while the opposite is observed for NATM tunnels. The larger
the diameter, the higher the probability of face instabilities
due to the bigger exposed face area and possibly due to
mixed face conditions. For the TBM case, this is counterintu-
itive based on the database set. Although there are less
larger diameter TBMs operating worldwide in comparison to
smaller diameter, a possible explanation could be that with
the application and implementation of emergency response
systems and equipment (such as emergency slurry pumps)
and the increased risk awareness with large diameter TBMs
given the higher reputational burden of such high profile pro-
jects, fewer failures are observed for larger diameters. For
smaller diameter TBM tunnels, a possible explanation could
be that the project teams become complacent and although
proper risk management practices may be in place, these
may not be strictly followed and collapses may occur due to
operating in semi closed mode to achieve higher advance
rate, for example, or not performing advance exploration
methods, etc. For the NATM tunnels, the advancement is di-
vided in phases as the diameter increases, however the ab-
sence of active face pressure and possible weak zones pre-
sent on the face contribute to the increase of the failures as
the diameter increases.

Number of Failures
Y
=

o 14 45 a6 bt -8 89 S0 8-t HA2 123 13 15 #5
Tunnel Diameter Range (M)
B Orill & Blast ™ HATM B TEM

Figure 4. Number of tunnel failures per diameter range for
different excavation methods

Figure 5 shows the tunnel failures distribution per overburden
range for rock and soil conditions. For the soil conditions, the
bulk of the failure cases are observed for overburdens up to
50m. For higher overburdens, there are usually no soil for-
mations present and the failed cases are probably due to en-
countering weathered of fault zones in mountainous terrains.
With regards to the failure type, face collapses are as high as
72% in metro tunnels which are the shallowest. For the rock
conditions, the highest number is observed for overburdens
between 20m-50m (typically soft or weathered rock condi-
tions), 100m to 250m and more than 500m (typically stress
induced failures, wedge collapses or weathered zones).

For tunnels during operation, fire and earthquake account for
82% of all the incidents, while fire is responsible for 90% of
the fatalities recorded (Figure 6). It is interesting to note that
no fatalities have been recorded due to earthquakes, which
provides a further proof that tunnel structures are resilient to
earthquake events.

Following the implementation of the Code of Practice for Risk
Management of Tunnel Works in 2006, it is apparent that
there is a downward trend in the number of tunnel failures
which is very positive. This trend has also been identified by
(Spyridis and Proske 2020), while the authors are generally
aware of an - otherwise undocumented - consensus in the
market that the establishment of this Code improved safety
in tunnelling. Based on Ruler’s experience in carrying out risk
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engineering surveys in infrastructure projects worldwide, the
project stakeholders tend to exhibit an increased risk aware-
ness and although in many cases they are not familiar with
the Code, the implemented practices and approaches are fol-
lowing the spirit of the Code.
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Figure 5. Number of tunnel failures per overburden range
for rock and soil ground conditions
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Figure 6. Failure types (left) and fatal incidents (right) dur-
ing tunnel operation (Dallavalle, 2020)

Insurance losses

Given the sensitive nature of commercial information related
to monetary losses and schedule delays, there is a shortfall
of insurance related information on specific tunnel losses.
Based on the information available in the public domain, the
monetary losses and schedule delay frequency distributions
were created (Konstantis, et. al, 2016).
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Figure 7. Number of incidents during tunnel construction per
year and the impact of the Code of Practice for Risk Man-
agement of Tunnel Woks (Dallavalle, 2020)
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Figure 8. Frequency of insurance monetary loss (left) and
schedule delays (right) due to tunnel failures (Konstantis,
2016)

Insurance losses seem to span a wide range of values, even
exceeding US$150M. However, they exhibit a rather normal
distribution for values up to US$50M, with a mean value of
approximately US$10M to US$15M, but an elongated tail to-
wards higher values and a peak in the range of US$100M.
The bell-shaped probability density function for this distribu-
tion appears to be in good agreement with most tunnel limits
in the majority of placed construction insurances policies.
However, we can also identify cases with very high impact/
very low probability of occurrence. Looking at the schedule
delays, there is almost a normal distribution for delays up to
approximately 1 year. These values could be considered in
good agreement with common practice experience. Delays
up to 1 year, which correspond to one standard deviation,
seem to be quite often and regular, whereas more severe
ones can be considered as limited and particular cases. In
addition, effort was put into identifying any potential relation-
ship between the insurance cost and the corresponding de-
lays that the same project has suffered. Figure 9 illustrates
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this, with the potential of a linear trend being established,
neglecting of course the outliers and extreme cases. One in-
teresting finding is that there are cases illustrating a very
small economic loss but with significant time delays.

130 | y=2.4119x - 14.862
R*=0.7249 *

MOTE: Extreme values
have been excluded

L J

Insurance Cost (LUSDm)

T
[+] 3 ] 9 12 15 18 21 24 27 30 33 36 3% 42 45 48 51

Project Delays (Months)

Figure 9. Insurance losses versus project delays (Konstan-
tis, 2016)

Risk engineering management

Despite the inherent uncertainties associated with the design
and construction of tunnels and underground works and the
various aspects and factors with significant adversarial influ-
ence, a proactive risk engineering management attitude and
probabilistic approaches (see also ITA, 2006) can efficiently
contribute in reducing the size and frequency of major inci-
dents. A higher risk reduction level is achieved when all im-
portant lessons learnt from past failures are integrated in a
continuous updating process. Actions can be taken from the
conceptual stage to operation, in order to mitigate, or even
eliminate, construction failures and their consequences.
These actions and the associated mitigation measures must
be clearly documented in structured and formalized risk reg-
isters, which can also be part of the contract documents (R.
Goodfellow, J. O'Carroll, S. Konstantis, 2014).

During the early and tender stages, all the available and rel-
ative information must be conveyed to the tenderers to ena-
ble a proper risk assessment and evaluation which will in turn
inform accordingly the design approach and construction
methodology and equipment to be used, thus reducing the
probability of failure events. Equally important is the ground
investigation scheme. Its extent, suitability and relevance to
the individual project can be crucial in timely identifying the
exact ground conditions and the existence of any major fea-
tures capable of jeopardizing the safety of the works. The
design stage has the dynamic to influence the risk profile of
a project. A proper and well established design approach and
management plan and a risk oriented philosophy is a major
contributing factors and line of defence against future failures
and corresponding losses. As mentioned above, design errors
account for a significant percentage of the tunnel failures. In
this regard, probabilistic assessments under uncertainty can
provide a decision framework for design improvement and
optimization (see for instance Konstantis, Spyridis and Gakis,
2016). Moving on to the construction stage, it is equally im-
portant that the design is implemented without deviations or
is appropriately adjusted to the in situ conditions following a
rigorous risk assessment and effective change management
process. Probe drilling ahead of the tunnel face can be ex-
tremely beneficial and avert any forthcoming disaster by
providing critical information on the existing conditions to be
encountered.

Risk Engineering Management must encompass the above in-
dicative and non-exhaustive elements in a structured man-
ner, adopting a pro-active approach that spans from the con-
ceptual and insurance pre-placement stage until the comple-
tion and handover of the project. The first step is to under-
take a benchmarking exercise against the Code of Practice
for Risk Management of Tunnel Works in an effort to review
the risk management frameworks of the project. In addition,
Risk Engineering surveys must be carried out at regular in-
tervals with the aim to identify the ongoing risk profile of the
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project and ensure continuous adherence to the Code of Prac-
tice principles. In view of providing a proper and adequate
insurance coverage of the tunneling works, the tunnel loss
limits adopted in the Insurance Policy is a key driving ele-
ment. Project hazards and associated risk scenarios and as-
sessments must provide a realistic estimation of the Probable
Maximum Loss.

The complete elimination of risks in tunnel construction is
utopic. However, by implementing proper risk management
practices and exhibiting a high risk awareness and attitude,
we can collectively reduce both the probability of occurrence
and the magnitude of consequences to acceptable levels. In
this regard, communicating our failures and learning from
them is a key risk mitigation measure.”
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napeixe enavartpo@odoTnon OXETIKA PE Ta dedopéva Kal TIG
anowyeIg nou MepIEXOVTAl 0 auTo PE okonod Tn BeATiwon Twv
e€ayOuevwy anoTeAEOPATWV Kal TRV ano@uyn moavwg Aav-
Baopevwv cupnepacpaTtwv. O oxXeTikdg didAoyog Ba dnpo-
oleuTel 0 pia and TIGC enOpeveg €kOOOEIC TOU MEPIOdIKOU
Tunneling Journal. NapakdTw napatibevral Ta kUpia SIEUKPI-
vIOTIKG onueia:

Ruler Consult (Spyros Konstantis): In our analysis we
only used the publicly available data related to the recorded
tunnel failure cases. We did not normalize the findings with
all the constructed tunnels worldwide that did not have issues
as this information does not currently exist in a comprehen-
sive database. In the most relevant study provided by Spyr-
idis and Proske (Revised Comparison of Tunnel Collapse Fre-
quencies and Tunnel Failure Probabilities, 2020, in press), an
estimate was made about the total number of tunnels exist-
ing worldwide, including the average tunnel length in some
countries, from which the total km of driven tunnels could be
roughly estimated (based on growth rate trend, etc). How-
ever the confidence level would not be high enough to draw
definite conclusions, given all the uncertainties and assump-
tions involved. In addition, in the same study, there was no
split between all the different tunnel uses to be able to esti-
mate the relative performance of the four sectors (road,
metro, rail and hydro). I believe the contribution of the ITA
and the country members would significantly assist in this
direction in order to acquire, for the concerned period 1980
to 2019 of the failure database, reliable data and information
for the number and type of tunnels driven worldwide, includ-
ing tunnel use, length, diameter, construction method,
ground conditions, etc. We will then be able to normalize the
data accordingly and provide a measure of the relative per-
formance of each construction method.

Ruler Consult (Spyros Konstantis): From the literature
review that was conducted in order to create the database,
we recorded the geological formation which was present in
the location where the tunnel failure occurred. Likewise, due
to the absence of the overall relevant information for all the
tunnels constructed worldwide without any issues, we did not
normalize the findings. When in soil type formations (typical
for low overburden), the failure mainly occurs due to the low
geomechanical strength and deformability characteristics of
the unit. In rock type formations (typical for higher overbur-
den heights), the failures are usually to be attributed to the
presence of weathered and weak zones, faults and local dis-
turbed zones, bands with entrapped water under pressure,
etc. From all the recorded cases, the highest percentage oc-
curred in sandstone. Of course, this does not necessarily im-
ply that tunneling in sandstone has by nature a higher risk
profile and of course we can not linearly link failure to ground
conditions when so many other variables have a significant
contribution to a potential failure scenario. It could however
be treated as a sign of caution that when tunneling through
sandstone or similar geological formations, a higher risk
awareness should be present based on the historical records.

Ruler Consult (Spyros Konstantis): With reference to Fig-
ure 4 in the article which plots the TBM diameter of the tunnel
failures frequency, it was observed that the number of TBM
failures decreases with increasing diameter and this is most
probably due to the fact that there is a fewer number of larger
diameter TBMs operating worldwide in comparison to smaller
diameters. It was also pointed out that the larger the diame-
ter, the higher the probability of face instabilities due to the
bigger exposed face area and possibly due to mixed face con-
ditions. It was emphasized that due to the much wider pub-
licity that the large diameter TBMs are attracting and the
higher financial and reputational burden in case of a failure,
these larger diameter machines (often innovative indeed as
they have to cross the current technological limits) receive
higher attention to mitigate the identified risks. This aspect
though does not guarantee that the larger diameter TBMs will
be safer compared to the smaller diameter machines. The
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risk mitigations discussed in the paper can certainly reduce
the risk profile of the larger diameter TBMs but of course
more attention should be paid in these challenging and very
often innovative cases.

Ruler Consult (Spyros Konstantis): The presented data
does not include cases where the source of loss was ingress
of external water, such as rainfall run-off and flood. We have
recorded cases with notable water ingress but these are re-
lated to a local failure or a generalized collapse at or close to
the face area. Losses attributed to water ingress from exter-
nal sources are increasingly attracting the attention of tunnel
project stakeholders as they are easily identifiable and can
be sufficiently mitigated to acceptable levels with proactive
risk management. In the risk surveys which Ruler Consult is
conducting in various projects worldwide, we note an in-
creased awareness trend towards mitigation of external wa-
ter ingress risks, both in the temporary and permanent
works. Simple measures that can be implemented include the
construction of an upstand or a parapet around shafts and
openings, the presence on site of emergency dewatering
pumps with quick deployment time as well as deployable wa-
ter barriers where a permanent installation may not be prac-
tically possible. In any case, it is essential to carry out a com-
prehensive flood risk management study for the considered
flood return period in order to determine the appropriate
threshold levels of the structures, including any freeboard as
an additional safety margin, and ensure successful imple-
mentation of the flood risk control measures.
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What Makes Sand Soft?

Understanding how grains flow is vital for everything from
landslide prediction to agricultural processing, and scientists
aren’t very good at it.

What is the softest sand in the world? Why is some
sand softer than others?

— Peter S., Brooklyn

We don’t know. No one understands how sand works.

That may sound absurd, but it’s sort of true. Understanding

the flow of granular materials like sand is a major unsolved
problem in physics.

AREAS OF PHYSICS BY DIFFICULTY
HARDER———>

. Ll eng
&) S O

NEWON'S SPECIAL  QUANTUM MECHANKCS, SAND
LAWS  RELATVITY GENERAL RELATMITY

If you build an hourglass and fill it with sand grains with a
known range of sizes and shapes, there is no formula to reli-
ably predict how long the sand will take to flow through the
hourglass, or whether it will flow at all. You have to just try
it.

Karen Daniels, a physicist at North Carolina State University
who studies sand and other granular materials — a field ac-
tually called “soft matter” — told me that sand is challenging
in part because the grains have so many different properties,
like size, shape, roughness and more: “One reason we don't
have a general theory is that all of these properties matter.”

SAND GRAIN PROPERTIES

ROUGHNESS

But understanding individual grains is only the start. “You
have to care not just about the properties of the particles,
but how they're organized,” Dr. Daniels said. Loosely packed
grains might feel soft because they have room to flow around
your hand, but when the same grains are packed together
tightly, they don’t have room to rearrange themselves to ac-
commodate your hand, making them feel firm. This is part of
why the surface layers of beach sand feel softer than the lay-
ers underneath: the grains in the deeper layers are pressed
closer together.

Our failure to find a general theory of sand isn't for lack of
trying. For everything from agricultural processing to land-
slide prediction, understanding the flow of granular materials
is extremely important, and we just aren’t very good at it.

“People who work in particulate handling in chemical engi-
neering factories can tell you that those machines spend a lot
of time broken,” Dr. Daniels said. "Anyone who's tried to fix
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an automatic coffee grinder knows they get stuck all the time.
These are things that don’t work very well.”

Luckily, we're not totally in the dark, and can say a few things
about what makes sand softer or harder.

Sand with rounder grains usually feels softer, because the
grains slide past each other more easily. Smaller grains also
don’t produce the pinprick feeling of individual grains press-
ing into your skin. But if the grains are too small, moisture
causes them to stick together, making the material feel
clumpy and firm.

INDUSTRIAL ANAKIN
ENGINEERS ~ SKYWALKER

LKE
SAND

Dr. Daniels said that the softest granular material she had
ever touched was a substance called Q-Cell, a silica powder
used for filling dents in surfboards. The powder is made of
hollow grains, so it feels extremely light, and the silica mate-
rial stays dry, which keeps it from clumping. She compared
the way it sloshes around to a bucket full of very fine, very
dry beach sand.

A beach made of Q-Cell “sand” might be soft, but it wouldn't
be very pleasant. Fine, dry powders are dust, not sand, and
inhaling them can be extremely hazardous to your lungs. The
ideal beach sand would probably have a grain size and shape
that balanced softness, dustiness, clumping and a variety of
other properties that make sand soft and nice to walk on.
With so many subjective factors to consider, it's hard to say
exactly what the ideal soft beach sand would be.

You'll just need to gather some experimental data.

FURTHER RESEARCH IS NEEDED

- =.=-:-—-‘.—_'h-“=-—;-;"7

(Randall Munroe / The New York Times, Nov. 9, 2020,
https://www.nytimes.com/2020/11/09/science/what-
makes-sand-soft.html)
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Fractality in Geomechanics
Gerd Gudehus

Abstract The cognition of natural soil and rock, called geo-
matter as it is not a simple material, is impeded by opaque-
ness and wild randomness so that Aristoteles’ induction and
Popper’s demarcation of theories are seemingly insufficient.
This can be attributed to critical phenomena with seismoge-
neous chain reactions which exhibit fractal features, leave
back permanent traces and elude mathematical treatment in
general. In the stable range of grain fabrics buckling force
chains cause a heat-like micro-seismicity which activates re-
distributions and can be captured mathematically. This is no
more possible for chain reactions due to a positive feedback
by seismic waves and pore water diffusion, with sizes from
sand-boxes to subduction zones. Successions of them can be
captured probabilistically by power laws with lower and upper
bounds, which should be estimated in a rational way for
keeping the geotechnical risk acceptably low. For this aim one
should reduce deficits and avoid defects of cognition

1 Introduction

The similarity of sand and rock can get visible at the beach
(e.g. Fig. 1). It implies self-similar roughness, i.e. geomet-
rical fractality. One could estimate fractal dimensions of rims,
profiles and surfaces with Mandelbrot's [20] box-counting,
but this is left aside as generating mechanisms elude yet
mathematical treatment. I focus on internal mechanisms
which are intricate enough because of their triple fractality,
viz.

Fig. 1 Self-similarly rough sand structures of ca. 0.3m
height at the beach: a) mountain ridge (photo R. Gudehus),
b) cliff (photo M. Poblete)

e spatial: the solid mass ms in a cube increases with its
length d by ms = ms (d / dr)® with an exponent ca. 0.9
< g < 1 as the pore system (nopog = passage) is geo-
metrically fractal;
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e temporal: seismic spectra tend often to v? oc 1 / £ with
ca.09<B<1;

e episodic: successions of collapses with released energy E
or more occur often with a number N = N, (E /E;)Y and an
exponent y near 1.

This holds true approximately within lower and upper cutoffs,
and the fractal exponents are not constant. Spatial and tem-
poral distributions of geomechanical quantities may be con-
tinuous, but are not differentiable so that gradients and rates
do not properly exist. Sets of events are wildly random [21]
so that a single event can matter as much as the sum of all
smaller ones [22]. Geomatter is not a simple material in [35]
sense, and geomechanics is no continuum mechanics:

e the solid partial stress, spatially distributed in fractal force
chains via contact flats of grains or rock fragments, is no
force density in Cauchy’s sense;

e rearrangements of the solid fabric are no deformations as
displacements are not differentiable, and as there are no
unique reference configurations except for the vicinity of
solids;

e capillary effects enable metastable fractal fabrics of grains
and rock fragments;

e even in a stable range constitutive relations for solid and
pore fluid in the usual sense cannot strictly hold true for
lack of gradients and rates;

e fractal pore systems force an anomalous diffusion of
masses, energies and momentum already in the stable
range;

e at the verge of stability geomatter passes through phase
transitions in wildly random chain reactions;

e there are no initial states and boundaries in a classical
sense.

Nevertheless there are systematic features with the aid of
which geotechnical engineers can and should reduce the risk
of operations. This is outlined first for the stable range of
grain fabrics where a mean-field theory suffices as long as
fractal relics matter little (Sec. 2), then for sand deposits with
shear bands or liquefaction (Sec. 3). The outline is continued
for rock from samples to subduction zones where conven-
tional concepts fail more often (Sec. 4). I turn then to random
successions of critical phenomena and to the geomechanical
risk (Sec. 5), thereafter my desiderata refer to cognition def-
icits and defects (Sec. 6).

2 Sand in the stable range

Fabrics of grains, called granular solids by physicists, exhibit
fractally distributed stress fields with force chains as no two
grains are equal. At equilibrium they have a specific elastic
energy we, depending on invariants of the elastic strain e
and the void ratio e, which is the potential of stress by o' =
O we=0 €% [11]. Deforming a fabric causes buckling of force
chains in a random succession, e.g. Fig. 2.
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Fig. 2 a) Rubber mould enclosing corundum grains under
vacuum, b) acoustic emission due to axial loading [10]

Audible collapses occur practically synchronous with the
drive, i.e. the response is rate-independent, and get more
marked with an increasing stress ratio. Up to a critical point
each one is accompanied by a minute rearrangement, then a
noisy bulging indicates an avalanche-like succession of buck-
ling force chains so that a new equilibrium is attained only
after a big rearrangement.

The micro-seismicity, with frequencies from an audible part
up to eigenvalues of grains, is incoherent in the stable range.
It goes over into heat instead of being conserved as the in-
teraction of grains is not conservative like the one of mole-
cules. Coming in jerks due to an imposed deformation or
load, it activates rearrangements with a relaxation of elastic
energy. This is missed in discrete element simulations with
an artificial viscosity, whereas physicists calculated seismic
energies and fluctuating parts of elastic energies at equilib-
rium by means of event algorithms [16]. Thus the force-
roughness means a latent seismicity [3] which is waked by
deformations imposed to the grain fabric.

The dynamics of granular solids is determined by elastic and
micro-seismic energies which go over into heat at dislocating
grain contacts. In their ‘granular solid hydrodynamics’ (GSH)
[12] proposed a relaxation of elastic energy with a rate pro-
portional to a granular temperature Ty by means of a factor
A, and obtained a hypoplastic relation for monotonous defor-
mations. In a subsequent paper [6] we showed that defor-
mations with cyclic portions cause a kind of plastic flow like
in the high cycle accumulation (HCA) model by [27]. How-
ever, the differential response at reversals is always elastic
as the half-life of Ty is far shorter than the pause of defor-
mation during a reversal. Thus GSH underestimates hyster-
etic and cumulative effects in general, and numerical simula-
tions with it are intricate.

I propose instead evolution equations with a hidden state
variable x named eutaraxy (eu=favouring, Tdpaéi¢ = disturb-
ance) [5]. Therein TgA of GSH is replaced by xde / dt, with an
amount of stretching g, for the relaxation of €%; so that its
evolution is rate-independent. The evolution equation of x
has a term for driving and a second one for halting, both
proportional to de=dt, with a switch function depending on
the sign of d?c / dt?. Thus x can reach a hypoplastic limit for
monotonous deformations and can approach zero for non-
monotonous ones with small amplitude. Rates of fabric stress
are related with the ones of £%; by an elastic energy we and a
transfer factor a almost like in GSH, but we has a critical point
at emax instead of emin and a depends on x instead of T.

This constitutive model, named GSD-EH for brevity, captures
the observed sand behavior in the stable range up to its verge
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with few parameters which can be determined with triaxial
tests - but why and how far? The micro-seismicity - observ-
able as crackling noise - arises in fact alongside with an im-
posed deformation and does not depend on ¢’ and e. It ac-
tivates intergranular dislocations which are aligned by £, i.e.
by o’ via we and a, and with a rate in proportion to the one
of strain and to the propensity for micro-seismicity, i.e. to
xde = dt. The transfer factor a is the same for motions and
forces, like in a bicycle with a belt instead of a chain connect-
ing discs instead of toothed wheels. Due to an erratic stick-
slip the drive is transferred with a loss factor 0 < g < 1 both
kinematically and statically. With driving x grows up to a sat-
uration value in the hypoplastic range so that it gets con-
stant. An isochoric continuation leads to a critical state with
a mean effective pressure p‘(e), but no more for € — emax as
then a granular solid collapses into a granular fluid.

Halting of an imposed deformation means a reduction of x
due to its relaxation by the dwindling xde / dt. The simulta-
neous reduction of the transfer factor @ and the elastic pres-

sure p¢ = % Awe / &° keeps the fabric pressure p’ = (1-a)p®

constant, this leads to a « x.x — 0 requires a halting defor-
mation which is hardly achieved after a hypoplastic state.
However, repeated reversals with a small amplitude lead to
X near zero so that the response gets nearly elastic, except a
cumulative part like in the HCA model of [27]. Cyclic attrac-
tors - i.e. asymptotic state cycles [3] - are also captured,
particularly butterfly-like ones for isochoric cyclic defor-
mations and lenticular ones for isochoric ratchetting.

GSD-EH works at best up to the verge of convexity of we as
then critical phenomena arise (Sec. 3), but no more with rel-
ics of critical phenomena. Those with shear bands mean frac-
tal spatial fluctuations of the void ratio e, which are hardly
ironed out by seismic actions (oeiw = to shake) via attractors
in the large [3]. Therefore wave propagations in the stable
range are accompanied by an energy diffusion [7] so that
power spectra tend to v? « f-2? with a fractal exponent a just
below 1. Fractional derivatives employed in this theory are
expected values of classical ones. If relics of critical phenom-
ena are less ironed out the average x is higher so that the
subsequent response is less elastic. As initial x-fields are un-
known in general the eutaraxy in the large causes an inevi-
table fuzziness of predictions already in the stable range.

The pore system imposes its fractality to the pore water al-
ready at and near stable equilibria. As water and grain min-
eral are neutral with respect to changes of pore water pres-
sure pw the effective or solid partial pressure is p” = p-pw in
case of full saturation. Thus water and solid are isochoric, and
so is a grain fabric without drainage. At equilibrium the hy-
draulic energy height h = hy + pw = yw, with geometrical
height hy and specific weight yw of water, is constant. Slow
deviations are usually captured with Darcy’s relation vw = kr
Vih of seepage velocity with the hydraulic gradient. However,
the thus presumed derivatives do not properly exist with a
fractal pore system. Like with the wave propagation indicated
above constitutive relation and mass balance of pore water
should be written with fractional operators which represent
expected values of classical ones in a fractal random set.
Then solutions can represent an anomalous diffusion without
inadequate notions like laminarity and tortuosity.

The fractality of granular pore systems matters more with
capillary effects. In case of multiply-connected pore gas
Bishop’s heuristic relation for p’ can still be proven with equi-
librium thermodynamics [13], and the authors capture now
also the capillary hysteresis. Like with full saturation the
transport of pore water and gas could be modelled with frac-
tional derivatives. If pore gas is enclosed its spatial distribu-
tion - known as fingering and gas islands - gets less regular
so that fractal random sets require fractional images already
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at equilibrium. Capillary bridges enable grain fabrics with ag-
gregates and macropores which are metastable for e>emax as
they collapse into a suspension after flooding (Sec. 3).

Robust geotechnical systems enable indifferent limit equilib-
ria, i.e. dissipative transitions to infinitesimally neighbored
configurations with the same overall potential energy. Apart
from geometrical effects as with toppling or pull-out, then
limit equilibria with a realistic set of mechanisms and with
ductile shear resistances 7+ are not only necessary, but also
sufficient for overall stability [8]. For undrained loose water-
saturated sand t f is at least the one determined by GSD-EH
from critical states with (emax - €)/(€max-emin) and ¢c. Drained
sand has at least 7r = 0" tan¢, but fabric pressures o’ can be
estimated at best for slopes and retaining structures. There
are no indifferent limit equilibria for piles, tunnel roofs and
similarly confined configurations as pressure fields are far
from statically determinate. The bound theorems of ideal
plasticity fail also in case of shaking with insufficient drain-
age, e.g. during earthquakes or offshore.

3 Critical phenomena with sand

At the local verge of stability of a grain fabric its elastic en-
ergy is at a saddle point with respect to e%;. This is a neces-
sary condition for the loss of equilibrium, which is evident
with two invariants of €;, e.g. Fig. 3. Like with a sphere on
the wrist of your hand there are two opposite directions with
a maximal release of kinetic energy; a collapse occurs with
one of them if there is no constraint. An isobarically driven
grain fabric dilates then in shear bands, thus polar quantities
arise with ¢’-alignment. Quasi-static simulations with hy-
poploastic relations, including polar degrees of freedom, yield
shear band patterns which come astonishingly close to ob-
served ones [3]. The simulated extension of a dense sand
layer yields a fractally hatched shear band pattern and a
warped surface, e.g. Fig. 4.
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Fig. 3 Blow-up of the elastic energy versus first and second
invariants of the elastic energy at a critical point with a tan-
gential plane

This quasi-static simulation could not be continued beyond
the second configuration as the equations got ill-posed. This
would also happen with a polar extension of GSD-EH,
whereas fictitious viscous terms would constitute a non-phys-
ical regularization. Inertial effects should be taken into ac-
count, but as yet nobody did that. Fortunately there is an
evidence of kinetic effects in model tests. George Darwin [1]
- second son of Charles Darwin, astronomer and mathemati-
cian - checked earth pressure theories by means of a box
filled with dry flint powder (Fig. 5). Releasing a wall with
hinges by a string he measured the resulting force with a
spring balance up to a critical point. This was indicated by a
'hissing noise’ and a sudden ’settling’ after a slow ‘unsettling’
during the release. He asked Clerk Maxwell for advice, who
stated that ‘a historical element would enter largely into the
nature of the limiting equilibrium of sand’, and concluded that
this would ‘essentially elude mathematical treatment’.
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a) Alll =10 %

Fig. 4 Simulated quasi-static extension of an initially 10 cm
long sand strip with ca. 1 mm grain size and polar quanti-
ties. State at the right boundary as at the left one with re-
flected orientation, configurations after 10 % (top) and 20
% extension (down), black zones dense, white bands di-
lated [28]

Darwin demonstrated that this ‘capricious’ behaviour refuted
the earth pressure theories of Rankine and Boussinesq. His
‘unsettling” was rediscovered by Reynolds as dilatancy, while
his conclusions were ignored until present. His hissing noise
indicates a coherent seismicity with frequencies of at least
ca. ¢s / d = 100m/s with ¢s ® 100m/s and d = 0.1m. This
arose in a contractant chain reaction within a Coulomb-like
shear zone, where the sand got close to critical points with
equal stress alignment by the release of the wall. Like with
dominoes on a table with equal alignment and suitable dis-
tances pressure waves produced a positive feedback towards
critical points. This occurred up to a surroundings with less
uniform alignment and lower stress ratio. Thus limit stress
states arose one after another, not simultaneously in a region
as often assumed since Rankine’s times.

55 or 74 inches

!'p..._-
3

[ ~

Fig. 5 Model test setup by George Darwin [1]
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Model tests with dry sand in a box are irreplaceable for un-
derstanding tectonic deformations [23]. For sand these are
localized in shear bands with stress alignment via a Mohr-
Coulomb condition, and they occur similarly with faults in the
lithosphere. Initial and boundary conditions in sand-box tests
are debatable as the lithosphere has no onset and no walls
with imposed displacements. Thus the extension of a sand
layer, e.g., can produce lithosphere-like fractal patterns [37],
but with lateral artefacts for lack of antimetric boundaries like
in Fig. 4. Model tests with periodic boundary conditions are
more adequate and yield likewise spatial fractality [31]. One
could track contractant chain reactions like those in Darwin’s
experiments by successive location of seismic sources in a
sand-box, though with an inevitable haziness because of en-
ergy diffusion [7]. Such investigations could clarify the inter-
play of slow and fast tectonic processes, and could foster cal-
culation models of seismogeneous chain reactions.

Loose flooded sand deposits demonstrate that seismogene-
ous chain reactions are also enhanced by the diffusion of pore
water [4]. Gas-filled macropores enable metastable grain
fabrics with an average void ratio &€ > emax which collapse into
a suspension after minute disturbances. A collapse front
spreads laterally by P-waves up to more than 100 m width so
that surface waves arise which are registered up to 100 km
away. As the pore pressure pw attains the total pressure p in
the liquefied zone pw rises in the vicinity by the combination
of seepage and compression of enclosed gas, i.e. a kind of
diffusion. Thus a next collapse front arises with a progression
of ca. 10 m/s, and further ones as far as the deposit is met-
astable. Combined with a humid cover this led to avalanches
with en-échelon offsets (e.g. Fig. 6) with released energies
up to ca. 109 kNm.

Fig. 6 Loose partly flooded sand deposit from lignite mining
after flow slides (courtesy LMBV)

Similar technogeneous avalanches occurred in building and
mining sites with released energies from about 10* kNm to
10%° kNm. Collapses of flooded sand into excavations or tun-
nels release smaller energies, but can also cause considera-
ble damages. Their ‘capricious’ dynamics eludes again as yet
mathematical treatment. Bigger avalanches of flooded gran-
ular solids with gas inclusions occurred naturally. The one
triggered at the volcano Huascaran (Peru) 1962 erased a
town with 20.000 inhabitants and released about 10** kNm.
Another one triggered at the Norwegian continental shelf
about 8000 years ago (Storegga) released ca. 10 kNm and
produced a tsunami.

4 Critical phenomena with rock

For employing the similarity of sand and rock indicated with
Fig. 1, I begin with triaxial test results by [18]. Critical points
of a cemented grain fabric were attained by axial shortening
or lengthening plus increase of pore water pressure pw. If the
effective radial pressure ¢’s was higher than the tensile
strength ¢’ a shear band pattern arose at a Mohr-Coulomb
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limit, Fig. 7 above. It resembles the ones in triaxial tests with
sand, and also the simulated one in Fig. 4. The few minutes
required for getting a uniform pw suit to the estimated time
needed for a diffusion of pore water [3], and the permeability
decreased due to the comminution in shear bands. The con-
fined chain reaction could be tracked by locating seismic
sources, also in a series of such experiments, this could help
develop mathematical models for such critical phenomena.

Fig. 7 Shear bands (above) and cracks (below) of water-
saturated sandstone samples after triaxial tests with high or
low effective radial pressure, respectively (winding-up pho-

tographs by Lempp et al 2018)

Critical points with 0’3 < ¢’ led to opening cracks, e.g. Fig. 7
below, and thus to a dramatic increase of the overall perme-
ability. This kind of splitting or discing by axial shortening or
extension, respectively, resembles a Griffith [2] fracture, but
eludes as yet mathematical treatment because of its wild ran-
domness. The permeability with cracks is not Darcy-like as
temporal and spatial derivatives do not exist, but could be
calculated for the linear hydraulic range with a given pore
system and boundary conditions. The evolution of crack sys-
tems is a more difficult task as the equations for the solid
degenerate at critical points, and as random sets of such
events should be constructed. Such an approach could help
understand rock collapses in situ at so low depths thats
cracks get wider.

Features like in Fig. 7 could also be obtained with humid sand
samples at low pressures. Then condensate bridges are no
more solid and brittle, but liquid and determined by the vapor
pressure so that they dwindle by dilation. The potential en-
ergy has an elastic and a capillary part, and at critical points
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localized state variables come into play. Seismogeneous
chain reactions prograde by P-waves and by diffusion of pore
water, the latter also via vapor in case of humid geomatter.
Like with Darwin’s conclusions the loss of stability cannot be
captured by conventional limit equilibria because the histori-
cal element eludes as yet mathematical treatment. A local-
ized dilation can go over into a crack if the potential energy
is at a saddle point like in Griffith’s [2] theory, but with spatial
and temporal fractality.

The striking similarity of small humid sand structures, e.g.
those in Fig. 1, with rock slopes and mountains can be ex-
plained and employed without calculations. Parts of a steep
slope or a cliff collapse suddenly after weathering up to a
critical point. Limit equilibria - as conventionally proposed
with humid sand and waterfilled cracks - may be snapshots,
but are insufficient for the judgment of stability [8]. Simula-
tions with finite elements are even more misleading if locali-
zations including capillarity and chain reactions with seismic
and hydraulic feedback are not taken into account. This holds
also true with erosion and avalanches. A seismo-hydraulic
monitoring could serve as early warning if collapse mecha-
nisms are understood with the aid of model and field tests,
which could lead to realistic calculation models including the
ever-present fractality.

This argument can also be applied to cavities. The caving in
of boreholes is usually investigated by means of numerical
simulations with radial symmetry, but thus the wild random-
ness of chain reactions with an ever-present fractality is
missed. Further damage can arise with erosion along bore-
holes if this leads to eruptions of mud, gas and/or oil. Natural
eruptions from gas inclusions with excess pressure and col-
lapses of sinkholes elude likewise mathematical treatment.
The same holds true for excavated cavities, particularly with
tunnelling. Limit states are not sufficient for the proof of sta-
bility because the shearing resistance is not perfectly plastic
as needed for the bound theorems. Presently employed
quasi-static finite element simulations require stability so
that this cannot be proven with them. Temporal extrapola-
tions of measured displacements and forces are futile as the
required differentiability gets lost with the fractality of critical
phenomena. Again a seismo-hydraulic monitoring could
serve instead for early warning if the mechanisms are
properly understood.

The fractality matters also for the identification of seismic
sources. In classical models point sources are conceived as
momentum tensors with assumed spatiotemporal distribu-
tion for getting far-field spectra, and this procedure is tenta-
tively inverted [19]. The classical Green function for a point
source can represent speeds and polarizations of wave crests
so that the ray approximation is legitimate for farfields in
spite of the energy diffusion due to an inherent fractality in
the stable elastic range [7]. Thus momentum tensor inver-
sions can convey at best a diffuse image of propagating dis-
locations. As outlined further above seismogeneous chain re-
actions differ from evolutions of regular cracks, and usual
stick-slip models are tribologically contestable [29, 9].

A possible way out of this conceptual blockade is the transfer
of findings with sand to the lithosphere, in particular to sub-
duction zones. The biggest one exists under Chile, shown e.g.
with a cross section near its capital in Fig. 8. The dots repre-
senting seismic sources accumulate in a rather fractal man-
ner in three regions. The Nazca plate (d) dips with a trench
(fosa) and hits the continental plate in a thrust zone (a). This
may be considered as a passive Coulomb zone with a contin-
ued drive. Differently from Darwin’s [1] experiments chain
reactions - with positive feedback by seismic waves and pore
water diffusion - arise repeatedly. The continued shearing of
the oceanic plate past the continental one is no more sand-
like at bigger depths (b) due to a kind of melting. There min-
eralogical phase transitions occur in shear bands without
pores, but again in a ‘capricious’ succession of critical points.
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The horizontally compressed plate under the mountain ridge
reaches critical points preferably under its rim (c) due to
spreading forces.

Coedillers Depresion Cordillera
delaCosta Central | Principal

Santiago

73 72 71 70
Fig. 8 Cross section of Chile with seismic sources [17]
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Fig. 9 Seismicity of central Chile [17]: logarithm of humber
of earthquakes with magnitude M or more. Upper line inter-
plate (thrust), middle one intraplate (subductive shear),
lower one crustal (under mountains)

5 Successions of critical phenomena and geomechani-
cal risk

Fig. 9 depicts numbers N of earthquakes for the cross section
of Fig. 8 which exceed a certain magnitude M. The regression
lines confirm the Gutenberg-Richter relation with a negative
slope or b-value near 1. M is defined as the logarithm of the
energy E released in a seismic episode, expressed in energy
units. I leave aside the determination of £ and M, presuming
that disputable details matter little for the sequel. One can
represent the straight lines by

N = Nr(E/Er)_b; Er <E=< Em (1)

with a reference number N;, a lower cutoff E; serving also as
a reference value, and an upper cutoff En. Normalizing N by
N leads to the cumulative probability

P=g = (E/Er)_b, Er<E<En (2)

that an earthquake releases at least the energy E if it hap-
pens in a region where E ranges from E; to En. So why does
(2) hold, and why with b = 1?

We consider random successions of seismic episodes with re-
leased energy E as stable Lévy processes [9]. E comes in
jumps versus time t as the duration of an episode is far
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smaller than its recurrence time. Subsequent jumps have
variable sizes with a wildly random [21] distribution which
changes with time. This property is called ‘infinite divisibility’,
and if the probability distribution is not changed by superim-
posing distributions of different observation times it is called
‘stable’. Then the cumulative probability P(&,T) of events with
& = E/E; or more at a dimensionless time 1 = t/t- satisfies the
relations

P(§T) = P(a' &, T) (3

and
P oc TEY for &E/tY > 1 (4)

The wild randomness means that P(,7) does not depend on
the one of any previous time, which is seemingly at variance
with the historical element of seismogeneous chain reactions.
However, any subsequent chain reaction occurs in another
site than the preceding one as this led to a stabilization so
that a continued magma drive leads first other sites close to
critical points. This occurs in such a way that the correlation
of successive chain reactions arising at different sites gets
lost.

If the lithosphere response to the magma drive is rate-inde-
pendent (cf. Fig. 2) P is not changed if either the energy
threshold E or the registration time t changes by a certain
factor. This means y=1 by (3) and (4), then the stable cu-
mulative Lévy distribution simplifies to the Cauchy distribu-
tion

P&, T1) =1 - (2/n) arctan(é,T) (5)

Its log-log plot (Fig. 10) exhibits a kind of plateau due to P—1
for &1 — 0, a bend near &7 = 1 and a straight line with a
slope -1 right of it by (4). Expected value and variance re-
lated with (5) diverge, this cannot occur physically and is
avoided with an upper cutoff, as assumed also in Fig. 10. A
smooth cutoff function instead of an abrupt one widens the
range of distributional stability and enables an objective scal-
ing [32]. The convergence to a normal distribution for sums
of truncated Lévy distributions is extremely slow [25].

15
0.1 4
0.01 5

0.001 4

1E-4 T T T T T T
0.01 0.1 1 10 100 1000

Fig. 10 Log-log plot of a stable cumulative Lévy distribution
with g = 1. Cumulative probability P versus x = t, cutoffs
forx/t—>0andx/t > o

The comparison of (2) and (4) supports a stationary Guten-
berg-Richter relation with b = 1. An upper bound Emn of re-
leased energy is determined by the biggest possible chain
reaction in a considered region. It could be estimated as Em
= Fmum by means of the length and depth of a thrust zone
with uniform alignment, leading to a Coulomb-like resisting
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force Fm, and the biggest possible sudden tectonic displace-
ment um. This leads to E = 10*® kNm like for the Valdivia
event 1960 with M = 9.6, the biggest earthquake ever regis-
tered. Due to their long recurrence times such events are
rarely observed and hardly representative in a statistical
sense. An objective lower cutoff E- could be related with the
log-log bend of an observed distribution near £/ 7 = 1 (cf.
Fig. 10). It is inevitably hazy as the theoretical bend is
smooth, which corresponds to indiscernible events of a back-
ground noise.

b = 1 is legitimate if the tectonic conditions are stationary
and the lithosphere responds to them without delay, whereas
thermally activated dislocations and changing tectonic condi-
tions lead to an instationary Gutenberg-Richter relation. Sta-
ble Lévy distributions with y above or below 1 can be approx-
imated by series expansions [24]. With y # 1 the cumulative
probability can again be approximated by (2) due to (4),
while it tends to 1 for (E/E;) / (t/t-)*Y — 0. Thus the total of
released energies beyond a certain E does not grow with the
same factor as the registration time. The substitute distribu-
tion (2) requires therefore time-dependent bounds E- and En,
and the reference number N; in (1) is no more proportional
to the velocity of the magma drive and the registration time.

The Gutenberg-Richter relation with b = 1 is empirically well
established so that it can be used for the validation of stable
Lévy processes with y around 1. Seismically less active re-
gions are left aside as the events constitute a kind of noise
which cannot as clearly be related with tectonic mechanisms
as with subduction zones. There are other successions of ge-
omechanical chain reactions which are seismogeneous and
wildly random so that the theory of stable Lévy processes can
be of use. Their size, given by the released and dissipated
energy, ranges again from a rather diffuse lower cutoff to an
upper one which is several orders of magnitudes bigger. This
holds true also for collapses of and eruptions from natural
cavities, slope collapses from rock falls to avalanches, rup-
ture of retaining structures for excavations and slopes, top-
pling of high-rise buildings and offshore structures, and com-
binations of such cases.

A common feature of such mechanisms is an ever-present
spatial and temporal fractality, and the impossibility to cap-
ture them with presently used computer models. For quanti-
fying the related geomechanical risk R, i.e. the expected
value of damage D, probabilities of such events and the ex-
position of men and objects to them is needed. In the sim-
plest rational approach the probability density derived from
(2) with b = y = 1, and the ansatz D = VE with a constant
vulnerability V, leads to the expected value

R= D=V Er /n(Em/ Er) (6)
and with En » E to the variation coeffient
Vp =V = \/(Em/ Er)//n(Em/ Er) (7)

An insurance fee is obtained from R by adding an amount for
administration and risk of the insurer. The latter is higher
than with normal distributions as the law of big numbers
works only for at least n =Vp cases [25]. The need of keeping
V low and of confining the worst case with D = VEp, is trivial.
Less evident is the control of the lower bound En so that,
alongside with the expenses for reducing it and V, the overall
expenses are minimal.

This scheme enables the construction of fractal random sets
with a minimal number of scenarios. The episodic fractal ex-
ponent is y =1 if the geomechanical systems reacts to a drive
- from excavation and erosion to tectonic shift - within a time
which is several orders of magnitude shorter than the recur-
rence time. y > 1 is adequate if thermally activated relaxation
reduces the propensity for chain reactions, e.g. in zones of
slow thrust, and the opposite holds true e.g. for excavations
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in ground with soft mineral. y < 1 is also adequate in case of
hydraulically activated softening or erosion, and if the dam-
age increases by a delay of remedies.

Systematic estimates of y # 1 are beyond the present reach,
so one should first focus on the cutoffs for y = 1. The lower
one provides an objective scaling by (6) and works as a kind
of background noise which can trigger chain reactions. The
expected value of released energy E = E; In(Em / E:) refers
to cases where a trigger with E: is imposed, while the number
of events equals the one of such triggers. The vulnerability V
depends on exposition, sheltering and monitoring with an er-
ratic component which is but indirectly related with the com-
plexity of geomatter. A paramount objective of geomechanics
is the realistic estimation of upper cutoffs E, or worst cases.
As stated further above they cannot be captured by quasi-
static computer models as these require stability for being
feasible. It is indispensable to take into account inertial ef-
fects for modelling seismogeneous chain reactions. Numeri-
cal models could be checked and improved by means of sand-
box tests with location of seismic sources.

The eutaraxy in the large is a bigger challenge. As outlined
in Sec. 2 the eutaraxy which has been captured mathemati-
cally represents the force-roughness of grain fabrics in the
stable range, i.e. the propensity for an incoherent micro-seis-
micity due to imposed deformations. This works heuristically
as long as relics of former critical phenomena are sufficiently
ironed out, but precisely speaking this is a contradiction in
terms. Force-roughness means fractal spatial fluctuations so
that classical intensive and extensive quantities are objec-
tionable. The postulate of locality for simple materials [35]
gets invalid with critical phenomena as then correlation
lengths diverge. Thermodynamic critical phenomena yield al-
ready fractality, but seismogeneous chain reactions are more
intricate as geomatter conserves traces of former critical phe-
nomena as long as they are not swept out - this is Maxwell’s
historical element. For lack of ergodicity there is a configura-
tional entropy which differs from the entropy by Boltzmann
and Shannon as fluctuations are rather Lévythan Gauss-like.

6 Conclusion

The objective of research is to reduce cognition deficits. This
requires induction (enaywyn) in Aristoteles’ sense, i.e. hy-
potheses and logic with empirically limited validity. Popper
[30] calls theories nets thrown out for catching parts of real-
ity, emphasizes their refutability and proposes a probabilistic
frame for random phenomena. Geomatter is a complex part
of reality as it is less continuous than classical solids and flu-
ids, and as its opaqueness impedes observations. In TA ®Y-
2IKA Aristoteles mentions that a heap of fragments does not
react to an action (evépyeia) like continuous matter. Mdiller
[26] calls natural rock a discontinuum and points to the self-
similarity of crack patterns, Mandelbrot [20] stresses the
fractality of earthquakes and the intricacy of Lévy’s theory,
Turcotte [36] doubts the ‘self-organized criticaliy’ with cellu-
lar automata, Wu and Aki [38] and Shapiro [33] tried to re-
late wave scattering with the geometrical fractality of geo-
matter, Tarasov [34] proposed a fractional hydrodynamics
for fissured rock. So I am standing on the shoulders of giants
in Newton’s sense, but their diversity is sometimes frustrat-
ing.

My list of contra-continuum arguments (Sec. 1) appears like-
wise frustrating - so what should and could be done? Max-
well’s historical element is a commonplace in geosciences,
but does it elude the mathematical treatment of limit equilib-
ria for ever? Small deviations from stable equilibria of solid
and pore water with fractality can be captured with the frac-
tional calculus, but how do fractal pore systems evolve? And
how to manage the risk even if cumulative probabilities can
be captured with truncated power laws or stable Lévy distri-
butions? Briefly speaking: how to cope with the ever-present
fractality in geomechanics for research and practice? One
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may speak of a new paradigma, but there is no easy answer.
Before working out calculation models one should realize how
the stability of geomechanical systems gets lost in chain re-
actions with fractality before, during and after them. Single
events should be observed in boxes with sand - dry and wa-
ter-saturated - and seismometers, and simulated numerically
with seismic waves and pore water diffusion. Polar quantities
and initial fluctuations should be taken into account. System-
atic variations of initial and boundary conditions should re-
veal expected values and variances of chain reactions, and
more generally a data set which is indispensable for develop-
ing fractional images of fractal random sets. The range be-
tween mild and wild randomness [20, 21] is wide and yet
hardly explored.

Capillary effects, fracture and erosion including fractality
could also be clarified by means of sand-box tests. Kadanoff
[14] doubted hydrodynamic theories for sand, Jiang and Liu
[12] presented a promising one, I replace their ‘hydro’ by
means of a ‘eutaraxy’. Both models cannot yet capture criti-
cal phenomena with growing fractality, but extensions should
be attempted alongside with sand-box tests. As long as there
is no general energetics for fractal phenomena this procedure
is inevitably heuristic, but what counts is always the strength
of hypotheses. Model experiments with sand and structures
can also help to understand the robustness of geotechnical
systems, i.e. the ability of harmless redistributions in case of
inevitable extreme actions. Model tests with sensitive sys-
tems and location of prograding seismic sources could help
to clarify not only tectonic evolutions, but also early warning
systems for geotechnical operations.

An objective of psychology is to reveal cognition defects.
Kahnemann [15] showed that human beings - including sci-
entists and engineers - tend to see patterns even if there are
none in reality, and are weak in estimating probabilities even
of simple events. No wonder therefore that in geomechanics

e the illusion of limit stress fields and rigid sliding blocks
survived until present;

e geotechnical systems with varying arrangement are con-
fused with structures for which the degrees of freedom do
not change;

e the probability of failure is considered as sufficiently low
by means of safety factors although the then required ro-
bustness is not given in general;

« finite element simulations are used for the assessment of
stability although the latter is needed for making the for-
mer feasible;

e observational methods are used for maintaining stability
even if the employed extrapolation gets impossible due to
the temporal fractality of stability losses;

e quasi-static finite and discrete element simulations are
made with a fictitious viscous damping so that crucial
seismic effects are excluded;

e cellular automata are employed for getting look-alikes in-
stead of realistic images of successive events;

e after disasters mysterious anomalies are invented instead
of real mechanisms in order to avoid liability suits.

Instead of thus producing or accepting ‘alternative realities’
and ‘fake news’ one should go on with Aristoteles’ induction
by means of an open-minded discourse like in his peripatetic
school.
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Emeritus, Institute of Soil and Rock Mechanics Karlsruhe In-

stitute of

Technology, Germany, email:

gerd.gude-

hus@ibf.uni-karlsruhe.de; gerd.gudehus@kit.edu

The paper was published in Desiderata Geotechnica, Edi-
tors: Wu, Wei (Ed.) which presents contributions to a work-
shop dedicated to Prof. Gerd Gudehus on the occasion of his
80th birthday and held in Vienna, Austria, on 14-16 August
2018 (Springer Series in Geomechanics and Geoengineering,
www.springer.com/gp/book/9783030149864)
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Liquefaction Software using CPT data
Kostas Lontzetidis(™

Twenty years ago, I had to prepare a report for a gas project,
where a pipe was crossing a stream in northern Greece. The
geotechnical data available were only CPTs, using the Be-
gemann mechanical cone, where the cone resistance and the
skin friction recorded every 20cm.

The soil materials encountered along the pipe route, were
mainly medium dense sands and the ground water table
measured at a shallow depth. Although the seismicity in the
area of the project was not high, the importance level of the
project was high enough to obtain quite significant design
accelerations.

At that time, the typical in-situ test used as input for the lig-
uefaction analysis, was the Standard Penetration Test. Since
there were only CPT data available, I thought that I could
complete the liquefaction analysis, by correlating/converting
the CPT to SPT data (averaging cone resistance values for
each soil layer encountered) and using the graph from Seed
et al. 1985 in Figure 1.
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Figure 1. SPT Clean Sand Base Curve for Magnitude 7.5
Earthquakes with data from liquefaction case histories
(modified from Seed et al. 1985).

During the process of liquefaction analysis, I felt that the bulk
of the CPT data were underutilized in the analysis, and per-
haps the results were overestimating or underestimating the
liquefaction potential. I then started a methodical search in
literature to find more about CPT & liquefaction and utilize
CPT data as much as possible. One of the papers that I came
across, was from Robertson & Campanella 1985. In this pa-
per, there was a graph presenting a zone on the CPT classi-
fication chart, developed by Douglas and Olsen 1981, in
which the soil material within this zone was considered sus-
ceptible to liquefaction (Zone A in Figure 2). This designated
zone was developed by the work from Douglas 1982 and ex-
perience gained at the University of British Columbia (UBC).

Instantly, I thought that this graph could be used as a screen-
ing tool in the process for the calculation of the liquefaction

TA NEA THZ EEEEI'M - Ap. 145 - AEKEMBPIOZ 2020

potential, where the soils would be only considered liquefia-
ble, if they were within the A zone. This screening tool be-
came later the first step in the liquefaction analysis process
that was finally concluded.
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Figure 2. Soil Classification Chart for CPT showing proposed
zone of liquefiable soils (Robertson & Campanella 1985)

Now there was one more thing missing in order to complete
the liquefaction analysis, and this was how to quantify the
severity of liquefaction. How to assess if there is a risk of
liquefaction at a site, where only certain points at certain ran-
dom depths appear to be liquefiable. This was something that
a team from Japan (Iwasaki et al. 1978) had been working
on already, for more than 10 years, where a method to cal-
culate the liquefaction potential was proposed. In 1982 Iwa-
saki et al., used the term Liquefaction Potential Index (LPI)
to quantify the severity of liquefaction. LPI uses the F (factor
of Safety) from liquefaction triggering as well as a depth-
based weighting function W(z) and was defined as shown in
Figure 3.
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Figure 3. Equations to calculate the Liquefaction Potential
Index (LPI) according to Iwasaki, et al. 1982.

The LPI parameter assumes that the severity of liquefaction
manifestation is proportional to the thickness of a liquefied
layer, the amount by which FS is less than 1.0, and the prox-
imity of the layer to the ground surface. The LPI parameter
assumes that each liquefying soil layer contributes to some
extent to the damage potential at the ground surface.
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After the whole process had been concluded, the first spread-
sheet was created including all the afore mentioned checks
and analyses and is given in Figure 4. Please bear in mind
that at that time the input data included apart from the CPT,
the ground water table, the seismic acceleration, the earth-
quake magnitude, and the soil parameter.

Figure 4. Liquefaction analysis results using CPT data

About three years later, in 2003, John loannides (Geolo-
gismiki) developed the first version of LigIT, a software where
the liquefaction potential using SPT and CPT data could be
calculated. In 2007 John and I went to USA to meet Peter
Robertson. With Peter's mentoring and help as well the sup-
port from Gregg Drilling the Clig (Geologismiki) software was
born. A dedicated software to perform liquefaction analysis
using CPT data. Soon, CLiqg became popular in many places
and now the software is well known all over the world, having
more than 2,000 users over 73 countries.

Below is a figure showing the output from the Clig ver.
3.0.3.2 software using the same data as the one in Figure 4.

[ et e [ -

[

o
.

- v T e e ) e I

Figure 5. Liquefaction analysis results using CLiq and the
CPT data shown in Figure 4.

Over the years many factors have been added in the lique-
faction analysis (aging factor, transition zones, weighting fac-
tor etc) but the basic concept remains the same for simplified
liquefaction assessment procedures. Although I think that the
simplified liquefaction assessment is good for a first screen-
ing regarding liquefaction, we should consider using a bit
more advanced tools to assess liquefaction in case that the
importance level of the structure is high or the consequences
from liquefaction are significant. As discussed by Cubrinovski
2019, many influencing factors are always in play resulting
in @ unique combination of contributions, for a given site and
earthquake excitation. Unweaving this complexity and iden-
tifying key factors that govern the liquefaction response and
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associated damage should therefore be the principal target
in the engineering assessment of liquefaction.

I would like to thank George Mavridis for providing the
spreadsheet to manipulate and present CPT data, Gregg Drill-
ing for “The Trip”, Peter Robertson for mentoring me for
many years, and John Ioannides for the lovely journey work-
ing together on ideas to develop software for geotechnical
engineers.
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(Published on November 28, 2020,
https://www.linkedin.com/pulse/liguefaction-software-us-
ing-cpt-data-kostas-lontzetidis)
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2020 Medicane Ianos

Event Date : 09-17-2020
Location: Greece

Report Date : 12-05-2020
Event Category: Storm

Report Number: GEER-068
DOI: doi.org/10.18118/G6MT1T
Event Latitude: 39.3632674
Event Longitude: 21.9217243

Team: Dimitrios Zekkos (zekkos@berkeley.edu) & George
Zalachoris

Collaborators: Alvertos Antonios E., Amatya Pukar M., Blunts
Parker, Dafis Stavros, Farmakis Ioannis, Ganas Athanassios,
Hille Madeline, Kalimogiannis Vassilis, Karagiannidis Athana-
sios, Karantanellis Efstratios, Khan Sana, Kirshbaum Dalia,
Kourkoulis Rallis, Kotroni Vasiliki, Ktenidou Olga - Joan, La-
gouvardos Kostas, Loli Marianna, Makrinikas Antonios, Mari-
nos Vassilis, Manousakis John, Nikas Konstantinos, Panousis
Dimitris, Papathanassiou George, Saroglou Charalampos, Si-
mopoulos Asterios, Stanley Thomas, Tsavalas Alexandros,
Valkaniotis Sotiris

Summary: Perishable data web map: https://elxis-
roup.com/GEER-Medicanelanos-FieldMa

REECE

Lamia

On September 17-20 2020 Medicane Ianos impacted Greece.
The Medicane was associated with significant wind speeds,
and precipitation. The amount of precipitation during a dura-
tion of about ~48 hrs was among the highest recorded in
certain areas and exceeded in certain areas the mean annual
precipitation. The extent of the affected area was very large
and encompassed the western, central and southern Greece,
all the way south to the island of Crete. The Ionian islands
and the areas around Karditsa and Lamia in Central Greece
were particularly affected. Field deployments to collect per-
ishable field performance data were supported by remote
sensing tools and geospatial data analysis. The GEER team
used optical and radar satellite imagery to generate a broad
assessment of the conditions, and also data-mined social me-
dia to identify sites of particular interest. On the ground, con-
ventional site characterization tools were supplemented by
Unmanned Aerial Vehicles to generate three dimensional
models of target areas and sites. During field deployment,
data collected in the field were uploaded on a shared Box
folder and were projected on a web-based GIS map the next
morning to facilitate collaboration among teams. The amount
of precipitation resulted in a wide variety of landsliding that
included (a) landslides involving soils and fractured and
weathered rocks, (b) rockslides, rockfalls and structurally
controlled rock failures, as well as (c) debris flows. Just in the
areas to the west of Karditsa, around Lake Plastiras, more
than 1,400 landslides were mapped using satellite imagery,
and some of them were documented in the field, although
access in the mountainous areas affected data collection. In
Cephalonia, one of a few major debris flows, a rare occur-
rence on the island, devastated the community of Assos. Ex-
tensive flooding was also observed throughout the affected
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areas nationwide. Lower-elevation areas were flooded, and
portions of the town of Karditsa and surrounding communi-
ties became completely submerged. The amount of water
compromised, in numerous areas, the road and railroad net-
work by washing out roads or railroad lines, damaging the
embankments that supported the pavements or disrupting
their functionality by landslide debris. Particularly pro-
nounced was the damage to many bridges, ranging from mi-
nor damages (such as movement) to complete collapse, due
to foundation scour, or “push-over” by debris. Riverbanks
and levees were also overtopped and scoured. The extent of
the affected area by Medicane Ianos far exceeds the extent
of affected areas by other natural disasters such as earth-
quakes or precipitation events. The diversity of damage ob-
served also raises the need for community-level resiliency
considerations, particularly in light of what appears to be a
potentially new “norm” of more intense and larger precipita-
tion events, such as this medicane. To that end, this report
contributes to the condition assessment and perishable data
collection from Medicane Ianos that can support engineers
and community leaders in being prepared for future events.
It also forms the basis for subsequent phases of investigation
to better understand the causes of the recorded damage and
the contributing factors.

File Upload : Medicane Ianos 2020 GEER Report

The work of the GEER Association, in general, is based upon
work supported in part by the National Science Foundation
through the Geotechnical Engineering Program under Grant
No. CMMI-1266418. Any opinions, findings, and conclusions
or recommendations expressed in this material are those of
the authors and do not necessarily reflect the views of the
NSF. The GEER Association is made possible by the vision and
support of the NSF Geotechnical Engineering Program Direc-
tors: Dr. Richard Fragaszy and the late Dr. Cliff Astill. GEER
members also donate their time, talent, and resources to col-
lect time-sensitive field observations of the effects of extreme
events.

http://www.geerassociation.org/component/geer re-
ports/?view=geerreports&id=95&layout=build

Being part of the team of experts of the Geotechnical Extreme
Events Reconnaissance (GEER) Mission for Medicane Ianos
was really great. Many thanks to Dimitrios Zekkos for leading
and Georgios Zalachoris, Ph.D. for his support. I want to
thank my PhD student Vasilis Kallimogiannis and team mem-
bers Athina Tsirogianni, Eleni Pavlopoulou and Antonios
Makrynikas. We, as a team, mapped more than 50 landslides
of all types in the affected area of Karditsa and deployed just
a few days after the event. Have a look at the selection of
the most impressive landslides we mapped.
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You can download the full report here:
https://Inkd.in/d8mphRE

Harry Saroglou
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Controlling blast vibrations

Strict vibration limits often restrict the use of drill+blast ex-
cavation in vibration sensitive environments. However, good
planning of controlled blasting can often accommodate such
restrictions. In a guideline produced by the ITAtech Commit-
tee Excavation Group and published by the ITA, International
Tunnelling and Underground Space Association, describes
practical suggestions of how to utilize vibration measurement
in the design of drill charge hole patterns and detonation con-
trol.

O [TAtech

Download a copy of the guideline https://about.ita-
aites.org/wg-committees/itatech/publications/1703/practi-

cal-approach-for-controlling-blasting-vibration-and-optimiz-
ing-advance-in-tunneling

Due to the complexity of geology, forecasting vibration prop-
agation for a given drill+blast project can be difficult. Multiple
factors are described in the guideline that can affect the prop-
agation of vibration waves including:

e receptor distance from the blast

e rock mass properties, the ability to conduct and absorb
the vibration

e changes in rock mass which can cause bending and re-
flection of vibration waves

e rock mass fracturing and orientation towards the vibra-
tion waves

e change of water content or temperature, such as in mo-
raine or frosted soil

Environment and nearby structures define the allowed vibra-
tion limits, which are usually set by authorities taking into
account factors including:

e the type and age of structures

e use of structures with strict limits for hospitals and scien-
tific facilities

e the prevailing geology
construction materials of structures and basement type
the reliability of the as-built data of structures

The total amount of explosives for each drill+blast round of
excavation is calculated as a mass per each charge, as this is
typically the minimum amount of momentary kilos that can
be blasted. Modern detonator systems offer extensive possi-
bilities for the delay timing of the blast, with the more mate-
rial that blasts per ignition level, the more vibration that will
be generated. The tendency therefore is to limit the amount
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of explosives per ignition level. The momentary reporting of
blast vibrations is based on defining hole charges and deto-
nation delays in the blast round plan.

Measurement systems play a vital role in vibration control
with triaxial seismograph sensors attached at critical loca-
tions where peak particle velocity (PPV) limit-values have
been designated. Sensors are connected wirelessly to a web-
server and record data when they detect vibration levels
above a deigned trigger level. Vibrations are recorded in
speeds of mm/sec, amplitude in mm, acceleration in m/s2
and frequency as 1/s. This data is recorded in the x-, y- and
z- axes directions with web-server data analysis producing
vibration reports together with possible overshoot compari-
sons.

Based on the vibration analysis the charges, detonation con-
trol and location of the holes in the drill plan can be adjusted
to improve production and limit the need for shortening the
round length or introducing partial face blast rounds.

If vibration data is examined against the momentary design
(against time-kilos- graph), the correlation between vibration
data and the designed hole charge blasting can be found. This
will not only express the PPV-value of the round blasted, but
the data is also available for detailed study. When the abso-
lute value of vibration data amplitude is scaled to generally
match the blasted kilos, the remaining deviations between
these two values can be observed (Fig 1). An overshoot might
be due to too large a momentary design or incorrect selection
of the detonators or misfire in some of the previous charge
holes. The overshoot holes can be pinpointed based on the
timing value to indicate where the drilling and blasting plan
can be adjusted.

Fig 1. Example of momentary design and scaled vibration
level [mm/sec] where both overshoots and delayed detona-
tion can be detected

A more predictable vibration of the blast can increase drill+
blast excavation progress. Some key points that the ITA
guideline suggests to keep in mind include the following.

e Reducing the maximum instantaneous charge (MIC)
tends to increase the number of holes required in the
face.

e Smaller charge hole diameter increases typically in-
creases the partial charge blasting reliability of emulsion
explosives.

e Smaller charges increase the profile quality, assuming a
good drill plan, of top quality drilling and controlled deto-
nation.

Smaller charges reduce the blasting damage zone.
Better quality can reduce the amount of shotcrete re-
quired for primary lining and support purposes.

e Better profile quality reduces scaling time and can in-
crease safety.

e Conversely, increasing the number of holes increases the
cost of drilling with the additional use of explosives and
detonators.
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The ITAtech document is produced as an initiative for estab-
lishing a common interface between vibration measurement
systems and drill+blast design programs to help all parties
control blast vibration in a cost-effective way. Download a pdf
copy of the Practical approach for controlling blasting
vibration guideline produced by the ITAtech Committee Ex-
cavation Group of the ITA.
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Explosives for blasting in civil excavations

Michael Rispin, Vice President, Underground, Dyno Nobel
Americas with contributors John MacGregor, Justin
Banks and Tristan Worsey, Dyno Nobel Inc

While mechanical excavation has moved forward dramatically
in the last 50 years and now forms a greater portion of civil
underground construction, explosives and blasting nonethe-
less remain an essential method for breaking rock and ad-
vancing excavations. Michael Rispin and his colleagues ex-
plain advances in the art of applying explosives in the civil
excavation industry.

There are three primary applications for explosives in tunnel-
ing: for tunnel headings, cavern excavations and shaft sink-
ing. Accordingly, blasting is applied horizontally, vertically
and in all orientations. Aside from applying experience, prin-
ciples and engineering to the application of explosives in
blasting, safety is paramount. Misapplication, error or care-
lessness can have catastrophic results. Explosives and blast-
ing knowledge today are highly advanced and the safety fo-
cus is all-prevailing.

Charged face initiated for a blast round

The application of explosives is subject to all jurisdictional
and regulatory considerations. These can be applicable to the
country, state, province or territory, and county or city in
which the work is carried out. There are also occupational
health regulations and governing rules of the owner under
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whose auspices the excavation is being advanced. Many con-
tractors have their own, overarching rules concerning blast-
ing and must, therefore, be aware specifically of the trans-
portation, storage and application regulations to which ad-
herence must be assured. There will almost certainly be li-
censing requirements specifically for the blaster-in-charge
and those under that person’s command. Most contracts will
define the regulations of which the contractor must be aware.

It is critically important to treat blasting holistically. Blast de-
sign is always a function of the rock being excavated, the
orientation of the excavation, the explosives and initiation
systems being used, and, perhaps most importantly in a vast
majority of civil works, the location of the project that will
govern environmental factors including ground vibration, air-
blast and dust generation.

Drilling is an interdependent factor with the explosives in the
success of the blast. To obtain optimal results, the fragmen-
tation of the broken rock and ground control implications are
to be considered in the design and adjusted through meas-
urement and observational engineering as the excavation
progresses. For security and efficiency reasons, the logistics
of getting the explosives to the worksite and to the working
face must be considered.
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Plastic and paper wrapped Dyno Nobel emulsion

Dynamite, the nitroglycerin-based explosive, was the domi-
nant explosive used until the latter half of the 20™ Century.
Ammonium nitrate fuel oil, or anfo, began to be seen in civil
work in the 1970s with watergels and emulsions starting to
appear in the 1980s. The advantages of these technologies
range from less impact sensitivity, lower cost, and reduction
of the risk of unwanted propagation during blasting, to ben-
eficial velocities of detonation as emulsion technology has be-
come fine-tuned. For those who have suffered from nitroglyc-
erin headaches when handling or being in the vicinity of dy-
namite, the alternative technologies are a blessing.

These alternate technologies have some trade-offs. Lower
bulk strengths require higher powder factors to achieve the
same useful work at detonation and the number of required
charge holes tend to increase, driving up drilling costs. Nor
were all explosives created equally. Dead pressing, whereby
explosives in a charge hole may be rendered insensitive due
to the explosives in an adjacent charge hole detonating be-
fore them, became an issue to be reckoned with. The indus-
try, through much experience and study and the application
of technologies, including microballoon strength, secondary
salts, emulsifiers, and ingredient mix variants, has dramati-
cally improved the explosives resulting in the robust products
of today.

DynoMiner Advance emulsion loading unit

Anfo, while cost attractive, has the detraction of being water
soluble, resulting in the risk of high concentrations of nitrates
in tunnel and groundwater outflow that can shut down jobs
either temporarily or permanently. When applying packaged
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explosives to blasting in civil works, emulsions are the prod-
ucts most selected. For specific applications and challenges,
dynamite still has a significant place in the industry. Where a
specification is tight and revolves around limitation of mass
per delay, dynamite, as the most energetic explosive availa-
ble, may be the best or necessary choice. In challenging con-
ditions, such as fragmented rock or water-bearing strata, its
high energy, proven reliability and ruggedness, can dramati-
cally reduce the risk of poor blast results. This combination
of performance characteristics remains relevant today.

F L

Titan 7000 sensitised emulsion

DynoMiner APS loading unit

In recent times, there has been an evolution from packaged
to bulk explosives, especially for larger excavations. The ad-
vantages can be significant. Eliminating packaging reduces
costs, there are reduced logistics costs, speedier loading
rates, a reduction of manual aspects of the loading process,
and more efficient filling of the available charge hole space.
While anfo and watergels may also be applied in bulk, emul-
sions are now the preferred technology.

Solid density control, more stable emulsifiers and water-ring
pumping technology whereby an annulus of water around the
explosive to facilitate the flow of emulsion in the charge hose,
have made re-pumpable emulsion possible, which is of pri-
mary importance from a logistics point of view. The ability to
pump or blow the emulsion more than once is critical for most
underground excavation projects. The application of bulk
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emulsions can reduce the loading cycle in a heading by some-
times up to 75% with hydraulic pumping units operating at
capacities of up to 90kg/min.

When using bulk explosives, the reduction in packaging costs
is partially offset by the need for investment in bulk loading
equipment. However, on an all-in basis, given the right size
and logistical and dimensional parameters, bulk products are
less costly than the packaged explosive alternatives.
Emulsions in bulk offer added flexibility. They may be:

applied hydraulically or pneumatically;
sensitized in different manners with solid or gas additives,
or a combination of both;

e delivered to site as an oxidizer and sensitized at point of
loading into an explosive, thereby eliminating some ex-
plosives handling restrictions or costs in storage or trans-
portation,

e density-modified at point of loading, lending the option of
flexibility to loading different charge holes at different
strengths;

e used to fill the charge hole for blasting efficiency or, al-
ternatively, string loaded thereby decoupling perimeter
charge holes, for example, to reduce over-excavation.

Most bulk emulsion manufacturers specify the equipment and
control systems which go with the various formulations. The
companies either manufacture the loading equipment them-
selves or specify the use of a third-party manufacturer which
produces specified equipment under license. For safety rea-
sons, Dyno Nobel does not allow its bulk emulsions to be
pumped through equipment other than those it recommends.

A tagger and blast initiator command set for a wired elec-
tronic initiation system

In choosing the right combination of bulk emulsion and load-
ing equipment, a variety of factors must be considered. The
choice of thicker formulations for hydraulic loading versus
thinner formulations for pneumatic loading defines the vis-
cosity specification of the explosive.

Hydraulic loading tends to be more robust, faster, and ame-
nable to application technologies, including:
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e using longer and smaller diameter hoses for loading, hose
pushing and retraction;

metering of loaded explosive;
computer control of the loading process;

e gassing, or sensitizing the explosive by introducing trace
chemicals at time of loading to create microscopic voids
in the explosive matrix; and

e string loading.

With proper procurement and correct maintenance, hydraulic
systems bring ease-of-use but require a higher level of train-
ing.

Pneumatic loading tends to demand less expensive equip-
ment, simpler operation and may be more suited to smaller
workspaces. The carrier required for heavier hydraulic load-
ing equipment is avoided with skid-mounted units, and sling-
mounted loading equipment for shaft work, where available.

Given these advantages, pneumatic equipment is often se-
lected for testing or approval work. At the same time, shorter
hose runs only are typical and metering options are limited.
Pressure vessel pneumatic technology is favored primarily for
shaft work but is suitable also for horizontal applications. It
is uncomplicated, with limited moving parts and can facilitate
a rapid loading rate, particularly on a crowded benching ex-
cavation. Using specifically formulated bulk emulsions, load-
ing rates dramatically reduce the loading time of down and
horizontal charge holes compared with packaged explosives.
Uphole loading is not possible with emulsions, but this is
rarely a limitation in civil applications.

Solid sensitization requires the incorporation of solid micro-
balloons of glass or plastic into the explosive at point of man-
ufacture. Sensitization using the gassing method requires
greater care in equipment set-up, maintenance and training,
but offers cost benefits when viewed holistically. Because the
explosive is being modified at point of loading, minimum di-
ameter and maximum density must be carefully monitored in
order to ensure optimum blast results. The setup of the
equipment and the skill of the operator is key.

String loading, or decoupled charging, involves reducing the
energy dissipated by the detonation of explosives in a non-
fully circumferentially loaded charge hole. Less explosive
goes into the individual hole and its effect, beyond the un-
loaded perimeter of the charge hole, is reduced. This lends
itself well to the loading of perimeter holes to control over-
break.

DigiShot Plus 4G tagger
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DigiShot Plus 4G coil

Initiation systems

Many in the industry during the 1980s and before will re-
member loading holes with safety fuse and hooking up faces
with igniter cord. While this was an important development
at the time of its inception, safety fuse today belies its name.
Thankfully, the civil excavation industry has now progressed
through electric and nonelectric detonators to the state-of-
the-art electronic detonators of today, which can be either
wired-electric or shock tube nonelectric.

The accuracy available with today’s technology takes a lot of
guesswork out of blasting, offering:

e Secure blast design: making available
— A guaranteed single hole per delay and
— Lower vibrations
e More reliable and controlled perimeter and cushion blast-
ing; to
— Reduced back break and damage of the rock beyond
the excavation perimeter,
— Limiting over-excavated material to be removed
— Reducing overbreak

e Greater excavation scales per blast under tighter re-
strictions;

e An ability to verify the integrity of the initiation system up
to the point of detonation; and

e Reduced inventory and procurement concerns.

This technology comes with a higher unit cost but considering
the scope of a blasting operation, the benefits significantly
outweigh the cost. The wired electronic technology typically
involves a steeper learning curve but once mastered is ap-
plied as second nature. Wired electronic detonators can come
with pre-set timing or can be programmed while loading or
at any time prior to detonation.

EZshot LP shock tube initiated electronic detonator
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The nonelectric electronic detonators, with timing set at the
point of manufacture, provide high accuracy with ease of ap-
plication. These detonators are applied identically to tradi-
tional pyrotechnic nonelectric detonators and a variety of
configurations, either avoiding or requiring compatible deto-
nating cord, are available.

Nonelectric detonator

When using the less sensitive explosives of today, particularly
bulk explosives, the energy needed to set off an efficient det-
onation typically exceeds the detonator alone. This requires
the use of boosters to ensure steady state velocity of explo-
sive detonation. Boosters also minimize the likelihood of un-
wanted blast gasses being generated by sub-standard deto-
nation and provide an additional level of dead press protec-
tion to electronic detonators. These boosters are typically
manufactured of rigid high explosive and are affixed to the
detonator prior to loading into the charge hole and being sur-
rounded by explosive.

In the future, fully wireless initiation systems will be econom-
ically and technologically available for the diameters of
charge holes typically applied in civil underground projects.
These are in selected use today in the mining industry and
further development is required before expected widespread
application in civil work.

A set of Stinger boosters

Blast design

There are many aspects to consider in the design and appli-
cation of explosives and blasting, including the design of the
charge hole drilling patterns. These include:

Fragmentation
Perimeter control
Ground vibration
Airblast

Size of excavation
Cost

These cannot be assessed in isolation and must be evaluated
holistically, particularly in urban environments, or in close
proximity to other infrastructure where the environmental
knock-on effects of ground vibration, airblast and noise can
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be paramount. Ground vibration and airblast complaints in
residential areas can threaten shutdown of job sites or law-
suits. Residual blast gasses are at best a nuisance and at
worst a risk to health and can also threaten job shutdowns
and litigation. Avoiding damage to nearby structures from
blasting is a prime driver in blast design considerations.

There is no substitute for training and experience when it
comes to blasting design. Blasters, independent consultants
and explosives manufacturer-based consultants rely heavily
on these. There exists also a variety of technological tools
that complement this expertise and knowledge, by providing
measured parameters which can be integrated into blast
planning, either at the outset or as part of the observational
and applied engineering refinements as a project progresses.
Some tools to consider for design implementation in the field
and for troubleshooting issues, include:

Seismographs and accelerometers
Drillhole deviation measurement devices
3D excavation scanning

Drillhole cameras

Velocity of detonation recorders

The application of these technologies minimizes the need for
guesswork, can provide valuable data with which to analyze
challenges, and can be essential in avoiding complications
from negative environmental aspects of the excavation.

Project interaction

Each civil excavation project comes with its own set of chal-
lenges and opportunities from an explosives and blasting per-
spective, with senior managers from the project owner, de-
sign, construction manager, contractor and Explosives sup-
plier involved in the decision making. It is advisable to seek
supplier consultation in the design, bidding, pre-planning and
value engineering phases, as well as during the actual drilling
and blasting operation itself. Suppliers, with their blasting ex-
pertise and product knowledge, can also be helpful in meet-
ings up to and including the project owner. Blast evaluation,
troubleshooting and fine tuning are all part of the observa-
tional engineering process.

Much knowledge and many tools exist to assist in the design
of blast excavations and their implementation. Product tech-
nologies and delivery systems are highly advanced today and
when specified correctly, are used safely and effectively in
excavating shafts, tunnels and caverns. Blasting is carried
out every day around the civil construction world, driving ex-
cavations forward while minimizing environmental effects
and disruption to neighbors or surrounding infrastructure.
Highly trained and experienced staff are available for consul-
tation on what will work best for each project, considering
the many different factors to be considered.
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Artificial intelligence improving drill+blast pro-
cesses

Pekka Nieminen, Director Tunnelling, Sandvik

Pioneering work towards developing automated drilling jum-
bos began back in 1985 by the drill rig manufacturer Tamrock
of Finland, which was later acquired by Sandvik. During that
time it was seen that instrumented rigs, starting with the
Tamrock three-boom data jumbos, were able to increase
drill+-blast quality and decrease the cost of large-scale rock
excavation. Over the years, requirements have increased and
more features have been added. Pekka Nieminen of
Sandvik explains that the evolution continues today with the
iISURE® Intelligent Sandvik Underground Rock Excavation
software, a computer program for drill+blast process control
for iSERIES rigs.

Successful drill+blast operations consist of four essential el-
ements: safety, quality, cost and schedule. In order to assist
in achieving these operational necessities, Sandvik has con-
tinued development of its drill+blast design software
iISURE®. The computer program works seamlessly with the
Sandvik iSERIES jumbos and associated equipment. The sys-
tem assures operational efficiency and productivity by pro-
ducing all the data needed to design and optimise the
drill+blast cycle with data collection tools on the rigs and pro-
vide accurate analysis functionality. With its user focused fea-
tures, Sandvik iISURE® has been designed to deliver the best
results by capitalizing on the accuracy of the rigs to make
drill+blast more accurate and thereby improving work cycles
and processes.

Amongst its design attributes, iISURE® 8.0, the latest version
of the program, has a wizard-functionality tool that enables
the selection of ready-made drilling templates for charge hole
plan creation. The template-based plan generation tool takes
into account rock blastability, heading profile quality, the al-
lowed excavation damage zone (EDZ) and the explosives be-
ing used. Plans created, based on these templates, are read-
ily editable to incorporate drill+blast feedback while being
optimized to suit the prevailing rock conditions. This produces
an effectively controlled blast that results in good blasting
pull out while restricting the fracture zone and resulting in
greater rock strength around the excavated tunnel.

Applying artificial intelligence software and systems for opti-
mizing drill+blast excavation of rock

Knowing what has happened

Key to producing the benefits is the combination of rig accu-
racy and optimized drill+blast plans. The data collection by
the rig and its analysis by iISURE® delivers feedback for pro-
cess improvement. The system is developed to work in con-
junction with Sandvik instrumented iSERIES drill rigs that log
the round drilling operation to a detailed level. The on-board
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computers of all Sandvik drill rigs are able to plot the location
of the drill holes as recorded in the pre-programmed drill plan
and in the project coordinate systems. The rigs can be navi-
gated accurately, based on the defined heading alignment
making it possible to express drilled hole coordinates globally
and coordinate with the system and plot as-built. Hole start
and end points are also assessed to reveal if the holes that
have been drilled according to the drill plan. This computer
control also allows action to be taken to correct any discrep-
ancies.

Among the many features that iISURE® adds to the process,
is the data logging of 19 different measured-while-drilling pa-
rameters at 2cm intervals during the drilling of each drilled
hole. The recorded data can be examined on a per hole basis,
or as a 3D round view (Fig 1). The data can also be presented
as a histogram report of the penetration rates for the applied
drilling power and flushing sufficiency or disturbances during
drilling, both in general terms and for each boom.

Other functional and operational features that are collected
for each round and boom include measures for percussion,
power pack, drilled meters and net penetration, as well as
average and gross drilling capacity. This provides valuable
feedback that helps to fine-tune the rig behaviour and use.
The program further assists in the analysis of data collected
along the heading progress to build a trend of various key
performance indicators.

After hole drilling is completed and the holes are charged and
blasted, iISURE® has the ability to compare consecutive
rounds to calculate the achieved pull out in different areas of
the face. This information, as a form of a heat map, can then
be superimposed on top of the drilling plan of the heading to
indicate where to improve the plan for pull out. No extra pa-
rameters need to be measured to provide this information as
functionality is based on recording the realised start and end
points of each charge hole in the face. Using the drill holes
more efficiently to achieve a good pull out results in savings
both in excavation schedule and project cost.

Vibration, profile and geological analysis

Through its data recording and analysis abilities, the iISURE
system can utilise measured vibration data in order to more
accurately control the blasting generated vibrations within
defined limits for monitoring environmental limitation factors
including vibration and the impact of drill+blast excavations
on nearby structures in an urban environment. Based on sys-
tematic vibration measurement data and permitted peak par-
ticle velocity information, analysis feedback can be used to
adjust and define the charges, detonation control and loca-
tion of the holes in the drill plan to meet project permits as
necessary. With control of the blasting process to meet nec-
essary vibration restrictions, more tunnel meters/day can be
achieved, as shortening the round length or reducing the face
into partial blastings might be avoided.

iSURE® further provides an interface to import vibration data
from third party systems and enable the utilisation of this
data in connection with momentary design. This facilitates
the pinpointing of any holes that generated excessive vibra-
tion. For detonation design, iISURE® supports impulse deto-
nator timings of different manufacturers as well as impulse
detonators supplemented by surface delay units to increase
the usage possibilities of detonators, and free timing settings
for electronic detonators.

In an extension of the iSURE® system, drill rigs can be
equipped with on board profile scanners to provide an op-
tional toolset for geological analysis and a tunnel profile 3D
scanning system. Based on the data generated by iISURE 3D
SCAN, the iISURE® 8.0 can create a 3D view visualisation of
under and overbreak and a 2D view for drill+blast design op-
timization, together with volume calculation of realized and
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theoretical profile under and overbreak. With these details,
the drilling rig operator is assisted in drilling additional holes
in the correct locations to remove any existing underbreak if
it exists.

iSURE® software turns recorded data of measured-while-
drilling parameters into graphical 3D and histogram infor-
mation for improving the drill+blast process as a whole

For further assistance of the drill+blast operations, iISERIES
drill rigs can be equipped with the optional iISURE GEO sys-
tem, which decodes geological parameters based on hole
drilling data. Drilling resistance factors for example will
measure MPa rock strength, as well as indicators of rock mass
fracture and assessment of rock classification. The GEO op-
tion used by iISURE® 8.0 enables the viewing and extrapola-
tion of this data in 2D and 3D views. The system is designed
as a geological toolbox acting as a complementary subsystem
to assist geologists in their daily work through providing a
key source of information.

Accurate plans, controlled blasting and immediate analysis
and feedback on the rock conditions will lead to increased pull
out of estimates up to 97%, based on the proper use of iISURE
and iSERIES drill rigs. With optimum blasting control, scaling
time might also be reduced by up to 45 min/round. An opti-
mum pull out also creates a better face for the next round of
drilling, a reduced damage zone from the subsequent blast,
as well as producing a better environment for rock bolting,
and the automated production of drilling plans while ensuring
that there are fewer interruptions in the operation.

Empowering the process

In effect, the information provided by iISURE® will also indi-
cate if rig adjustment is needed or if rig misuse is suspected.
It shows the change in rock mass drillability, records drill
steel consumption, maps face shape after blasting and scal-
ing, operator deviation from the plan while drilling, and,
based on scanner data, defines the profile and calculates pro-
duction volume. All is available at the fingertips of rig opera-
tors and operation designers, resulting in improved produc-
tion and information that can be assessed and built upon to
empower the drill+blast process.

Any software is only as good as the drill rig it serves and
based on customer focused feedback, iISURE® capabilities on
the advanced Sandvik iSERIES rigs constitute a powerful tool
that enables the sharing of project data between different
group members to achieve the best drill+blast operation pos-
sible. iISURE® 8.0 software is available in four versions:
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Basic, Plus, Premium and Pro to meet the objectives and aims
of drill+blast contractors and their contract clients.

Operators dashboard in the cab of a modern iSERIES drill
rig

Improvement and development of the iISURE® artificial tech-
nology system is continually progressing in Sandvik. Updated
versions of the software packages are planned annually
based on knowledge and experience sharing with customers
and drill+blast professionals globally. The next step will be
iSURE 8.1 focusing on more data driven productivity to pro-
vide customers with extended production reports to optimize
the drill+blast cycle and covering the whole fleet of face drill-
ing rigs. The upgraded iSURE 8.1 systems are to be available
to the marketplace in January 2021.
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NEA ANO TIz
EAANHNIKEZ KAI
AIEONEIz
FEEQTEXNIKEZ ENQZEI2

EAAnvikn EmiTponn Texvikng NewAoyiag
A1GA€ENn Ap. NikoAdou AenolvTh

H EETT diopyavwoe JIGAeEn Tou Ap. NikoAdou AenolvTn, E-
nikoupou KaBnyntn Tou TpRpaTog MFewAoyiag Tou MavenioTn-
piou MaTtpwv, TNV NéunTn 17.12.2020 kar wpa 18:30, otnv
HAekTpovikn AiBouoa HE ouvdeopo:
https://centralntua.webex.com/centralntua/j.php?MTID=m4
162a1b434a7cd91751d45b5753f6deb pe Bépa:

"AvanTtuin cuoTNHATOV KATaypa@ng Kai napakoAouOn-
ONG KATOAICONTIKAV KIVACEWV kal agionoinon Toug
oTNV NPOyvmon TwV doToXi®V. EqpapHoyr oToV OIKIGHO
MeTooBou TnG Nepipépeiag Hneipou".

MepiAnywn AIGAeEng

O1 kaToAIoBRoeIg anoTeAoUV évav and Toug HEYaAUTEPOUG Ye-
wAoyIkoUg KIvdUuvoug (geohazards) kal npokaloUv onuavTi-
KEG KATAOTPOPEG OE KATOIKNMEVEG MEPIOXEG KAl £€pya unodo-
UNG. ZUpQwva pe To Centre for Research on the Epidemiology
of Disasters (CRED - United Nations Office for Disaster Risk
Reduction) KaTtad Tnv TEAEUTAIA EIKOCAETIA Ol KATOAIOBNOEIG a-
noteAoUv Tnv 4" Kata oeipd «onoudalidTNTAG» PUOIKH KATa-
OTPOPN NAYKOONIWG o€ apldud cupBavTwy (5.2% eni Tou ou-
voAou) pe 18,414 avBpwniva Bupata kal k6OToG TNG TAENG
TwV 8 dI¢ $. =Tnv EAAGda kal €101kdTEPa oTn AuTikr) EANGDq,
€XOoUV OUpBEl Ta TeEAgUTaia XpOvia NOAAEG KAl HEYAAEG KATOAI-
00n0EIg, Ol OMNOIEG NPOKAAECAV EKTETAPEVEG KATAOTPOPEG OE
0IKIOWOUG Kal aTo 001k JikTuO. =TNV EAAGdA n peEXpP! ofuEpa
euyneipia €xel dei€el OTI:

a) n npoyvwaon KatoAIgBnoswv €ival avunapkTn, o d€ Baduog
AVTIMETWNIONG AVENAPKNG KAl

B) dev u@ioTatal cuoTnuaTikh napakoAouBnon akodpa Kai
'YWWOT®OV' EVEPYWV KATOAIOONOEWYV

Me okono TNV 0AOKANPWHEVN KATaypagn Kai napakoAoudnon
TWV KAToAIoBAogwVv nou AapBavouv xmpa g€ Jid NUKVOKATol-
KNMWEVN NEPIOXM, EYKATAOTABNKE YIa NPpwTN popa atnv EAAG-
0a, &va oAoKANPwWHEVO CUCTNHA KATAypPaAPnG Kal NapakoAou-
Bnonc KatoAIodNTIKWV KIVACEWV. To oUOTNUA €YKATAOTABNKE
oToV OIKIoNO MeTooBou kal XpnuaTtodotndnke and 1o E. M.
'Hneipog 2014-2020. MepihapBavel yewdaimikolc oTabuoug,
okedAOTEG YIa DOPUPOPIKEG ANWEIG, HOVIMA ANOKAICIONETPA
Kal KAICIOPETPA, METEWPOAOYIKO OoTaBuo kal aglonolei TIg du-
vatoTnTeg nou divouv Ta UAV kail o1 HETpRoelg oTo nedio. To
oUoTnNUa Kartaypagel kai anodnkevel dedopéva and Ta eyka-
TEOTNUEVA Opyava kal gu@avifel o€ npaypatiko n oxedov
nNEAyuaTiko Xpovo To pubuo Tng eda®Ikng Napapdpewong, He
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TeAIKO 0TOXO TNV BpaxunpoBeoun agionoinar Tou w¢ cuaTnUa
€ykaipng npdyvwong ekdNAWONG TwV KaToAIoBroewyV.

ZuvonTikO Bioypa@iko Znpeiopa OMIANTOU

O Ap. NikdAaog AenouvTng gival Enikoupog Kabnyntng Texvi-
KNG MewAoyiag Tou TuAuaTtog MewAoyiag Tou MavenioTnuiou
MNatpwv, €I1B3IKOG EUNEIPOYVWOHUWY OTOV TOHEA TNG YEWTEXVIKNG
otnv Eupwnaikn Opoonovdia MewAoywv, HE OIOAKTOPIKEG
onoudgg otn MewnepiBalovTik Mnxavikr, oto MavenioTipio
Tou KapvTip Oualiag. MéAog Tou gpyaaTtnpiou TeEXVIKAG MNEw-
Aoyiag MavenioTnpiou MaTpwv https://engeolab.gr/.

AIaBETEl ONPAVTIKN EPEUVNTIKN KAl EPYACIAKN EUMEIPIA OTO a-
VTIKEIMEVO TWV KATOAIOBAOewY (evopyavn napakoAouBnon, -
KTignon enikivouvoTnTag, oxedlaopodg Epywv anokatdoTaong)
Kdl TNG YEWTEXVIKNG TWV €dapwV Kal NETPWHATWV. 'EXeEl ouv-
eXn eyxwpla kai 81eBvr) CUPHPETOXN OE€ avTigToiXa €pya Kal
NPOYpPAUMATA, EITE WG ENICTNHOVIKOG UNEUBUVOG EITE WG HENOG
EPEUVNTIKAG 0pAdag kai €xel dnUooielogl capavTa epyacieg o
d1eBvn neplodika, kepaAaia BIBAiwV kal NpakTikG cuvedpiwy.
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https://www.issmge.org/news/issmge-news-and-infor-
mation-circular-december-2020

1. 20ICSMGE- IMPORTANT NOTICE

Due to the ongoing pandemic, the conference organisers
have taken the difficult decision to postpone the conference
until Feb-April 2022. The final date will be confirmed in the
next circular.

2. TERZAGHI ORATION - News from the ISSMGE Pres-
ident Charles Ng

I am very pleased to announce that Professor Antonio Gens
from the Universitat Politécnica de Catalunya in Spain has
been selected Terzaghi Orat20ICSMGE in Sydney. Professor
Gens was selected from a pool of 16 outstanding nominations
including 5 former Rankine Lecturers. After reviewing the ab-
stracts of proposed case histories including photographs sub-
mitted by 6 finalists and consultation among some distin-
guished peers in our Society, I had the privilege to select
Professor Gens to be our next Orator although the decision
was extremely difficult since we had so many outstanding
candidates. I am absolutely confident that Professor Gens will
deliver an excellent lecture in Sydney. Please join me in
congratulating Professor Gens.

3. BRIGHT SPARK LECTURES - 20ICSMGE

The YMPG in collaboration with the Local Organising Commit-
tee for the ICSMGE would like to announce the winners of the
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Bright Spark Lecture Award to two very distinguished engi-
neers: Dr. Ashani Ranathunga (Sri Lanka) and Dr. Brendon
Bradley (New Zealand). They are both invited to give keynote
lectures at the 20ICSMGE in Sydney.

For the full article, please refer to the News Bulletin, October
2020, page 30 (https://www.issmge.org/publica-
tions/issmge-bulletin/vol-14-issue-5-october-2020)

4. TC - NOMINATIONS

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

TC107 - Tropical Residual Soils
TC214 - Foundation Engineering for Difficult Soft Soil Con-
ditions.

5. WEBINARS

The following webinar was recently added to the ISSMGE ed-
ucational resources available from the website:

e Prof. Pijusch Samui: Machine Learning in Geotechnical
Engineering

6. ISFOG 2020 - Proceedings now available

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

7. BULLETIN

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

8. ISSMGE ONLINE LIBRARY - OPEN ACCESS

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

e All Proceedings from Australia New Zealand Conferences
on Geomechanics

9. ISSMGE FOUNDATION

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 315t January 2021. Click here
for further information on the ISSMGE Foundation.

10. CONFERENCES AND EVENTS

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

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

ISSMGE Events

INTERNATIONAL WEBINAR SERIES ON FORENSIC GE-
OTECHNICAL ENGINEERING - 10-12-2020 - 13-12-
2020

Webex online platform, Bangalore, India; Language: English;
Organiser: ISSMGE TC302; Contact person: Dasaka S Murty;
Address: Department of Civil Engineering; Phone: 91-
9869607604; Email: dasaka.iitb@gmail.com; Website:
http://tc302-issmge.com - pre-registration is mandatory for
all participants at the following link:
https://kaksha.we-
bex.com/kaksha/j.php?MTID=mbc70d0fbf9a06a3b5df0bd37
d08f9e92

ISSMGE TC WORKSHOP ON SCOUR AND EROSION - 16-
12-2020 - 17-12-2020

Online, Visakhapatnam, India , Language: English; Organ-
izer: Indian Geotechnical Society and Andhra University, Vi-
sakhapatnam; Contact person: Prof. C.N.V. Satyanarayana
Reddy; Address: Andhra University College of Engineering;

Phone: 919849100310; Email: igc2020vizag@gmail.com;
Website: http://www.igc2020vizag.com;

XIII INTERNATIONAL SYMPOSIUM ON LANDSLIDES -
22-02-2021 - 26-02-2021

Virtual, Bogota, Colombia; Language: English; Organiser:
JTC1; Contact person: Ing Alvaro Gonzalez Garcia; Address:
Carrera 57 No 172-44; Phone: +57-315410049, Email:
ajgonzg@gmail.com; Website: http://www.scg.org.co/xiii-
isl/; Email: scgeotecnial@gmail.com

SECOND INTERNATIONAL CONFERENCE ON GEOTECH-
NICAL ENGINEERING-IRAQ 2021 - 05-04-2021 - 06-
04-2021

Akre/ Duhok/Iraq, Language: English; Organiser: Iraqgi Sci-
entific Society of Soil Mechanics and Foundation Engineering;
Contact person: Mahdi O Karkush; Address: University of
Baghdad, Aljadriah, Baghdad; Phone: 009647801058893;
Email: mahdi karkush@coeng.uobaghdad.edu.iq; Website:
http://ocs.uobaghdad.edu.ig/index.php/icgeotecheng/icgte

11TH INTERNATIONAL CONFERENCE ON STRESS WAVE
THEORY AND DESIGN AND TESTING METHODS FOR
DEEP FOUNDATIONS - 20-09-2022 - 23-09-2022

De Doelen, Rotterdam, The Netherlands,; Language: English;
Organiser: Royal Netherlands Society of Engineers (KIVI);
Contact person: Angelique van Tongeren, Address:
Prinsessegracht 23, Phone: +31(0)70-3919890, Email:
SW2022@Kkivi.nl; Website:
https://www.kivi.nl/afdelingen/geotechniek/stress-wave-
conference-2022

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

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

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

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

1%t Australia New Zealand Conference on Geomechanics (Mel-
bourne, 1971): 81 papers

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

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

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

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

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

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

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

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

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

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

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

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

Detailed acknowledgements for all 13 Australian New Zea-
land Conferences on Geomechanics and bibliographical de-
tails for referencing can be found at the ISSMGE Online Li-
brary Acknowledgements section.
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32nd ISRM online lecture
by Prof. Antonio Samaniego
on 17 December 2020

For the 32nd ISRM Online Lecture the ISRM invited Prof. An-
tonio Samaniego. The title of the lecture is "Empirical Design
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Methods in Underground Mining". The lecture was broad-
casted on the 17th December at 10 A.M. GMT.

Dr. Samaniego is a civil and mining engineer with over 40
years of experience. He obtained a BSc in Civil Engineering
from the Catholic University of Peru; a BSc in Mining Engi-
neering from University College Cardiff; and an MSc and PhD
in Rock Mechanics from the Royal School of Mines of Imperial
College London.

In 1985, Dr. Samaniego co-founded
SVS Ingenieros, which merged with
SRK Consulting (Peru) SA in 2011. As
Practice Leader, he assesses mining
method design; rock support; slope
stability; mine planning; tailings de-
posit design; and due diligence. Dr.
Samaniego has worked on more than
150 civil engineering and mining pro-
jects in Latin America.

Dr. Samaniego was President of the
Institute of Engineers of Peru (IIMP)
in 2014- 2016 as well as Vice President for South America of
ISRM in 2011-2015. He is member of the SME, CIM, IIMP and
SPEG; Fellow Member of IOM3; and CEng. Dr. Samaniego is
a principal lecturer at the Catholic University of Peru and a
post-graduate thesis advisor. Dr Samaniego has authored
technical publications and has been speaker at different Pe-
ruvian and international conferences.

The lecture will remain online so that those unable to attend
at this time will be able to do it later. As usual, the attendees
will be able to ask questions to the lecturer by e-mail during
the subsequent five days. All online lectures are available
from this page.

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

New ISRM course on "Prevention methods for Landslides in
Rock Masses" by Prof. Zhong-gi YUE 2020-12-28

1st International Youth Scientists Forum for Discontinuous
Deformation Analysis (IYSF-DDA) 2020-12-19

First announcement for IYSF-DDA

32nd ISRM Online Lecture is now online 2020-12-17

The 32nd Online Lecture with the title "Empirical Design
Methods in Underground Mining" by Professor Antonio Sama-
niego is now online at the ISRM website

Tsinghua University Seminar Series on Rock Mechanics, 11-
18 December 2020-12-10

Tsinghua University is organizing a seminar series on Rock
Mechanics, 11-18 December 2020.
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ITACET

Foundation

Foundation for Education and Training on
Tunnelling and Underground Space Use

Dear ITACET Foundation followers,

We are pleased to announce that in February 2021 we will be
starting a monthly Online Lunchtime Lecture Series!

Every 2" Tuesday of the month we will be hosting short
lectures on different subjects with the aim to keep all those
in the field abreast of new ideas and technologies, and to
provide training on important subjects. We want to make tun-
nelling and underground space education accessible to eve-
ryone and we believe that online training such as this is a
way to do that.

The series is organised by the ITACET Foundation in close
coordination with the ITA-CET Committee and ITA. It will
bring together top professionals from the ITA’s Working
Groups and Committees, as well as industry representatives
and project owners.

The first session will be on Tuesday 9% February on the
subject of Conventional tunnelling and new blasting tech-
nologies and includes a dedicated time for questions too!
The session will last approximately 1 hour and is therefore
designed to be participated in during your lunch break, or as
a quick bite-size session depending on your time zone! Fol-
lowing on from this on the 9th March and the 13th April will
be lectures on Construction contracts and Health & Safety
respectively.

We would be extremely happy if you were numerous in join-
ing us for these online sessions, so please don't hesitate to
share the news with any friends or colleagues that you think
might be interested.

Registration for the sessions will be required, but the first
three sessions will be free! After this, we’'ll be asking a small
token amount. The link to register each month will be on the
ITACET Foundation website, on the ‘Forthcoming sessions’
page: https://www.itacet.org/sessions/forthcomin and
you'll also find the link on the ITACET Foundation LinkedIn
page and posts.

We look forward to seeing you online in February! And if you
have any questions in the meantime, please don’t hesitate to
reach out to the ITACET secretariat: secretariat@itacet.org.
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BTS December Live Webinar: Tideway Update
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Andy Alder, Tideway Programme Director, gave an update on
the Tideway Project, current progress and the approaches
being used on Thursday, 10™" December 2020.

This was followed by presentations from those working at
three of the numerous Tideway worksites. These gave an ap-
preciation of the scale and range of tunnelling and civil engi-
neering activities taking place, and explained some of the
technical challenges that have been overcome. Robbie Quinn
presented the Barn Elms shaft and pipejack, Oscar Hueso
Cuberos and Mikel Martinez Goirigolzarri presented the Hy-
perbaric TBM interventions and Shannon O’Keeffe presented
the East Main Tunnel TBM delivery and launch.

Streaming Link: BTS December Meeting : Tideway Update -
YouTube

o3 D

UC Berkeley 2-Day Short Course
New Technologies for Geotechnical Infrastructure
Sensing and Monitoring
January 22-23, 2021
Instructed Online

Dear alumni and friends of the UC Berkeley Geosystems pro-
gram,

On January 22-23, 2021, UC Berkeley Faculty of the Geosys-
tems group and collaborators, are offering a 2-day short
course on "New Technologies for Geotechnical Infra-
structure Sensing and Monitoring". The course will pro-
vide a review of some of the latest technologies that are
about to, or are already impacting the way we maintain,
monitor, or operate geo-infrastructure and the way we man-
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age risk. Technologies to be discussed are sensor-equipped
Unmanned Aerial Vehicles (or drones), 3D model creation us-
ing optical (Structure-from-Motion) imagery and LiDAR, in-
frared sensing, Synthetic Aperture Radar (SAR), wireless
sensing fundamentals, ShapeArray Accelerometers and dis-
tributed sensing using fiber optics.

The instructors (Zekkos, Soga, Kayen, Johnson) have signif-
icant experience on the technologies presented and will out-
line the principles of operation and the advantages and dis-
advantages, as well as share examples of projects where
these technologies have been successfully implemented with
the intent to support professionals in selecting the right mon-
itoring technologies that are needed for a range of geo-infra-
structure applications.

Due to COVID, the course will be offered online this year, but
can also accommodate participants in all time zones by mak-
ing the recorded lectures available online.

More information, and registration, for this course can be
found here: https://www.geoengfdn.org/

If you have any questions, feel free to contact Dimitrios

Zekkos at zekkos@berkeley.edu.
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Hidden Tunnels: tunneling as political resistance
PhD Research Project: Invitation to Interview

The aim of this research project is to consider how tunnels
can be used by people to hide from state authorities. The
knowledge and expertise required to construct or refurbish
hidden tunnels cannot be acquired in isolation, and relies
upon networks of information and learning which cross inter-
national borders and political ideologies. To this end, this re-
search project would consider subterranean spaces of the oc-
cupied territories of the Gaza strip and the West Bank, tun-
nels under the US-Mexico border, tunnels under the Berlin
Wall during the Soviet occupation of East Germany, and
those used by environmental activists here in the UK. Other
such tunnels are those used at Cu Chi during the Vietnam
war, the Island of Pilau in World War 2, as well as resistance
fighters in the Netherlands and in Odessa, Ukraine.

The intention of the project is to interview people (especially
tunnel engineers) who are linked to the planning, construc-
tion and application of tunneling in a variety of environments,
and authorities and agencies whose responsibilities include
the detection and securing of subterranean spaces. The aim
is to develop a deeper understanding of the risks and chal-
lenges secret tunneling creates, and the possibilities alterna-
tive expressions of exilic spaces provide.

As a (new) member of the British Tunneling Society, I would
value the opportunity to learn more about the unique field of
civil engineering which tunneling engineers inhabit, espe-
cially the challenges and solutions around keeping tunneling
*hidden’ from the surface.
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If you would be willing to help us non-specialists in our re-
search via an anonymous on-line interview, please feel free
to contact me at any stage.

Thank you.

Mr Timothy Duroux

PhD Candidate

School of Sociology, Politics and International Studies
(SPAIS)

11 Priory Rd, Bristol, BS8 1TU

University of Bristol

https://secrecyresearch.com/about

td4498@bristol.ac.uk
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Ma TIC NaAQIOTEPEG KATAXWPNJEIC NEPITTOTEPEG NANPOPOPIEC
unopoUv va avalntnBoulv oTa nponyoupeva TeUXn TOU «ne-
plodIkoU» Kal OTIC NapaTIBEPEVEG I0TOOENIDEG.

AOYw TN navdnuiag Tou Kopwvoiol, unapxouv aAlayég ite
oTov TPONo JIeEaywyng Twv cuvedpiwv (UE PUOIKN Napouaia
n virtual), €ite Twv nuepounVvI®V dIEEaywyng KANoIwV OUve-
Opiwv. ZuvioTaTal va eA€yxeTe TNV nuepopnvia dieEaywyng
an’ euBegiag oTov 10TOTOMNO TOU CUVESpioU.

Postponed ISGPEG 2020 International Conference on Inno-
vative Solutions for Geotechnical Problems in Honour of Prof.

Erol Guler, 2021, Istanbul, Turkey, www.isgpeg2020.org/en

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

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

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

o3

3rd International Tunnelling Forum
03.02.2021 - 04.02.2021, Poland, On-line
https://en.kongresdrogowy.pl/konferencja/115-3rd-
international-tunneling-forum

It has already become a tradition that the series of confer-
ences of the Polish Road Congress begins each year with a
Forum devoted to the construction and operation of tunnels.
After two editions of the Polish Tunnel Forum, in 2021 the
event has a new name - the 3rd International Tunneling Fo-
rum. This emphasizes its scope, presenting the experiences
of different countries and the number of participants that is
expanding every year. The growing position of the Tunneling
Forum is confirmed with the endorsement by the Interna-
tional Tunnelling and Underground Space Association ITA-
AITES. The honorary patronage was also taken by the Gen-
eral Director of National Roads and Motorways.

This time, due to the restrictions caused by the pandemic,
instead of Wroctaw, we kindly invite you to an on-line confer-
ence. During the conference, design, execution and hardware
solutions in tunneling construction will be presented, based
on examples of specific projects implemented in various
countries and in Poland. It will be an overview of the different
technologies used in tunnel construction, depending on the
location and geological conditions. The second basic thematic
block will be experiences from the functioning of the existing
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tunnels in terms of ensuring safety. They are mainly about
fire safety and the related providing of proper ventilation.

Provisional agenda

e Inaugural Session I

e Session II: Tunnel construction technologies

e Session III: Underwater Tunnels

e Session IV: Factors affecting safety in tunnels

e Session V: Construction and operation of tunnels

Contact

Stowarzyszenie Polski Kongres Drogowy
ul. Jagiellofska 80

03-301 Warszawa

NIP: 113-25-42-106

Tel. +48 22 675 08 15

Mob. +48 605 200 214

Email: biuro@kongresdrogowy.pl

www.kongresdrogowy.pl

(C249-0)

Virtual XIII International Symposium on Landslides - Land-
slides and Sustainable Development, 22-26 February 2021,
Colombia, www.scg.org.co/Xxiii-isl

ICOLD-CIGB 2020 NEW DELHI Sustainable Development of
Dams and River Basins, 24-27% February 2021, New Delhi,
India, https://icold2020.0rg (physical and virtual)

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

Second International Conference on Geotechnical Engineer-
ing - Iraq 2021, 5-6 April 2021, Akre (Agrah), Duhok, Iraq,
http://ocs.uobaghdad.edu.ig/index.php/icgeotecheng/icgte

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

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

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

o3 D

oth ITnternational Symposium on Geomechanics
3 - 6 May, 2021, Medellin, Colombia

Organizer: Sociedad Colombiana de Geotecnia and Univer-
sidad Nacional de Colombia
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Telephone: + 57 4 425 5146

E-mail: gaalzate@unal.edu.co
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ATS 2020 AUSTRALASIA TUNNELLING CONFERENCE, 10th -
13th May 2021, Melbourne, Australia, www.ats2020.com.au

EUROGEO WARSAW 2020 7" European Geosynthetics Con-
gress, 16-19 May 2021, Warsaw, Poland, www.eurogeo?7.org

TISOLS Tenth International Symposium on Land Subsidence,
Living with Subsidence, 17-21 May 2021, Delft - Gouda, the

Netherlands, www.tisols2020.org/tisols2020

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

Virtual 2020 CHICAGO ICTG International Conference on
Transportation Geotechnics, May 23 - 26, 2021, Chicago, II-
linois, USA, http://conferences.illinois.edu/ICTG2020

Fifth International Conference on New Developments in Soil
Mechanics and Geotechnical Engineering, 27 - 29 May 2021,

Nicosia, Northern Cyprus https://zm2020.neu.edu.tr/

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

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

ence.org

MSL 2021 The 1st Mediterranean Symposium on Landslides
SLOPE STABILITY PROBLEMS IN STIFF CLAYS AND FLYSCH
FORMATIONS, 7-9 June 2021, Naples, Italy,
https://medsymplandslides.wixsite.com/msl2021

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

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

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

Joint meeting of ISSMGE TC201 and TC210, ICOLD TC E and
TC LE “Dams and Levees: Particle Movements - Case Stud-
ies, Experiments, Theory”, June 16-19, 2021, Budapest,
Hungary, www.isc6-budapest.com

6th International Conference on Geotechnical and Geophysi-
cal Site Characterization “Toward synergy at site characteri-
sation”, June 16-19, 2021, Budapest, Hungary, www.isc6-
budapest.com

EGRWSE 2020 - 3 International Conference on Environmen-
tal Geotechnology, Recycled Waste Materials and Sustainable
Engineering, 17-19 June 2021, Izmir,  Turkey,
www.egrwse2020.com
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2" ICPE 2021 The Second International Conference on Press-
in Engineering, 19-21 June 2021, Kochi, Japan, https://icpe-
ipa.org/

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

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

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

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

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

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

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

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

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

PanAm Unsat 2021 3rd Pan-American Conference on Unsatu-
rated Soils, 25-28 July 2021, Rio de Janeiro, Brazil,
https://panamunsat2021.com

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

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

COMPLAS 2021 XVI International Conference on Computa-
tional Plasticity, Fundamentals and Applications, 7-10 Sep-
tember 2021, Barcelona, Spain, https://con-

gress.cimne.com/complas2021/frontal/default.asp

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

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

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

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

branes2021/frontal/default.asp

37" General Assembly of the European Seismological Com-
mission, 19-24 September 2021, Corfu, Greece,
www.escgreece2020.eu
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EUROCK TORINO 2021 - ISRM European Rock Mechanics
Symposium Rock Mechanics and Rock Engineering from the-
ory to practice, 20-25 September 2021, Torino, Italy,
http://eurock2021.com

This British Tunnelling Society "BTS 2020” Conference and
Exhibition, Sept 30th - Oct 1st, 2021, London, United King-
dom, www.btsconference.com

Virtual EUROENGEO 3RP EUROPEAN REGIONAL CONFERENCE
OF IAEG, 7 - 10 October 2021, Athens, Greece, www.eu-

roengeo2020.org

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

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

ARMS11 11th Asian Rock Mechanics Symposium, Challenges
and Opportunities in Rock Mechanics, 21-25 October 2021,

Beijing, China, www.arms11.com

3

HYDRO

Roles of hydro in the global recovery
25-27 October 2021, Strasbourg, France
www.hydropower-dams.com/hydro-2021

MISSION AND SCOPE

The focus of the conference will be on the impact of hydro-
power worldwide, and optimizing its ongoing contribution to
progress and development, particularly in the post-pandemic
recovery period. Major renewable energy policy drivers, such
as the AU, IRENA, IEA, the EU and the IFIs have agreed that
there will be a need for vast amounts of new hydro and
pumped- storage, in the move to achieve a more sustainable
future, with a greater share of all renewable energy sources,
but especially hydropower.

The French hydropower and dam industry welcomes the
event, and the extensive experience of supporting organiza-
tions EDF and CNR, both within France and abroad, will be
well reflected in the programme, and on the study tours.

CONFERENCE TOPICS

Future developments

The role of hydro in the post-COVID recovery
Hydropower integrated with other RE systems
Identifying development opportunities
Planning and design, including planning tools
Artificial intelligence and computer learning
The need for flexible grid systems
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Transboundary projects

Project structuring and financing

Joint research and planning for cross-border schemes
Responsibilities for safety and hazard risk
Environmental aspects of transboundary projects
Viewpoints from the development banks

Technical issues, including transmission lines

Project financing and structuring
Investment trends and long-term opportunities
Attracting private finance

The shift from BOOT to PPPs

Company, project and country risk management
Concession agreements

Legal, contractual and insurance issues

Valuing full economic benefits and liabilities

Dealing with hazards and risk

Adapting management to address challenge of a pandemic
Experience with climate adaptation strategies
Climate-resilient infrastructure and projects

Challenges of seismicity, landslides, extreme floods and
GLOFs

Warning systems, exclusion mapping and evacuation plans

Civil engineering

New approaches to design and construction

Refurbishment and retrofitting of civil works

Materials for dams

Challenging sites (geological conditions, remote access, ex-
treme climate, etc)

Tunnels and underground works

Safety and risk

Dam and hydro plant safety; design aspects and monitoring
systems

Cyber security

Learning from incidents and failures

Public safety around water infrastructure

Electronic and physical security of gates and spillways

Gate operation (including hot and cold climatic conditions)

Pumped storage

The role of pumped storage for intermittent energy sources
Technical developments in pumped storage

Ancillary benefits of pumped storage

Innovative pumped-storage projects

Hydraulic and electrical machinery
Research and development

Modelling and testing

Machinery design and safety

Smart systems to improve efficiency
Hydro plant operation

Powerplant monitoring and control
Operation and maintenance
Retrofitting and upgrading

Timely refurbishment

Environmental and social aspects

Strategic integration of environmental, social and govern-
ance aspects

Designing environmental mitigation measures
Environmental enhancements during upgrades

Innovative solutions for fish protection and passage
Greenhouse gas emissions accounting

Resettlement programmes

Post-implementation socio-economic assessments

The role of hydro in livelihood improvement/poverty allevia-
tion

Small hydropower

Small hydro potential and benefits
Rural electrification schemes
Innovative small hydro technology
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Marine energy: wave and tidal power

Capacity building and training

Capacity building needs, and developing local expertise
Succession planning and opportunities for young profession-
als

Training programmes

Viewpoints from young engineers

Sedimentation management

Hydraulic research and modelling

Monitoring sedimentation

Sediment removal systems

Design solutions for siltation and erosion
Catchment area management

Young professionals’ research in sedimentation

If you have any questions about submitting an abstract or
the technical programme, please contact us at: Hy-
dro2021@hydropower-dams.com. You can also register to
receive updates on our activities via our website: www.hy-
dropower-dams.com

3

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

Emerging Technologies and Applications for Green Infrastruc-
ture, 28-29 October 2021, Ha Long, Vietnam, https://ci-
gos2021.sciencesconf.org

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

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

2021 GEOASIA? - 7th Asian Regional Conference on Interna-
tional Geosynthetics Society, November 22-26, 2021, Taipei,
Taiwan, www.geoasia7.org

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

GeoAfrica 2021 - 4th African Regional Conference on Geo-
synthetics Geosynthetics in Sustainable Infrastructures and
Mega Projects, 21-24 February 2022, Cairo, Egypt,
https://geoafrica2021.or

ICEGT-2020 2nd International Conference on Energy Ge-
otechnics, 10-13 April 2022, La Jolla, California, USA,
https://icegt-2020.eng.ucsd.edu/home

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

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

3
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CPT'22

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

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

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

Organizer

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

Contact Information

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

Email: guido.gottardi2@unibo.it,

Email: agi@associazionegeotecnica.it

o3 D

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

nia, https://3ecees.ro

o3 D

9th International Congress on Environmental
Geotechnics
Highlighting the role of
Environmental Geotechnics in Addressing
Global Grand Challenges
26-29 June 2022, Chania, Crete island, Greece
www.iceqg2022.org
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The 9th International Congress on Environmental Geotech-
nics is part of the well established series of ICEG. This con-
ference will be held on an outstanding resort in the town of
Chania of the island of Crete in Greece. The theme of the
conference is "Highlighting the role of Environmental Ge-
otechnics in Addressing Global Grand Challenges" and will
highlight the leadership role of Geoenvironmental Engineers
play on tackling our society's grand challenges.

Contact Information

e Contact person: Dr. Rallis Kourkoulis
e Email: rallisko@grid-engineers.com

@ D

IS-Cambridge 2020 10%™ International Symposium on Geo-
technical Aspects of Underground Construction in Soft
Ground, 27 - 29 June 2022, Cambridge, United Kingdom,
www.is-cambridge2020.eng.cam.ac.uk

3

%%F

UNS AT 2022 e o oresce

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

3

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

Themes

e Rock mass Characterization

e Geophysics in rock mechanics

e Mechanics of rock joints

e Jointed rock mass behaviour

e Rock support, probability based design
e Rock stress measurements

e Constitutive modelling of rock

e Rock drilling
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e Blast induced fractures

e Rock engineering and mining education

e Geological disposal of spent nuclear fuel

e Recent advances in rock mechanics research
e Field and laboratory investigations

e Case studies

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

(C249-0)

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

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

o3 D

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

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

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

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

o3 D

15th ISRM

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

Contact Person: Prof. Wulf Schubert
E-mail: salzburg@oegg.at

ZeAida 46



mailto:rallisko@grid-engineers.com
http://www.is-cambridge2020.eng.cam.ac.uk/
http://www.ril.fi/en/events/eurock-2022.html
mailto:lauri.uotinen@aalto.fi
mailto:icambulat@unsw.edu.au
http://www.12icg-roma.org/
https://www.kivi.nl/afdelingen/geotechniek/stress-wave-conference-2022
https://www.kivi.nl/afdelingen/geotechniek/stress-wave-conference-2022
https://www.icold2020.org/
mailto:salzburg@oegg.at

ENAIAGEPONTA
FEQTEXNIKA NEA

Gamsberg mine in South Africa: when is a land-
slide a geotechnical failure?

Gamsberg mine is a comparatively new open cast pit in the
Northern Cape, South Africa. Operated by Vedanta Zinc In-
ternational, it currently produces 400,000 tonnes of ore per
month. Once full production capacity is reached Gamsberg is
expected to produce 4 000,000 tonnes of ore and 250,000
tonnes of zinc-in-concentrate per year. The current reserve
and resource is 214 million tonnes, and operations are esti-
mated to last about 30 years.

On 17 November at about 1:15 am Gamsberg suffered what
its owners are describing as a “geotechnical failure” that was
sufficiently large to require that the company release a formal
statement. The failure occurred in a high wall excavation
known at a part of the mine known as the South Pit. At the
time of the failure there were ten members of staff at the
bottom of the pit. Eight were rescued, but it appears that
the other two were killed.

The failure is sufficiently large that it is clearly visible on the
daily Planet Labs imagery. The images below show the South
Pit; the left image was captured on 14 November, before the
landslide, and the image on the right was captured after the
event on 17 November.

._,-? . ol

Planet Labs imagery showing the Gamsberg mine before the
failure (left, collected on 14 November 2020) and after
(right, collected on 17 November 2020).

This image provides an overview of the landslide itself:
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An overview of the landslide at Gamsberg mine. Image
posted anomalously to Reddit.
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Whilst this image shows the damage caused by the land-
slide:-

The damage caused by the landslide at Gamsberg mine.
Image posted anomalously to Reddit.

There is very little additional information about this very large
mining landslide. The impact on the workers in the mine and
to the equipment above suggests that it might not have been
anticipated. As high wall mines often have sophisticated
monitoring of their slopes, it is increasingly unusual for the
operators to be taken by surprise by such events.

Reference and acknowledgement
Planet Team (2020). Planet Application Program Interface: In

Space for Life on Earth. San Francisco, CA.
https://www.planet.com/

(Dave Petley / THE LANDSLIDE BLOG, 2 December 2020,
https://blogs.agu.org/landslideblog/2020/12/02/grams-

berg-1)

o3 D

Haines, Alaska: a major landslide leaves people
missing

Heavy rainfall this week triggered landslides around the town
of Haines in Alaska, causing extensive damage. Around 200
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mm fell on Tuesday and Wednesday, with the additional ef-
fect of melting snow pack. Heavy rain on snow is a scenario
that he previously proven to be effective in generating fail-
ures.

The largest failure appears to have occurred at the Beach
Road residential area close to the town of Haines. The image
below of the landslide has been published by Alaska Public
Media. It seems that four houses were destroyed:-

The landslide in Haines, Alaska on Wednesday, Dec. 2.

The landslide in Haines, Alaska on Wednesday, Dec. 2.

This is clearly a major rockslide. Note the shattered timber
at the foot of the landslide. Whilst initial reports indicated
that six people might be missing in this landslide, most of
those have now been accounted for. However, two people,
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the residents of one of the houses destroyed, remain miss-
ing. If they were in the property at the time of the landslide
then the prospects are bleak.

This looks to be a relatively deep-seated rock slope failure
high up on the slope, with entrainment of material along the
length of the slope to the water. The timber is extremely
shattered, suggesting an energetic failure. Most of the debris
appears to be under the water. Some images show pieces of
destroyed timber houses floating in the water.

Other landslides have been reported, most notably at the Ma-
caulay Salmon Hatchery in Juneau, where a water pipeline
supplying the hatchery was destroyed by a slip. As the site
was without a source of freshwater, the staff at the hatchery
have been forced into destroying their stock of young chinook
salmon and rainbow trout, which would have been released
in the spring, as well as many of the young coho salmon.

Acknowledgement

Many thanks to a number of people who contacted me di-
rectly or via Twitter about this slide. I have drawn heavily on
the links that you sent.

(Dave Petley / THE LANDSLIDE BLOG, 4 December 2020,
https://blogs.agu.org/landslideblog/2020/12/04/haines-1)
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Mindu in Tibet: detecting precursors of an im-
minent landslide

With the possible exception of some landslides triggered by
earthquakes, large slope failures generally develop strain
(movement) prior to failure. The failure process involves the
progressive deformation of the slope — a shear surface may
form in the base of the landslide, tension cracks form, lateral
scarps develop, etc. A classic case is the Barry Arm landslide
in Alaska, where movement on the slope has led to the de-
velopment of very large tension cracks. There is strong evi-
dence that over time the rate of movement increases as fail-
ure approaches. This increase in deformation is the basis of
various methods of prediction of the time of failure (with suc-
cess in some circumstances).

One challenge of course is to use this knowledge to identify
and monitor slopes that might be undergoing failure. The
holy grail is to have a remote monitoring system that collects
data at a regional or national scale and then identifies slopes
that are actively deforming. InSAR provides one potential ba-
sis for this, and national scale deformation maps are now
available, but identifying correctly slopes that might be dan-
gerous requires more work and a better understanding.

Another approach, applicable for individual landslides at the
moment, is to use imaged correlation approaches from opti-
cal satellite imagery. In this approach, pairs of images are
compared. Perhaps surprisingly, image processing can allows
deformations on the scale of 3 to 10% of a pixel to be de-
tected. The Sentinel-2 satellites have an image resolution of
about 10 metres, so deformation of less than a metre can be
measured.

In an open access paper in the journal Natural Hazards and
Earth System Sciences, Yang et al. (2020) have used image
processing of Sentinel-2 imagery to examine the movement
through time of a developing failure near to the town of Mindu
in Tibet. This is a large area of slope deformation - this is
the Google earth image collected in 2011 for example:-
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Google Earth

A Google Earth image of the landslide near to Mindu in Tibet

The location of this landslide is 30.582, 98.925. Whilst there
is little in the way of the landslide, clearly a major rock slope
failure at this site near to Mindu would potentially block the
river, creating a substantial hazard downstream.

The image processing by Yang et al. (2020) has demon-
strated that this landslide is actively deforming. Perhaps
most interestingly, between November 2015 and November
2018 the slope showed less than 2 metres of movement.
However, between 2018 and 209 the slope moved over 6
metres. The research team were able to then look at a larger
number of images in this more rapid movement period, find-
ing that in the rainy season (summer and autumn) the move-
ment rate accelerated.

This study demonstrates that processing of optical satellite
imagery can allow high quality monitoring of dangerous
slopes to be undertaken. It is another step along the way
towards the goal of high quality early warning systems for
slopes in high mountain areas.

Reference

Yang, W., Liu, L., and Shi, P. 2020. Detecting precursors of
an imminent landslide along the Jinsha River. Natural Haz-
ards and Earth System Sciences, 20, 3215-3224,
https://doi.org/10.5194/nhess-20-3215-2020.

(Dave Petley / THE LANDSLIDE BLOG, 10 December 2020,
https://blogs.agu.org/landslideblog/2020/12/10/mindu-1)

Detecting precursors of an imminent landslide
along the Jinsha River

Wentao Yang, Lianyou Liu, and Peijun Shi
Abstract

Landslides are major hazards that may pose serious threats
to mountain communities. Even landslides in remote moun-
tains could have non-negligible impacts on populous regions
by blocking large rivers and forming dam-breached mega
floods. Usually, there are slope deformations before major
landslides occur, and detecting precursors such as slope
movement before major landslides is important for prevent-
ing possible disasters. In this work, we applied multi-tem-
poral optical remote sensing images (Landsat 7 and Sentinel-
2) and an image correlation method to detect subpixel slope
deformations of a slope near the town of Mindu in the Tibet
Autonomous Region. This slope is located on the right bank
of the Jinsha River, ~80 km downstream from the famous
Baige landslide. We used a DEM-derived aspect to restrain
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background noise in image correlation results. We found the
slope remained stable from November 2015 to November
2018 and moved significantly from November 2018. We used
more data to analyse slope movement in 2019 and found ret-
rogressive slope movements with increasingly large defor-
mations near the riverbank. We also analysed spatial-tem-
poral patterns of the slope deformation from October 2018 to
February 2020 and found seasonal variations in slope defor-
mations. Only the foot of the slope moved in dry seasons,
whereas the entire slope was activated in rainy seasons. Until
24 August 2019, the size of the slope with displacements
larger than 3 m was similar to that of the Baige landslide.
However, the river width at the foot of this slope is much
narrower than the river width at the foot of the Baige land-
slide. We speculate it may continue to slide down and
threaten the Jinsha River. Further modelling works should be
carried out to check if the imminent landslide could dam the
Jinsha River and measures should be taken to mitigate pos-
sible dam breach flood disasters. This work illustrates the po-
tential of using optical remote sensing to monitor slope de-
formations over remote mountain regions.

How to cite.

Yang, W., Liu, L., and Shi, P.: Detecting precursors of an im-
minent landslide along the Jinsha River, Nat. Hazards Earth
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Large landslides cause major damage in
Seydisfjordur, Iceland

A series of landslides have been reported in the town
of Seydisfjordur, Iceland, causing major damage to at
least 10 houses and electrical poles. A red alert phase
has been in effect in the area since December 15, 2020,
with fears that more houses would be lost in the slips,
while residents nearby Eskifjoréur had to be evacu-
ated as well due to the hazards. The landslips occurred
following days of heavy rain-- meteorologists said the
precipitation from December 14 to 18 was the most
recorded during a five-day period in the country.

On Friday, December 18, residents in the town were evacu-
ated after a large landslide damaged at least 10 houses. Local
reports said only first responders, meteorologists, reporters,
and electrical repair team has been allowed in the area.

Around 700 people reside in the town, and some of them
stayed with friends, relatives, or at hotels in nearby commu-
nities.
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Kristin Bjérg Olafsdéttir, a climate specialist at the Icelandic
Met Office told Iceland Monitor that up to 570 mm (22 inches)
of rain fell in the town from December 14 to 18-- the most
recorded in a five-day period in Iceland. By comparison, the
average yearly precipitation in Reykjavik is 860 mm (34
inches).

Seydisfjorour Aftermath
Maorw info in the video description

Seydisfjordur Landslide Aftermath - New Drone Footage
https://www.youtube.com/watch?v=YmjoZ7JRI31&fea-

ture=emb logo
"All of us are very grateful that no lives were lost," said Hildur

Pdrisdottir, former president of the Seydisfjordur town coun-
cil. "Amid this whole disaster, that is a miracle."

Look at the deluge.

Town in Iceland evacuated after mudslide hits - BBC News
https://www.youtube.com/watch?v=0VLVZ7TzrKA&fea-
ture=emb logo
The Department of Civil Protection and Emergency Manage-

ment issued a red alert phase for the area on Tuesday, De-
cember 15.

"I fear this isn't over yet, and that we'll lose more houses,"
Hildur added. "It is clear that an enormous amount of water
has accumulated in the mountains."

LANDSLIDE
UNIQUE FQOTAGE

b »l o) ooo/2s2

Landslide hits an Icelandic Town - Unique Footage
https://www.youtube.com/watch?v=2mr amZQQhw&fea-
ture=emb logo

"A great deal of work is ahead, cleaning, and rebuilding. At
the same time, people show incredible solidarity. Seydisfjor-
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dur is a community of residents who love living there. The
people were resilient already, and I hope that resilience will
carry them through this terrible shock."

As the risk of further landslides remains, residents in parts of
nearby Eskifjoréur had to be evacuated. Mountainsides re-
main saturated with rainwater, and fissures in an old road
above the town were reported to have grown wider.

(Julie Celestial / THE WATCHERS, December 21, 2020,
https://watchers.news/2020/12/21/iceland-landslide-de-
cember-2020)

o3 D

Faroe Islands: Inside the undersea tunnel net-
work

The Faroe Islands are set to open an under-sea round-
about following more than three years of construction.

The underwater tunnels connect the islands of Streymoy and
Eysturoy in a network some 6.8 miles (11km) long. The net-
work is scheduled to open on 19 December.

The tunnel network will come as a relief to residents, cutting
down the travel time between the capital Torshavn and Runa-
vik, from an hour and 14 minutes to just 16 minutes.

The lowest point of the tunnel network is 187m (613ft) below
sea level.

The Faroe Islands, a series of 18 islets in the North Atlantic
located halfway between Iceland and Norway, constitute an
autonomous region of Denmark.

In order to ensure the safety of those using the tunnel, the
steepest incline is no more than a 5% gradient, the company
behind the tunnels confirmed.
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A test-run involving emergency services is scheduled for 17
December, according to local media.

The roundabout in the middle of the network will contain art-
work by Faroese artist Trondur Patursson. The art will com-
prise sculptures and light effects.

Those using the tunnels will be required to pay a toll fee.
Local.fo, a Faroese news website, reports that passenger cars
will have to pay 75 Danish Krona (£9.10) one way.

Locals can sign up to a subscription which makes it cheaper.
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According to contractors NCC, the tunnels are the biggest in-
frastructure investment ever made on the Faroe Islands.

Another tunnel is currently under construction, connecting
the islands of Sandoy and Streymoy.

(BBC, 4 December, https://www.bbc.com/news/world-eu-
rope-55195390)
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Weathering, Erosion, and Deposition Song

This song compliments "The Rock Cycle Rock" and focuses on
the processes that change Earth's surface; weathering, ero-
sion, and deposition. It explains how water, wind, and ice are
chief agents of these changes that happen constantly. Often
these changes are slow, but they are happening nonetheless.
Use this song with upper elementary and middle school learn-
ers.

https://www.youtube.com/watch?v=6 e5CGBZXZs

Jerry Hull School Songs and Science

AAielBnke ano Tnv ouvadeA@o Katepiva ZiwTtonouAou Kate-
rina Ziotopoulou @KaterinaZiot, Enikoupn Ka@nynTpia oTo
University of California, Davis, n onoia TiTiBioe «Just found
this gem. Will it be featured in my @ucdaviscee ECI 171 soil
mechanics winter quarter Week 1? Yes, yes it will.»

3

Crowley Lake Columns
Mono County, California

Eons old volcanic activity created one of the most stun-
ning rock formations in the United States.

Hundreds of thousands of years in the past when the Long
Valley Caldera was created by violent volcanic action, the ul-
tra hot lava flows created California’s Bishop Tuff tableland
range, an otherworldly length of stony waves and columns.

The giant plateau formation sits in one of the world’s most
interesting volcanic areas. Over 767,000 years in the past a
massive volcanic eruption sent rivers of lava cascading over
the surrounding desert which had just been covered by falling
ash. As the colossal torrents of lava washed over the built up
ash it baked the ash to a layer of stone in an instant.

Now after millennia of erosion from wind and water the bot-
tom layer and the top layer of cooled lava can be clearly seen,
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taking the form of rocky waves bisected by a dividing line. In
certain sections along the tuff, the stone has turned into bulb-
ous columns known as “degassing pipes” creating a veritable
forest of oddly shaped stone. The Bishop Tuff also sits near
the equally alien Mono Lake where the only traces of non-
carbon-based life were discovered.

-

2
-
=
]
=
8
|.=

https://www.atlasobscura.com/places/crowley-lake-columns
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Massive supercontinent will form hundreds of
millions of years from now

Converging continents could reshape global climate.

The supercontinent Pangaea dominated Earth's surface until
about 200 million years ago.
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Supercontinents — giant landmasses made up of multiple
continents — could emerge again on Earth 200 million years
from now, and where they form on the globe could drastically
affect our planet's climate.

Scientists recently modeled this "deep future" view of Earth
with a supercontinent makeover, presenting their findings
Dec. 8 at the annual meeting of the American Geophysical
Union (AGU), held online this year. They explored two sce-
narios: In the first, around 200 million years in the future,
nearly all continents push into the Northern Hemisphere, with
Antarctica left all alone in the Southern Hemisphere; in the
second scenario, about 250 million years in the future, a su-
percontinent forms around the equator and extends into
Northern and Southern Hemispheres.

For both, the researchers calculated the impact on global cli-
mate based upon the supercontinents' topography. They
were surprised to find that when continents were pushed to-
gether in the north and the terrain was mountainous, global
temperatures were significantly colder than in the other mod-
els. Such an outcome could herald a deep freeze unlike any
in Earth's past, lasting at least 100 million years, scientists
reported at AGU.

Earth's continents didn't always look the way they do today.
Over the past 3 billion years or so, the planet has cycled
through multiple periods where continents first crowded to-
gether to form immense supercontinents and then broke
apart, according to lead study author Michael Way, a physical
scientist at the NASA Goddard Institute for Space Studies in
New York.

Earth’s many ancient continents — The first half-billion years
of Erath science were gnarly.

The most recent supercontinent (relatively speaking) was
Pangaea, which existed from about 300 million to 200 million
years ago and included what is now Africa, Europe, North
America and South America. Before Pangaea was the super-
continent Rodinia, which existed from 900 million to 700 mil-
lion years ago, and prior to that was Nuna, which formed 1.6
billion years ago and broke apart 1.4 billion years ago, Live
Science previously reported.

Another team of scientists had previously modeled super-
continents of the far distant future. The supercontinent they
dubbed "Aurica" would coalesce in 250 million years from
continents collecting around the equator, while "Amasia"
would come together around the North Pole. For the new
study, Way and his team took the Aurica and Amasia land-
masses and different topographies — highly mountainous;
flat and close to sea level; or mostly flat but with some moun-
tains — and plugged them into a circulation model called
ROCKE-3D, Way told Live Science.

Simulations show possible land configurations for supercon-
tinents in a "far future" Earth. (Image credit: M.J. Way, H.S.
Davies, Joao Duarte, J.A.M. Green)
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In addition to plate tectonics, other parameters informed the
models' calculations for deep future Earths, based on how
Earth changes over time. For example, 250 million years from
now, Earth will spin just a little slower than it does today,
which the model took into account, Way explained.

"Earth's rotation rate is slowing down over time — if you
move 250 million years into the future, the day length in-
creases by about 30 minutes, so we put that into the model
to see if that had an effect," Way said. Solar luminosity will
also slightly increase in 250 million years, "because the sun
is gradually getting brighter through time," he said. "We put
that into the model also, so we increased the amount of ra-
diation the planet sees."

The most unexpected result in their models was that global
temperatures were colder by nearly 7.2 degrees Fahrenheit
(4 degrees Celsius) in a world with a mountainous Amasia
supercontinent in the Northern Hemisphere. This was mostly
because of a strong ice albedo feedback. Snow and ice in this
northern supercontinent at high latitudes created permanent
cover over land during the summer and winter months, "and
that tends to keep the surface temperature a couple of de-
grees colder than in all the other scenarios," Way said.

By comparison, in models of a less mountainous Amasia,
lakes and inland seas were able to form. They transported
atmospheric heat northward from the equator, seasonally
melting snow and ice so that the land wouldn't be perma-
nently frozen.

On Earth today, ocean circulation carries heat to far northern
regions, traveling around Greenland and through the Bering
Strait. But when a supercontinent forms and those avenues
close, "then you can't transport that warm ocean heat from
lower latitudes or southern summer up north to melt and
keep things warm," Way said.

Earth's more recent ice ages lasted for tens of thousands of
years. But the formation of Amasia could usher in an ice age
that would be significantly longer.

"In this case, we're talking about 100 million years, 150 mil-
lion years," Way said.

What might that mean for life on Earth? As tropical lowlands
vanish, so too would the incredible biodiversity that they sup-
port. However, new species could emerge that would be
adapted to survive in extremely cold environments, like they
did during earlier ice ages.

"When you give evolution enough time, it finds a way to fill
every ecological niche in some way," Way said. And in a sit-
uation such as this, where exceptional cold would dominate
the planet for 100 million years or more, "that's a long time
for evolution to work," he said.

(Mindy Weisberger - Senior Writer / LIVESCIENCE,
14.12.2020, https://www.livescience.com/agu-future-earth-
supercontinent-climate.html)

(C249-0)

Underground observatory to show scientists
what lies beneath the Earth's surface

The compound in Glasgow is home to 12 boreholes which are
between 16 to 199 metres deep.
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Scientists will be able to use scanning equipment at the
Glasgow Observatory

An underground observatory in Glasgow will give scientists
from around the world a chance to look at what lies beneath
the surface of the Earth.

The Glasgow Observatory is made up of 12 boreholes be-
neath manhole covers within a fenced compound.

Each one is 16 to 199 metres deep and fitted with 319 state-
of-the-art sensors to help better understand the subsurface.

A virtual event will mark the official opening of the site, with
scientists around the world being invited to apply to use it
from March 2021 - in line with coronavirus restrictions.

The team behind the facility suggest it will help decarbonise
UK energy supply and achieve the country's goal of net zero
emissions by 2050.

-

An image taken from the facility shows what scientists will
see beneath the surface

Dr Karen Hanghoj, executive director of the British Geological
Survey, said: "The Glasgow Observatory builds on the city's
industrial past.

"The data from Glasgow's abandoned mines will help us un-
derstand the processes and impacts of a mine water heat
source and potential heat store as a sustainable way of heat-
ing homes and businesses in our cities.

"Over the next 15 years, the network of boreholes will mon-
itor any changes in the properties of the environment below
the surface, and help close the knowledge gap we have on
mine water heat energy and heat storage.

"While today is the official opening, the Glasgow Observatory
has been supplying scientists with open access data since
drilling began in 2018.

"There is no other publicly-funded observatory like this in the
world, and it is very fitting that it is located in Glasgow, which
will host Cop26 next year."

TA NEA THZ EEEEI'M - Ap. 145 - AEKEMBPIOZ 2020

A second observatory is planned for another site in Cheshire.

The equipment at the site will be available to scientists from
all over the world

Professor Sir Duncan Wingham, executive chairman of the
Natural Environment Research Council, said: "The Glasgow
Observatory is the first of our UK observatories that will cre-
ate a high-resolution understanding of the underground sys-
tem, providing a breakthrough in our knowledge of what lies
beneath us.

"Heat from mine water is one form of geothermal energy, and
it has great potential to help the UK decarbonise its heat sup-
ply and meet net zero targets."

Professor Dame Anne Glover, president of the Royal Society
of Edinburgh, also said: "It makes sense that the UK's first
geoenergy observatory is in Glasgow, given Scotland's geol-
ogy is world famous.

"With the government's target of achieving net zero emis-
sions by 2050, emerging low carbon technologies may offer
the best solutions to shaping future energy policy.

"This observatory will be absolutely key for scientists to ad-
vance the study of renewable energy and is a great example
of how Scotland is leading the way in energy innovation and
investigating the viability of alternative energy sources."

(sky news, Monday 7 December 2020,
https://news.sky.com/story/underground-observatory-to-
show-scientists-what-lies-beneath-the-earths-surface-
12153869)
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Salt Rocks, Iran
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EAANVIKN NpwTid o€ 316vn diaymvioho onnAaio-
puToypagiag

‘EAANvag 313akTopag yewAoyiag Tou AlNO képdioe He
PpwToypagia Tou onnAaiou Ayyitn

H pwToypagia Tou XprioTou Mévvou nou anéonace Tnv
npwTn B£€0N OTIG NPOTIUNOEIG TOU KOIVOU

Me pia wToypagia oTnv onoia «aiXHaAwTioe» padi pe @iloug
TOU Mou kpatoUoav QAACIEPEC, MIA QWTEIVH CTIYWN ano €va
onueio Tou kKaTaokoTelvou onnAaiou Ayyitn (Maapa), 010a-
KTOpag yewAoyiag Tou AMNO anéonaces TNV nNpwTtn 6£0n oOTIC
NPOTIMAOCEIG TOU KoIvoU, o€ 81eBvr) diaywviouo onnAaiopwTo-
ypaogiac.

«Aev gipal pWTOYPAPOG, €ipal YEWAOYoc», dAwoe o XproTog
Mévvog, o onoiog epyddeTal wg eniokenTng KabnynTng oto MNa-
VENIOTAMIO Tou Mnépykev, otn NopBnyia. MaAiota, and To
2014 onoTe kai peTakopioe otn NopBnyia, Eekivnoe Tnv €peu-
va TOU Yia To ONNAdIo Tou nNnNywv AyyitTn kabwg kal Tnv &-
peuva og onnAdia Tou APKTIKOU KUKAOU, HE OTOXO TIG AAAAYEG
TOU YRIVOU avayAu@ou Kal TI NaAaIoKAILATIKEG HETABOAEC.

STaAakTiTeG 0TO onnAalo Ayyitn

«'Exw O1anioTWOEl OTIC MEAETEG POU, OPAMATIKA MEIWON TwV
nayoanoBéogswv o€ onnAaia, AOyw TNG KAIMATIKAG aAAayng
nou eniPépel alEnon Twv BPoXoNnTWOEWV. AUTO £XEl WG ano-
TEAEOPA va XAVOUPE ONUAvTIKA dpxeia Nou agopouv naiaio-
KAIMATIKEG nNAnpo@opisc», avagépel. H @wToypagia Tou,
nou PBpaBelTnke avaueoa o€ nepinou 350 CUPPETOXEG, UMO-
BANBnke oTo digbvn diaywviopud connAaiopwToypagiag, He
dlopyavwTeg To Slovak Museum of Nature Protection and
Speleology, 10 Slovak Speleological Society, To Slovak Caves
Administration kal Tov dnpo Liptovsky Mikulds Tng =AoBaki-

ag.

«H Afwn gyive To kalokaipi Tou 2020 kaTa TNV ENiCKEWR HoU
oto onnAaio pali pe Toug onnAaloe€epeuvnTeg MWPYo SwTn-
p1adn, ZTaupo Zaxapiadn kai ApyUupn MavwAa. H douAeid n-
Tav opadikn apou To onnAaio dev £xel KABOAOU PWG Kal XpEl-
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AOTNKE N ouvepyaoia OAWV HaAg yia va BYAAOUUE TIC PwTO-
ypapieg. TonoBeTnBrkape dNAAdr 0€ OUYKEKPIPEVEG BEDEIG PE
PAacIEPEG, unoAoyilovTag TIC OKIEG KAl TO WG Kal BydaAaue
TN QwToypagia Pe TN Qliyoupa Tou MNwpyou ZwTnpiddn HEoa
OTO ONNAAIO MPOKEIMEVOU vVa NETUXOUKME TNV KAAUTEPN KaTa-
vonon Tou HeyEBoug Tou onnAaiou», €Enynos o K. Mévvog,
npooB&TovTag OTI OAoI TOuG gival kal EAn Tou onnAaioAoyikoU
oUAAOYou MpwTéag Oeooalovikng.

H eniokewn, To KaAokaipl, aTo oNRAAio TwV NNy®v AyyiTn nou
gival To peyaAuTtepo oe pnkog onfAaio otnv EAAGda (nepinou
10 XINIONETPA), £YIVE NPOKEIPEVOU O K. MEVVOG va KaTaypayel
TIG evOei&elg and aioBNTAPEG NOU €XEl TONOBETATEI OTOV XWPO
yia va oulAgyel did@opa oToixeia oTo MAdiclo TNG €peuvdag
Tou.

To pHeyaAUTepo notapio oniAaio ornv EAAGSa

To onnAaio nnywv Ayyitn (Maapdag) TonoBeTeiTal Bopeia TNG
udpoAoyikng Aekavng Apduag, nou nepiBAiAeTal ano Ta opn
®dalakpo, Mevoikio, Mayyaio kal ZUpBoAo. Bpiokeral 25 XAM.
BopeloduTika TnG Apapag kal 500p. anod Tov oIKIoPO AyyiTng
Tou Anpou NpoooToavng. Oswpeital HEXP! OTIVUAG TO MEYaAU-
Tepo notduio onnAaio otnv EAAGSa, pe pnkog nepi Ta 15 xi-
NOMETPA, €k TWV onoiwv Ta 12,5 nepinou €xouv xapToypagn-
Oei.
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H 131aITepdTNTA TOU £YKEITAI OTO YEYOVOC OTI 0TO 3Anedd Tou
KUAGEI 0 noTtapdg Ayyitng. O nAouciog dIGKOOUOG Tou MepI-
AauBavel TEpAcoTIOUC OTAAAKTITEC. To onnAdlo €ival €nioke-
WIHO o€ PNAKogG 500 PETPWV EVW OUVOAIKA EKTEIVETAI O€ UNAKOG
avw TV 12 xIAopETpwY. EvTunwaoiakn gival n €£0d0G Tou no-
Tapou p€oa anod To Bouvo. STov UNOyEIo NOTApo Tou annAaiou
kaTtaAnyouv WeTaU GAAwvV, Ta VEPA Tou Agkavonediou Tou
KaTtw Neupokoniou.

To TuAMa Tou annAaiou nou éxel eEepeuvnBei pBavel Ta 7.800
M. ev® nepiAappavel ocuvoAika 10.200 Y. otowv. 'ETol, anoTe-
Aei To peyaAUTepo onnAaio otnv EANGda kabwg To yVwoTo pE-
Xp! ONpepa TUNMa eival 5.278 y. og subeia. Eniong, ival To
deUTEPO PEYaAUTEPO O WNKOC diadpopwv onnAaio ortnv EA-
Aada (npwTo To =nnAaio AupoU pe 12.000 p.).

Eival yvwoTo Kal e To ovopa onnAalo Maapd, n eTupoAoyia
Tou onoiou €ival €ite and Ta apaBikd kai onuaivel YIKPO onn-
Aalo €iTe ano Ta eBpaika Nou onuaivel vepo ano To Bouvo.

'Eva noAU pikpo TURua Tou onnAaiou otnv £€£0d0 Tou noTapou
nTav yvwaoTo anod Tnv apxalotnta. STnv neploxn €xouv Bpebei
NoAAG apXaloAoyIKa supnuaTa Kabwc kal évag XauAlodovTag
and papolB, mou QuAdccovTal oTo ApXdloAoyikd Mouaoeio
Apapag.

ZnnAaio Nnywv Ayyitn

>T0 onnAaio £€xouv Bpebei eniong povadika €idn wapiwv, 6Nwe
n Jnpiava kal To TUAivapl o Badn 6.500 pETpwy, KaBwg Kal
€va povadiko €idog nuIdiapavng neTpokapaBidac Austropota-
mobius torrentium og BaBog 7.100 péTpwy. STO GNnRAAlo xEl
avapepBei n Unapén diIapavwyv YPapiwv.

To onnAaio BpiokeTal oTo Afpo MpoooTodvng Apapag Kai sivai
npooBaciyo anoé Tn Apaua, Tnv KaBaia kai Tn ©gooalovikn.
'Exel a€lonoinBei kai €ival eniokewipgo ano To 2001.

(MépnTtn, 12 NoguBpiou 2020,
https://www.naftemporiki.gr/story/1655658/elliniki-protia-
se-diethni-diagonismo-spilaiofotografias)
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The Bosco Verticale

The Bosco Verticale / Vertical Forest high-rise complex in Mi-
lan, Italy. The plant life, which is said to equal 3 hectares of
forests (20,000 sq m), not only moderates the tempera-ture
in summer and winter but also converts as much as 30 tonnes
of CO2 each year. On top of that, it filters out dust particles,
protects the residents from noise pollution and creates a mi-
crohabitat for insects and birds.

From Wikipedia:

"The building itself is self-sufficient by using renewable en-
ergy from solar panels and filtered waste water to sustain the
buildings' plant life. These green technology systems reduce
the overall waste and carbon footprint of the towers. Lead
designer Stefano Boeri stated, “It's very important to com-
pletely change how these new cities are developing. Urban
forestation is one of the biggest issues for me in that context.
That means parks, it means gardens, but it also means hav-
ing buildings with trees.”

The design was tested in a wind tunnel to ensure the trees
would not topple from gusts of wind.[11] Botanists and hor-
ticulturalists were consulted by the engineering team to en-
sure that the structure could bear the load imposed by the
plants.

o3
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Growing underground

How Bluebird Network got a data center - and how it
expanded

What makes someone look at a mine and see an ideal spot
for a data center? In the case of Bluebird Network’s under-
ground facility in Springfield Missouri, the story goes back at
least 20 years. Bluebird’s general manager Todd Murren told
us the history.

In 1946, the Griesemer Stone Company began mining lime-
stone from beneath the city of Springfield. The “room and
pillar” method left huge empty underground halls. By the
1960s, Griesemer was offering warehouse space in these
vast caverns.

In the 1980s, the city of Springfield got its own telecoms firm,
SpringNet, when the community-owned utility decided to roll
out broadband. At SpringNet, Murren began looking at the
idea of setting up a secure data center in the 1990s, and
eventually realized the ideal site was 85 feet below him, in
Griesemer's combined mine-and-warehouse, now renamed
Springfield Underground.

“You can’t find anywhere else with the same level of protec-
tion,” he told DCD. “Some people look at the mine and feel
scared or think it’s a bit ominous, but human beings have
been looking to caves for protection since the beginning. We
wanted something that would be safe from dangers that most
data centers faced.”

Missouri is prone to tornados, and a data center underground
is one way to stay safe, but moving to a once-working mine
brings other concerns. "When you’re underground in a mine
you may want to check that you're not building next to a TNT
factory. We set up a seismograph back before we even built
the data center because we're dealing with hard drives and
the last thing you want to do is shake them.

An air shaft inside Bluebird underground

“But we found no problems. I've been there when they deto-
nated explosives in the mine, there’s nothing quite like it,”
he said. “Of course, I was a safe distance away.” Limestone
is structured like a rocky sponge, he explained. It can absorb
shock and is flexible enough to dissipate energy.

Explosives and data centers don't mix

SpringNet bought space in the mine, and soon began con-
struction - with some of the work already done for them: “The
walls, floor, and roof are already built for you.” The low am-
bient temperatures reduced the cooling bill, and expansion
was never an issue as there’s almost unlimited space to ex-
pand into.

Originally, the data center was only going to be partially in
the mine, with auxiliary systems such as generators kept
above ground. But then 9/11 happened.
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"It caused us to pause and rethink some of the design fea-
tures. The mine offers some very reliable natural disaster re-
inforcements, but unnatural events caused us to rethink
them. That pretty much brought the project to a halt.”

Suddenly, SpringNet became very aware of the damage a
plane could do. The redesign brought all of the data center’s
surface assets, generators, and mechanical cooling systems
underground. “Cooling and power,” Murren said. “They're
much like our critical organs in the human body. Our heart
and lungs are protected under our ribcage. So, our redesign
after September 11 brought those elements underground.”

With the rethink, work began in earnest to get the system
ready for a launch in 2003.

"It took about three years,” Murren said. “Three years to
properly prepare the place, smooth out the walls, and install
ventilation and the electrical equipment. We had to come up
with a whole design philosophy and kept on making changes
because of the challenges we faced.”

Before Murren and his team ever moved in, the company that
operated the mine was contracted to prepare the space. Once
enough room had been made, level floors were laid with con-
crete.

Of course, the underground roads into the facility weren’t ex-
actly smooth, so most of the heavy equipment brought into
the mine had to be dismantled or shipped in on special trucks
equipped with suspension controls, and specialists who knew
how to navigate tight spaces were brought in to help.

“We had to remove two old generators and bring in three new
ones. As with most generators, these things are brought to
the job site on a semi-truck. In normal circumstances, a
crane could be used, but when you are in a mine, with only
25 feet of space to the ceiling, you can't use a 100-foot crane.
Getting that generator off a truck and getting it into place
was a challenge,” Murren added. “We had to do a certain
amount of dismantling.”

Another problem was the fuel for the backup generators, a
potential fire hazard in the enclosed space: “When we
started, we had to store around 3,000 gallons of fuel and now
we're storing around 12,000. When you bring those under-
ground in a mine right next to critical operations, you've
brought a risk that you normally don’t have in a [surface]
data center.”

Moving from above ground to below ground

Generators also have to breathe: when they're turned on,
gases such as carbon monoxide and carbon dioxide are re-
leased. The mine is essentially an enclosed environment, so
those generators needed sufficient ventilation.
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By 2014, SpringNet had a thriving underground business,
with 84 tenants including regional healthcare providers, but
the telco wanted to invest in fiber, so it sold the data center
to local telecom provider Bluebird Network.

Mining ceased in 2015, just one year after Bluebird took over,
and the new owners embarked on an upgrade process,
backed by tax incentives from the State - Murren stayed on.

Bluebird has expanded the space in three phases, with help
from Schneider Electric’s data center team. In 2016, it added
4,000 sq ft. In 2018, it kicked off another 4,700 sq ft expan-
sion, and a third one adding some 7,000 sq ft was begun in
2019, leading to an eventual site with some 30,000 sq ft.

If any more space is needed, it's no problem as the mine still
has some five million square feet of tunnels and caverns.

The expansion meant increasing the number of UPS systems,
cooling systems, and generators. This last addition meant
something more had to be done with the exhaust. Poisoning
the workforce was not part of the plan.

“Part of the work on the mine was addressing the exhaust
and getting rid of it. The first thing we do is scrub it, getting
it as clean as we can, and then get it out of the mine.” Until
the expansion, the underground complex's regular ventilation
systems could do the job, but for the expansion, Bluebird
drilled a hole, 65 feet deep and 13-feet-wide, to act as a
chimney for exhaust gases and hot air from the chillers.

During intense lightning storms, something Missouri faces
quite often, electrical spikes were discovered. These ‘anom-
alies,' as Murren calls them, led to the realization that the
data center’s grounding system wasn’t good enough.

“So, since buildings up on the surface get to ground them-
selves by digging down; what do you think you can do when
you're underground?”

The team decided it would be best to dig 340 feet down into
Springfield’s water table. It may sound strange, but lime-
stone is an insulator and the company needed to find a good
conductor to dissipate the voltage.

“So, we grounded ourselves to the water table. There are
many wonderful properties to stone, one being you can’t
electrify it, but the issue is you want something conductible
when you want to ground electricity.”

Modernization can be a challenge to any building, but under-
ground it’s a major challenge. Bluebird Underground is Mur-
ren’s pride and joy and he’s proud to have seen it through all
these stages.

“It's a blessing in disguise. Because now, anything can be
going on, above, and has zero impact on the resiliency of this
data center."

(Alex Alley / DCD, November 19, 2020, https://www.data-
centerdynamics.com/en/analysis/growing-underground/)

o3 D

This We Call Love
SHE said: "tell me something beautiful"

HE replied: (8 + M) No =0
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This is Paul Dirac's equation, and it's the most beautiful of all
physics. It describes the phenomenon of quantum intertwin-
ing, which states that "if two systems interact with each other
for a certain period of time then separate, we can describe
them as two different systems, but in a subtle way, they be-
come a unique system.

What happens to one continues to affect the other, even
within miles or light years. It's quantum intertwining or quan-
tum connection. Two particles that, at one point or another,
are still in some way linked.

No matter the distance between the two, even if they are at
opposite extreme of the universe. The connection between
them is instant.

It's the same thing that happens between two people, a bond
that only living beings can experience.

This is how this relationship works. THIS WE CALL LOVE.

©0+m)N°=o0

Below is the expanded or full form of the equation as Paul
Dirac presented it. Terms can be regrouped to produce the
above in symbolic form.

Note: In the right-hand side i stands for the imaginary num-
ber i = square root of (-1) which is one of the most brilliant
inventions of mathematics.

3
e +¢" aupn ) ¥l 1) = ih o)

n=1
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' Earthquakes

and

Earthquakes and Engineers:
An International History

Robert K. Reitherman, M.Arch.

Earthquakes and Engineers: An In-
ternational History is the first com-
prehensive treatment of the engi-
neering techniques devised around
the world to address seismic problems. Beginning in ancient
times, threading through the Renaissance, and continuing
into the latter half of the 20th century, Reitherman traces the
evolution of humankind’s understanding of the cause and
characteristics of earthquakes and the develop-ment of
methods to design structures that resist seismic shocks. This
book examines the responses not only of structural engi-
neers, but also of geotechnical engineers, architects, and
planners. International efforts in such countries as Japan,
China, India, Chile, Turkey, Italy, and the United States are
placed in the broader social, technological, and economic
contexts of their eras.

This highly readable book is an essential reference for civil
engineers who work on projects in seismic regions. For re-
searchers in the field of the history of science and technology,
the book presents original source material and an extensive
list of references. Written in a straightforward style that is
accessible to nonengineers, it will also be valuable to archi-
tects, planners, officials, and social scientists.

(ASCE Press, 2012)
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ET DE L'ESPACE SOUTERRAIN

INTERNATIONAL TUNNELLING
A I T ES AND UNDERGROUND SPACE
ASSOCIATION
ITA@NEWS

https://about.ita-aites.org/news

KukAogpopnaoe To Teuxog #72 (AekepBpiou 2020) Twv ITA News
ME TA TTAPOKATW TTEPIEXOPEVAL:

MESSAGE FROM JINXIU (JENNY) YAN, ITA PRESIDENT
Dear ITA colleagues,

2021 is around the corner, and 2020 will become history soon. On
behalf of ITA, | would like to take this opportunity to thank you all for
your strong support and joint efforts in this challenging 2020.

We are now living in a fast-changing world. Like other international
organizations, ITA is facing new circumstances and new challenges.
Especially, this year, due to the pandemic of Covid-19, our lives and
ITA activities are being significantly affected. Thanks to advanced dig-
ital platforms, we have been able to meet and work together even in
this difficult time. Actually, with your strong support and joint efforts,
we have moved successfully all our conferences and meetings to dig-
ital platforms including the 46th GA, the WTC2020, ITA Awards 2020
and implemented actively our tasks related to governance and out-
reach.

The value of ITA as an association is that it provides a unique platform
for all its members to share experience and wisdom, and work to-
gether for the good of ITA and the industry. Only by joint efforts, can
we be the leading organization and serve well all ITA members, thus
moving our industry forward as a whole.

The upcoming year 2021 is important for ITA in terms of changes, in-
cluding the new WTC rules for better WTCs in the future, monthly dig-
ital webinars for more frequent technical exchanges, an underground
space forum for further sharing the importance of the underground to
a sustainable society, and communication and cooperation with banks
and investors and other international organizations for promoting bet-
ter use of tunnelling and underground space worldwide. All of these
efforts are aimed at creating together a better and more prosperous
ITA and industry in the future!

| wish you all a healthy, happy and prosperous New Year!

=ITA "
AITES o

<3 At 2
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e WTC 2021: event rescheduled to 2022
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® 2020 ITA TUNNELLING AWARDS: WINNERS ANNOUNCED

Read more

® Webinar on 11 November - Moving beyond the obvious -
Recording now available

® ITA helds a virtual 46th general assembly
e WTC 2020 moved to virtual event

® Webinar 'How cool is underground space' attended by
over 150 participants

World Tunnel Day 2020:24hr online meet-up

® ITA-CET will organize monthly "online lunchtime lecture
series"

® ITA Member Nations report 2019

® Successful webinar on Expanding underground,
Knowledge & Passion to Make a Positive Impact on the

world [REELNIPILE

® The year we lost three of our pioneering greats

® Celebration of the 30th anniversary of CBT
® Enjoy reading the latest ITA-CET newsletter

(C249-0)

International Geosynthetics Society

KukAogpopnoe 1o IGS Newsletter Tng International Geosyn-
thetics Society pe Ta napakdTtw NepIEXOUEVA:

IGS NEWSLETTER - December 2020

Helping the world understand the appropriate value and use
of geosynthetics

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

e Focus On Resilience For 12th ICG READ MORE

e Best Papers of 2019 Announced! Geotextiles and Ge-
omembranes: Best Papers 2019, Geosynthetics Interna-
tional: Best Papers 2019

The Giroud Lecture — A Speaker’s Perspective READ MORE
Keynote Speakers Return For EuroGeo7 READ MORE

IGS Chile Collaborates With GSI READ MORE

10 Questions with... Ian Fraser READ MORE Pietro Rimoldi
READ MORE Preston Kendall READ MORE

IGS Chapter Focus: Greecet READ MORE

IGS Chapter Focus: Thailand READ MORE

IGS Sets Plans For 2021 READ MORE

Sustainability eBook Now In: Chinese!

Calendar of Events

READ MORE AT GEOSYNTHETICSSOCIETY.ORG
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https://about.ita-aites.org/index.php?option=com_acym&ctrl=fronturl&task=click&urlid=2367&userid=1894&mailid=377
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https://about.ita-aites.org/index.php?option=com_acym&ctrl=fronturl&task=click&urlid=2349&userid=1894&mailid=377
https://about.ita-aites.org/index.php?option=com_acym&ctrl=fronturl&task=click&urlid=2370&userid=1894&mailid=377
https://www.geosyntheticssociety.org/12th-icg-resilience-focus/
https://www.geosyntheticssociety.org/geotextiles-geomembranes-best-papers-2019/
https://www.geosyntheticssociety.org/geotextiles-geomembranes-best-papers-2019/
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https://www.geosyntheticssociety.org/best-geosynthetics-international-paper-2019/
https://www.geosyntheticssociety.org/giroud-lecture-speakers-perspective-touze/
https://www.geosyntheticssociety.org/eurogeo7-keynote-speakers-warsaw-2021/
https://www.geosyntheticssociety.org/igs-chile-collaborates-gsi-translations/
https://www.geosyntheticssociety.org/10-questions-ian-fraser/
https://www.geosyntheticssociety.org/10-questions-pietro-rimoldi/
https://www.geosyntheticssociety.org/10-questions-preston-kendall/
https://www.geosyntheticssociety.org/igs-chapter-focus-greece/
https://www.geosyntheticssociety.org/igs-chapter-focus-thailand/
https://www.geosyntheticssociety.org/igs-sets-plans-2021/
https://www.geosyntheticssociety.org/sustainability-ebook-chinese-geosynthetics/
http://r20.rs6.net/tn.jsp?f=00119aKUBwyNepdQvYLdFBMkgQ-00b2oSPvEew4rWBnmr1MU-XXPL_GF5ZWSGtk1OHM-IozwHP_plN32QhmXaDw6bZ61GragKRmJpbVTYJCcXxC_DHhw3PveqHhEmH_VynuHglrrcROZXLWp5Xr0WAcZuvs9OkIbtvi&c=gJgDQMw2o9oW0GAs66zBuy7Oj7NT-LRKf1lDvs2qGdh-dhIYIzouJA==&ch=ME3C6v6TmTzCpLNRak4i4ds4VSMlf4pMTDIC9KIrCoFlmyZFLLMp8g==
http://r20.rs6.net/tn.jsp?f=001TkwV5RNWGphA7ExflvSkpBlBaMfocLb_Cu3WIDoGcsXeimGK-oWqqwhCje8DOeisAqKtFmGOHB7LDKHzac0qhU3sxMMG2yGEX7Z6oaLtjjORHdbwU-KMCDsEPfpZYIBLlz60ybf2Dx1joiE-zhaLXUpXg_8yjGwP&c=TXpJVJA57hIlAs0V7dT4IF9S1oPbyP6jDOnbag4e2Hzdb_ygHEhKDg==&ch=jNKvvFCaKe6Xq3S2XUzdTaQ28Ck9JsAFW45_FkWJmX-QGW8a6iYNuw==

GEOSYNTHETICS

AP T BOCRRAL OF I 18

J

www.icevirtuallibrary.com/toc/jgein/27/6

KukAo@opnoe To Teuxog 6 Tou Topou 27 (AekepuBpiou 2020)
Tou Geosynthetics International Tng International Geo-
synthetics Society pe Ta napakaTw nepiexopeva:

Best Geosynthetics International Paper for 2019, R.]. Bath-
urst, Editor, J.P. Giroud, Chairman of the Editorial Board,
27(6), pp. 572

Effects of pressure on graphene oxide nanoparticle deposition
and transport in GCLs, P. Yang, Y.-h. Liu, K. Yang, Z.-b.
Ouyang, 27(6), pp. 573-580

Encased stone columns: coupled continuum - discrete mod-
elling and observations, A. Gholaminejad, A. Mahboubi, A.
Noorzad, 27(6), pp. 581-592

Thermal desiccation of geosynthetic clay liners under brine
pond conditions, A. Ghavam-Nasiri, A. El-Zein, D. Airey, R.
K. Rowe, A. Bouazza, 27(6), pp. 593-605

Static liguefaction behavior of short discrete carbon fiber re-
inforced silty sand, X. Bao, Z. Jin, H. Cui, G. Ye, W. Tang,
27(6), pp. 606-619

Evaluation of required connection load in GRS-IBS structures
under service loads, F. Gebremariam, B. F. Tanyu, B. Chris-
topher, D. Leshchinsky, J. G. Zornberg, J. Han, 27(6), pp.
620-634

X-ray computed tomography imaging of fibre-reinforced clay
subjected to triaxial loading, M. Mirzababaei, V. Anggraini, A.
Haque, 27(6), pp. 635-645

Predicting strength of soilbags under cyclic compression, F.
Jia, S.-H. Liu, C.-M. Shen, Y. Sun, 27(6), pp. 646-654

Analyzing filtration flow rate change of woven geotextiles for
fine grained slurries, C. McCafferty, G. Hsuan, 27(6), pp.
655-661

Effect of infilled materials and arrangements on shear char-
acteristics of stacked soilbags, K. Fan, S. H. Liu, Y. P. (Helen)
Cheng, J. Liao, 27(6), pp. 662-670

Pullout of geogrids from tire-derived aggregate having large
particle size, I. Ghaaowd, J. S. McCartney, 27(6), pp. 671-
684
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Geolexliles
_ and
Geomenbranes

www.sciencedirect.com/journal/geotextiles-and-
omembranes/vol/48/issue/6

KukAo@popnoe To TeUXoG 6 Tou Topou 48 (AskeuBpiou 2020)
Tou Geotextiles and Geomembrabes Tng International Geo-
synthetics Society pe Ta NapakaTw NeEPIEXOUEVA:

Editorial Board, Page ii

EDITORIAL: Best papers published in Geotextiles and Ge-
omembranes in 2019, R. Kerry Rowe, Chungsik Yoo, Page Al

Regular Articles

A novel transient gravimetric monitoring technigue imple-
mented to GCL osmotic suction control, A.S. Acikel, A.
Bouazza, W.P. Gates, R.M. Singh, R.K. Rowe, Pages 755-767

Effectiveness of geogrid reinforcement in improvement of
mechanical behavior of sand-contaminated ballast, Javad
Sadeghi, Ali Reza Tolou Kian, Hossein Ghiasinejad, Mosarreza
Fallah Mogaddam, Sepehr Motevalli, Pages 768-779

Deterministic and probabilistic assessment of margins of
safety for internal stability of as-built PET strap reinforced soil
walls, Richard J. Bathurst, Yoshihisa Miyata, Tony M. Allen,
Pages 780-792

Liguefaction resistance of fibre-reinforced silty sands under
cyclic loading, Soheil Ghadr, Alireza Samadzadeh, Hadi Ba-
hadori, Arya Assadi-Langroudi, Pages 812-827

Microstructures within and outside the smear zones for soft
clay improvement using PVD only, Vacuum-PVD, Thermo-
PVD and Thermo-Vacuum-PVD, Dennes T. Bergado, Salisa
Chaiyaput, Suthasinee Artidteang, Trong Nghia Nguyen,
Pages 828-843

Effect of geogrid reinforcement on soil - structure - pipe in-
teraction in terms of bearing capacity, settlement and stress
distribution, Selguk Bildik, Mustafa Laman, Pages 844-853

Analytical solutions for geosynthetic-reinforced cohesive sub-
grade spanning trench voids, Fu-quan Chen, Yu-jian Lin, Shi-
xuan Chen, Pages 854-866

Effect of specimen preparation on the swell index of benton-
ite-polymer GCLs, Christian Wireko, Binte Zainab, Kuo Tian,
Tarek Abichou, Pages 875-885

Vertical cyclic loading response of geosynthetic-encased
stone column in soft clay, Ling Zhang, Zeyu Xu, Shuai Zhou,
Pages 897-911

Combined effects of ammonium permeation and dry-wet cy-
cles on the hydraulic conductivity and internal properties of
geosynthetic clay liners, Ta Thi Hoai, Toshifumi Mukunoki,
Pages 912-927

ZeAida 63



https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.2020.27.6.572
https://www.icevirtuallibrary.com/author/Bathurst+Editor%2C+RJ
https://www.icevirtuallibrary.com/author/Bathurst+Editor%2C+RJ
https://www.icevirtuallibrary.com/author/Giroud+Chairman+Of+The+Editorial+Board%2C+JP
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00015
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00015
https://www.icevirtuallibrary.com/author/Yang%2C+P
https://www.icevirtuallibrary.com/author/Liu%2C+Y-h
https://www.icevirtuallibrary.com/author/Yang%2C+K
https://www.icevirtuallibrary.com/author/Ouyang%2C+Z-b
https://www.icevirtuallibrary.com/author/Ouyang%2C+Z-b
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00017
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00017
https://www.icevirtuallibrary.com/author/Gholaminejad%2C+A
https://www.icevirtuallibrary.com/author/Mahboubi%2C+A
https://www.icevirtuallibrary.com/author/Noorzad%2C+A
https://www.icevirtuallibrary.com/author/Noorzad%2C+A
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00020
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00020
https://www.icevirtuallibrary.com/author/Ghavam-Nasiri%2C+A
https://www.icevirtuallibrary.com/author/El-Zein%2C+A
https://www.icevirtuallibrary.com/author/Airey%2C+D
https://www.icevirtuallibrary.com/author/Rowe%2C+R+K
https://www.icevirtuallibrary.com/author/Rowe%2C+R+K
https://www.icevirtuallibrary.com/author/Bouazza%2C+A
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00021
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00021
https://www.icevirtuallibrary.com/author/Bao%2C+X
https://www.icevirtuallibrary.com/author/Jin%2C+Z
https://www.icevirtuallibrary.com/author/Cui%2C+H
https://www.icevirtuallibrary.com/author/Ye%2C+G
https://www.icevirtuallibrary.com/author/Tang%2C+W
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00022
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00022
https://www.icevirtuallibrary.com/author/Gebremariam%2C+F
https://www.icevirtuallibrary.com/author/Tanyu%2C+B+F
https://www.icevirtuallibrary.com/author/Christopher%2C+B
https://www.icevirtuallibrary.com/author/Christopher%2C+B
https://www.icevirtuallibrary.com/author/Leshchinsky%2C+D
https://www.icevirtuallibrary.com/author/Zornberg%2C+J+G
https://www.icevirtuallibrary.com/author/Han%2C+J
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00024
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00024
https://www.icevirtuallibrary.com/author/Mirzababaei%2C+M
https://www.icevirtuallibrary.com/author/Anggraini%2C+V
https://www.icevirtuallibrary.com/author/Haque%2C+A
https://www.icevirtuallibrary.com/author/Haque%2C+A
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00027
https://www.icevirtuallibrary.com/author/Jia%2C+F
https://www.icevirtuallibrary.com/author/Jia%2C+F
https://www.icevirtuallibrary.com/author/Liu%2C+S-H
https://www.icevirtuallibrary.com/author/Shen%2C+C-M
https://www.icevirtuallibrary.com/author/Sun%2C+Y
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00014
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00014
https://www.icevirtuallibrary.com/author/McCafferty%2C+C
https://www.icevirtuallibrary.com/author/Hsuan%2C+G
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00019
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00019
https://www.icevirtuallibrary.com/author/Fan%2C+K
https://www.icevirtuallibrary.com/author/Liu%2C+S+H
https://www.icevirtuallibrary.com/author/Cheng%2C+Y+P+Helen
https://www.icevirtuallibrary.com/author/Cheng%2C+Y+P+Helen
https://www.icevirtuallibrary.com/author/Liao%2C+J
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00009
https://www.icevirtuallibrary.com/doi/full/10.1680/jgein.20.00009
https://www.icevirtuallibrary.com/author/Ghaaowd%2C+I
https://www.icevirtuallibrary.com/author/McCartney%2C+J+S
http://www.sciencedirect.com/journal/geotextiles-and-geomembranes/vol/48/issue/6
http://www.sciencedirect.com/journal/geotextiles-and-geomembranes/vol/48/issue/6
https://www.sciencedirect.com/science/article/pii/S026611442030087X
https://www.sciencedirect.com/science/article/pii/S0266114420300923
https://www.sciencedirect.com/science/article/pii/S0266114420300923
https://www.sciencedirect.com/science/article/pii/S0266114420300480
https://www.sciencedirect.com/science/article/pii/S0266114420300480
https://www.sciencedirect.com/science/article/pii/S026611442030056X
https://www.sciencedirect.com/science/article/pii/S026611442030056X
https://www.sciencedirect.com/science/article/pii/S0266114420300583
https://www.sciencedirect.com/science/article/pii/S0266114420300583
https://www.sciencedirect.com/science/article/pii/S0266114420300583
https://www.sciencedirect.com/science/article/pii/S0266114420300704
https://www.sciencedirect.com/science/article/pii/S0266114420300704
https://www.sciencedirect.com/science/article/pii/S0266114420300716
https://www.sciencedirect.com/science/article/pii/S0266114420300716
https://www.sciencedirect.com/science/article/pii/S0266114420300716
https://www.sciencedirect.com/science/article/pii/S0266114420300728
https://www.sciencedirect.com/science/article/pii/S0266114420300728
https://www.sciencedirect.com/science/article/pii/S0266114420300728
https://www.sciencedirect.com/science/article/pii/S026611442030073X
https://www.sciencedirect.com/science/article/pii/S026611442030073X
https://www.sciencedirect.com/science/article/pii/S0266114420300753
https://www.sciencedirect.com/science/article/pii/S0266114420300753
https://www.sciencedirect.com/science/article/pii/S0266114420300789
https://www.sciencedirect.com/science/article/pii/S0266114420300789
https://www.sciencedirect.com/science/article/pii/S0266114420300790
https://www.sciencedirect.com/science/article/pii/S0266114420300790
https://www.sciencedirect.com/science/article/pii/S0266114420300790

Effect of added polymer on the desiccation and healing of a
geosynthetic clay liner subject to thermal gradients, Bowei
Yu, Abbas El-Zein, R. Kerry Rowe, Pages 928-939

Load sharing characteristics of rigid facing walls with geogrid
reinforced railway subgrade during and after construction,
Ung Jin Kim, Dae Sang Kim, Pages 940-949

Irrigated composite liner designs for fast hydration and pre-
vention of thermal desiccation of geosynthetics clay liners,
Bowei Yu, Abbas El-Zein, Pages 950-961

Shear strength and failure mechanism of needle-punched ge-
osynthetic clay liner, Shi-Jin Feng, Ji-Yun Chang, Hong-Xin
Chen, Yang Shen, Jia-Liang Shi, Pages 962-972

Suction and crack propagation in GCLs subjected to drying
and wetting in CaCly-solutions, Wolfgang Lieske, Florian
Christ, Wiebke Baille, Gemmina Di Emidio, Torsten Wicht-
mann, Pages 973-982

Technical Notes

Characterization of geogrid mechanical and chemical proper-
ties from a thirty-six year old mechanically-stabilized earth
wall, Ben Leshchinsky, Ryan Berg, Willie Liew, Morgan Kawa-
kami-Selin, ... Mark Wayne, Pages 793-801

Case history on failure of a 67 M tall reinforced soil slope,
Ryan R. Berg, James G. Collin, Thomas P. Taylor, Chester F.
Watts, Pages 802-811

Ultimate bearing capacity of strip footing resting on soil bed
strengthened by wraparound geosynthetic reinforcement

technigue, Muhammad Nouman Amjad Raja, Sanjay Kumar
Shukla, Pages 867-874

Analyzing the deformation and failure of geosynthetic-en-
cased granular soil in the triaxial stress condition, Fei Song,
Yangtao Jin, Huabei Liu, Jie Liu, Pages 886-896

Evaluation of silt curtain in the reduction of suspended solids,
Eduardo Paniguel Oliveira, Rafael Brito de Moura, Caio Pom-
peu Cavalieri, Rafael de Oliveira Tiezzi, Pages 983-988

TA NEA THZ EEEEI'M - Ap. 145 - AEKEMBPIOZ 2020 ZgAida 64



https://www.sciencedirect.com/science/article/pii/S0266114420300807
https://www.sciencedirect.com/science/article/pii/S0266114420300807
https://www.sciencedirect.com/science/article/pii/S0266114420300819
https://www.sciencedirect.com/science/article/pii/S0266114420300819
https://www.sciencedirect.com/science/article/pii/S0266114420300832
https://www.sciencedirect.com/science/article/pii/S0266114420300832
https://www.sciencedirect.com/science/article/pii/S0266114420300820
https://www.sciencedirect.com/science/article/pii/S0266114420300820
https://www.sciencedirect.com/science/article/pii/S0266114420300777
https://www.sciencedirect.com/science/article/pii/S0266114420300777
https://www.sciencedirect.com/science/article/pii/S0266114420300674
https://www.sciencedirect.com/science/article/pii/S0266114420300674
https://www.sciencedirect.com/science/article/pii/S0266114420300674
https://www.sciencedirect.com/science/article/pii/S0266114420300686
https://www.sciencedirect.com/science/article/pii/S0266114420300741
https://www.sciencedirect.com/science/article/pii/S0266114420300741
https://www.sciencedirect.com/science/article/pii/S0266114420300741
https://www.sciencedirect.com/science/article/pii/S0266114420300765
https://www.sciencedirect.com/science/article/pii/S0266114420300765
https://www.sciencedirect.com/science/article/pii/S0266114420300698

EKTEAEZTIKH ENITPONH EEEENM (2019 - 2022)

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

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

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

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

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

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

MéEAR : Avdpeag ANATNQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OuoTinog Kadnyntig EMM
aanagn@central.ntua.gr

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

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

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

Bahia ZENAKH, Ap. MoAITikog Mnxavikog, EAAGOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Ek36TNG : XpAoTog TEATZANI®OS, Ap. MoAmikdg Mnxavikog, MANTAIA ZYMBOYAQOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

EEEE'M

Topéag FeWTEXVIKNAG TnA. 210.7723434

ZXOAH NMOAITIKQN MHXANIKQN ToT. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveloUNoAn Zowypapou geotech@central.ntua.gr

15780 ZQrPA®OY IortooeAida www.hssmge.org (und KaTaokeur)

«TA NEA THZ EEEEMM» Ekd06TNnG: XprioTog Toataavigpog, TnA. 210.6929484, ToT. 210.6928137, nA-31. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapT®vTar» Kal oTnv 10TooeAida www.hssmge.gr

TA NEA THZ EEEEI'M - Ap. 145 - AEKEMBPIOZ 2020 ZgAida 65



mailto:mbardanis@edafos.gr
mailto:lab@edafos.gr
mailto:editor@hssmge.gr
mailto:ctsatsanifos@pangaea.gr
mailto:mpax46@otenet.gr
mailto:gbelokas@teiath.gr
mailto:gbelokas@gmail.com
mailto:gdoulis@edafomichaniki.gr
mailto:gazetas@central.ntua.gr
mailto:gazetas50@gmail.com
mailto:aanagn@central.ntua.grn
mailto:otmate@otenet.gr
mailto:mpanta@central.ntua.gr
mailto:stratakos@namalab.gr
mailto:vxenaki@edafomichaniki.gr
mailto:editor@hssmge.gr
mailto:ctsatsanifos@pangaea.gr
mailto:secretariat@hssmge.gr
mailto:geotech@central.ntua.gr
http://www.hssmge.org/
mailto:ctsatsanifos@pangaea.gr
mailto:editor@hssmge.gr
mailto:info@pangaea.gr
http://www.hssmge.gr/

	28th European Young Geotechnical Engineers Conference and Geogames, 17 – 19 September 2022, Moscow, Russia, https://www.eygec28.com/?
	ΣΧΟΛΗ ΠΟΛΙΤΙΚΩΝ ΜΗΧΑΝΙΚΩΝ   Τοτ. 210.7723428

