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APOPA

Fegpupwon TG katoAionong Tng Toak®wvag
FemTEXVIKOG Kal OTATIKOG OXESIAC0HOG BABpwV
Héoa oTnv oAiIocBaivouoa £3a®ikn pala

K. ZepépoyAou, MoA. Mnx., M.Sc.?, 1. BaoihonoUAou, Ap.
MoA. Mny.>
OAOTEXNIKH E.NM.E. ABriva, EAAGOa

Bridging over Tsakona Landslide
Geotechnical and structural design of piers within the
sliding soil mass

K. Seferoglou, Dipl. Civil Engineer, M.Sc. and I. Vassilopou-
lou, Dipl. Civil Engineer, Ph.D.
ODOTECHNIKI LTD, Athens, Greece

Abstract

The landslide of Tsakona is one of the largest landslides
occurred in Greece with significant impact on the economic
and social life of southern Peloponnese. It occurred in Feb-
ruary 2003, causing large soil mass movement within a
range of hundreds of meters and the closing section of the
National Highway Corinth - Kalamata. For the rehabilitation
of the Highway it was decided to construct an arched steel
bridge over the sliding slope, 390m long. For the erection of
the steel arc and deck of the bridge, 14 twin steel tempo-
rary towers, reaching the height of 60m, were required. The
foundation of the towers consisted of piles connected with
pile-caps. Between the pile-caps small temporary bridges
on pile systems were also constructed, which were used for
the assembling/welding of the arc and deck segments. Most
of the deep foundation and the supporting structures were
built in the old active landslide where the evolving move-
ments were observed. The main assumptions of the deep
temporary foundation design are underlined in this work,
incorporating the monitoring results and the profiles of the
ground movement and setting the proper geotechnical and
structural models to predict the influence of the ground
movements on the piles and pile-caps. Several two and
three-dimensional finite element models were set up, and
numerical analyses were conducted for this reason. Key
issues of the design were the depth of the piles in relation
to the steep underlying bedrock, the estimation of the bear-
ing capacity of the piles under the condition that the whole
system was temporary and the cost optimization, which was
always a requirement by the contractor.

Eicaywyn

H yépupa Tng Toakwvag, GUVOAIKOU uPRkoug 390m, kata-
OKEUAOTNKE YIO VA YEQUPWOE! TN MEYAAN KaToAioBnon nou
ouvéRBn To 2003 oTov auTtokivnTodpopo TpinoAng — KaAaud-
Tag. To €pyo oAokAnpwOnke pe eniTuyia, Ta épya Bepelin-
ong (Movipa kal npoowpiva) dev @aivovTal NAEov, OPWG N
YEQUPA OTEKEl EVTUMNWOIAKA NAvw anod Tnv Toakwva Xapn
oTnVv aoc®AdA&ia Nou Tou napeExouv (r Tou napeixav Npoowpl-
va), auTtda akpIBwc Ta Bauppéva €pya. XTo ApBpo auTto nepi-
ypagpetal n pebodoloyia nou akoAouBnbnke yia Tn YewTe-
XVIKR Kal oTaTikhn JEAETN TwV BeUEAIOOEWY TWV NUPYWV Nou
Xpnoigononénkav yia TNV avéyepon Twv TOEWV Kal Tou Ka-
TAOTPWHATOG TNG YEPUPAG OTNV Toakwva, ol onoiol BgueAI-
®ONKav evTdC TOU OWMATOG TNG EVEPYNG KaToAioBnong Tng
nepioxng. H 1dlopoppia Twv £pywv €iXe w¢ Kupiapxa xapa-
KTNPIOTIKA, (@) Tnv Xpnon piag katoAioBaivouoag palag wg
€ddpoug Bepeliwong, (B) Tnv €EalpeTikd acUPPETPN Kal €v-
Tovn Hop@oAoyia Tou QuaikoU avayAugou aAAd kal Tou ye-

! sef@odotechniki.gr
2 jsabella.vassilopoulou@gmail.com
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wAoyikoU unoBadpou, (y) Tnv €€aipeTika Kpioiun diadikaaia
avéyepong Kal ouvapuoAdynong Tou ToEou kai (d) To xapa-
KTNPIOKO TWV £PYWV WG MPOCWPIVAV YEYOVOC Mou sneBale
TNV TEXVIKOOIKOVOMIKA BEATIOTONOINGN Kal TNV Tautdxpovn
€Eaopalion TNG oTaBeEPOTNTAC KAl EMNAPKEIAC TWV EPYWV.
AUTd akpIBWG Ta XAPAKTNPIOTIKA dnoTEAEdav TNV nNpokAn-
on WOTe va Xpnoiponoinfolv noAAAnAEG PACEIG KAl NPoOoey-
YiOEIG yia TNV npogouoiwon, avaiuon kai diactacioAdynon
TWV AnaITOUPEVWV EPYWV.

To TuAMAa TNG avwdoung, avayeoa oTo PecoBabpo kal To a-
KpoBaBpo npog KaAapdra, mou YEQUP®VEI To KUPIO CWHA
TNG €vepyng katoAioBnong, diapopPwBOnKe anod HETAAAIKO
KATAoTPWHA KAl NAdka and okupodepa, To onoio avapTtnen-
Ke ano 2 peTaAAika T6Ea, avoiypaTtog 260m (Zxnua 1). MNa
TNV KATAOKEUN TNC YEQPUPAC anaiThHOnKE n KATAOKEUR on-
HAVTIKOV NpOoWPIVOV EPYwV UNOJOMNRG. Me Baon Tnv eniAe-
yeioa pebodoAoyia KATaoKeUNG, TO HEYAAUTEPO PEPOG AQUTWV
enpene va BepeiwOei evTog TnG katoAioBaivouoag padag. Ta
£€pya unodoung Xpnoigonoinbnkav yia Tn ouvappoAoynon
TWV XAAUBSIVWV OnovOUAWY TwV TOEWV Kal TOU KATAGTP®-
paTog, TNV aviywaon TV €MIMEPOUG TUNHUATWY TOUG Kdl TV
TeAIKR oTadiakn ouvapuoAdynorn Toug (ouykoAAnon) oTov
«aépa». MepieAduBavav T1a €€Rg douika cuoThuaTta (ExAua
2): (a) 14 didupoug xaAuBdivoug nupyoug Bapiag aviywaong
(M1A-M7A yia Tov aploTepo kAado kar M1A-MN7A yia To dg€10

IxnHa 1. ZXnuarikn aneikovion yeépupag Tng Toakmvag

SXAMA 2. SXNUATIKA aneikovion €pywv Unodoung

kAGdo), (B) dUo 1dikoUg XaAuBdivoug nupyoug (MTA yia Tov
aploTepo kKAAdo kal MTA yia To 3g€10 kAAdo), PpEpouaag Ika-
voTnTag 12000KN o kaBévag, ol oroiol TonoBsTBNKAV KATW
ano TIG KauNUAEG avTnpideg Tou PecoBabpou, (y) 16 aveEap-
TATEC BepeAiwoelG (NndooaAlol ouvdedepévol Pe KEPAAODE-
opoucg) yia kGBe nupyo, () diadpopouc and onAIoHEVO OKU-
pOdepa ni €dagoug, | TUNOU yEPuUPAc OMou To avayAupo
dev enETpene TNV avanTuén XwHAaToupylk®V dIaUopPWOEWY,
yla TNV nNpo-cuvapuoAdynon TwV UNOTUNHATWY TWV PETAAAI-
KOV TOEwV. MapaAAnAa, kata Tn JIAPKEId TNG KATAOKEUNG
TNG YEQUPAG N KUKAOQPOPia Tou AUTOKIVNTOdPOUOU TpinoAng
- KaAapdaTag d1eukoAUVONnKe HECW NPOoowPIVAG 000U SIEAEU-
ong. MNa Tnv npayparonoinon auThng Kai Tn BEATIWON TNG €u-
oTabeiag Tou npavoug nou diapopPpwBnke, analThénke &vag
nacoaAoToIXoG avTioThpIENG. Ta €pya unodoung (gaivovTai
otnv Eikova 1.
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Eikdva 1. SuvoAikn danoyn Twv €pywv UNoSOMNAG KaTa Tn
J1dpKeIa KATAOKEUNG TNG YEPUPAg (Anwn npocg Kalapdara)

2. Oegpsdioon NUupywv
2.1. TevIKOG OXE3IACHOG

MNa Tn BgpeAdinon Twv 14 nupywv avéyepong €EeTagbnkav
dUo Baoikég Auceig (a) Auon enmipavelakng Bgpelinong Kai
(B) AUon BaBiag Bepehinong eni opadag naccalwv. H enmilo-
YN TNG KaTdAANANG Along kabopiodnke apxXIkwg ano TIG YEW-
TEXVIKEC OUVONKEG OTN OUYKEKPIYEVN MEPIOXH OMOU EMiKpa-
ToUV avopoIopop®a UAIKG (npoidvTa Tng katoAiobnong, UAI-
KAa anoodBpwaong Tou PAUCX0EIdoUG unoBadpou, aoBeaToAI-
B1ka KopnuarTa, TEXVNTEG €MNIXWOEIC), Ta onoia kabovTtal na-
VW 0To 0TaBepo Bpaxwdeg unoBabpo. =Tnv Eikova 2 napou-
olalovTal XapakTnpIoTika dgiydata Twv UAIKQOV auT®v anod
did@opa Badn o6nou @aiveTal NWG NPOKEITAl Yid TUXAIEC ano-
0€0e1g aoUVOETWY UAIKWV. H poppoloyia Tng wvng Twv Ka-
TAOKEUWV anoTEANede Baacikd eniong napdyovTa yia Tov OXe-
d1aouo. 'Onwg (aiveral evOEIKTIKA OTO SXNKUa 3, To avayAu-
®o oTIg Bgoeig Twv nUpywv M1 - N5 ATav €5alpeTikd £vTovo,
ME MEYAAEG EYKAPOTIEG KAIOEIG APECWG KATAVTN TWV BePENiWV.
H €€ioou £vtovn poppoAoyia Tou Bpaxwdouc unoBadpou na-
VW OTO onoio kabovTal ol edaPIkeG Waleg, o ouvOUAOHO HE

Ta karavtn, dev unopoloe va ayvonBei. H AUon Tng enipa-
velakng Bepelinong anokAeiobnke dapeca. 'Onwg @aiveral
otnv Eikova 3, n ypapun ouvapuoAoynong Tou Oe€lol KAG-
dou BpIOKOTAV KOVTA OTnV dkpn Tou €nig@aloucg npavoug
€VTOG TNG KaToAloBaivouoag palag kal ol Kivduvol anod Toni-
KEG aoToxieGc aAAd kal €VTOVEG UMOXWPNOEIC JEoa OTO avo-
HOIOHOPPO acUVOETO YEWUAIKO, NTAv WEYAAOl. SnHEIQVETAI
OTI UNEPPBOAIKEG UNOXWPNOEIC N €0TW KAl HIKPOAOTOXIEC TN
B8gon auTn Tng padag nTav noAU mbaveg kar BERala Ba ATav
KATAoTPOPIKEG KATA TNV AVEYEPON Kal KUPIWG KATA Tn Ouv-
apuoAdynon Kal OUYKOAANCN TwV TUNMATOV Twv TOEwvV.
EninpooBeTwg, Onwg ¢aiveral otnv Eikdva 3, yia Thv dnui-
oupyia dan&dwv eniPaveiakng Bepelinong Enpene va Tono-
0eTnBolv npooBeTeg £dagikeg paAlec NAvw OTO OWPA TNG
acToyiag, evépyela nou 6a au&ave Toug KIvOUVOUG TOMIKWV
acToxl®wv nou Ba pnopoucav va anofolv €€icou KATACTPO-
(IKEG YIA TO EYXEIPNHA TNG AVEYEPONG.
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Eikova 2. Agiypyata anod yewtpnon oTnv nepioxn TnG KaTo-
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Zxnua 3. Eykapoia Toun otn 8€on Tou nupyou M3
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Eikdva 3. Ogpeliwon nUpywv avéyepong kai diadpopol /
YEQUPEG guvappoAoynong ToEou de€loU kKAadou

EmIAEXONke TeAIkG n AUon aveEdpTnTwV Opadwv NacodAwv
yla kaBe €va nUpyo. ApXIKWG avTIMETWNIoONKE n AUon uno-
XPEWTIKAG £dpaocng OAwV TwV NacodAwv oTo Bpaxwdeg uno-
BaBpo, diangpvwvTag TNV nipaveia oAicbnong. H ouykekpi-
MEVN eniAoyr anoppi@Bdnke yia dUo AOYouq. Apevog, €neidn
n €unnén oto Bpaxwdeg undpabpo dev Ba npoosPpepe TiNoTe
oToV E€AEYXO TWV €MIBEBANUEVWV WETAKIVACEWV napda povo
oTNV QEPOUCA IKAVOTNTA TWV MNACCAAWV O€ KATAKOPUPO
@opTio. Enionuaiveral 0TI n géon OXETIKA WETAKIiVAON OTNV €-
nigpdveia oAiobnong eivar Tng TaENG Twv 2,5mm/unva kai
KaTa ouvéneia pocov ol ndooalol dianepvouoav Tn lwvn
oAioBnong, 6a aoToxouoav JIATUNTIKA Ot AiyeG €BdoNADEG.
AQETEPOU, TO AVAyYAUPO Tou unoBdadpou ATav TOGO andoTouo
nou otov de&I0 kKAAGO ol ndagoalol Ba eixav NoAU peyaio pn-
KoG aveBalovTag To KOOTOG €VOC NPoowplvoU €pyou OE ave-
nitpenta vyn.

AapBavovTag unown TIG EKTIUNOEIG TOU QOPTIOU AgIToupyiag
kaBe nacoalou (nepinou 2000kN,max), enIAEXBNKE TEAIKA N
AUON TNG XProng NacodAwv TPIRNG KATAOKEUAOUEVWY HEDA
otnv oAlgBaivouoa pala pe eEaipeon TIC NEPINTWOEIC ONOU TO
ndyog Twv £5aPIK®V UAIKOV ATAVv NoAU pikpd (<5m), onodTe
ol nacoalol eiIoNABav peoa oTo Bpaxwdeg undBabpo waoTe va
eEaopalioBei IkavonoIinTikr QE&pouada IkavoTnTd. Bacel Tng
€MAOYNC AUTAG 0 KUPIOG YEWTEXVIKOG OXEDIAOUOG OTOXEUCE
oTNV EKTIUNON TNG QPEpoucag IkavoTnTag Kal oTnv enidpaon
TNG ouvexoUg kKivnong Tng €dagikng palag oTnv evTaTikn Ka-
TaoTaon kabe ouadag nacoaAwv.

2.2. AOKIHAOTIKEG POPTICEIG — DEPpOUCA IKAVOTNTA
naccaAwv

Mpokelyévou va EenepaoBei n aBePaldTNTa OXETIKA WE TN
OUMMEPIPOPA NACCAAWV HECA OTNV AVOMOIOYEVR €3aQIKn
pala, npayupartonoin®nkav dUo OOKIMACTIKEG (POPTICEIG KN
Aerroupyikwv nacoalwv (Eikdva 4). H npwTn SOKIUN €KTe-
AéoBnke og nacoalo SIAPETPOU 1m Kal PAKOUG 5m eni Tou
apioTtepol kAGdou. H deUTepn JoKIUR €KTEAECONKE O NAOC-
calo diapéTpou 1m Kal PRKoug 12m oe B€on KATAvTn TOu
Oeklou kAAdou. Ta opTia Jokiung nrav 3000KN kai
6000KN, avtioToixa. Tautoxpova, OSinAa oOTIC JOKIUACTIKEG
POPTIOEIC €KTEAEGONKAV JEIYUATOANNTIKEG YEWTPNOEIC Yia
TNV €€akpiBwon Tou akpIBoug YewTeXVIKOU MPO®iA Kal Thv
ouva€loAoynon He TIG doKIPEG. Moppwbnkav Ta diaypdauuaTa
BAINTIKOU (POPTIOU-UNOXWPENONG YIa NACCAAOUG MAKOUG 5m
(Exnua 4) kai 12m (Sxnua 5) kabwg Kar EpeAKUCTIKOU pop-
Tiou - avUywaong (o onoio NPoéKUWE and TOuG MACCAAOUG
avTidpaong, Pnkoug 16m). =To ZxnKa 6 napouaialeTal To &-
NITPENOUEVO POPTIO UNoAoyIouEvo Pe Baon Tov EC-7, yia 8-
agopa PNAkKn naccdalwv epappodlovrag T peBodoAoyia uno-
AoyiopoU Tou DIN4014, yia XaAdpd Hn OUVEKTIKA UAIKG
(gs=12MPa). =70 idI0 oxnua eupavifovral Ta pEyioTa a&ovi-
KA @opTia yia TUMIKA WNKN NaccdAwv nou Xpnoigonoineén-
Kav, kabwg kal To QopTio TNG JOKINACTIKAG (OPTIONG TO
onoio avTIoToIXEl oTn BewpPNTIKN UNOXWPNON YIa TO EMITPE-
NOMEVO PoPTio, ONWG auTo ekTINAONKE kaTa EC-7. Me Baon
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auThv TNV enegepyaocia eMAEXBNKav KaT' apxnv Ta PAKN TV
nacocdAwv oe kabe BaBpo cuva&loloywvTtac Tn 6€on Tou
unoBabpou kai Ta opTia and Tnv avwdoun, d1IATNPWVTAG
€va ikavonoinTikd NepiBwpio acpaieiag T6co and Tnv npay-
MATIKA CUMNEPIPOPA TWV NACCAAWV 000 Kal Td BewpnTika
opla Tou EC-7. ZTn ouvéxela Ta PnkKn BeATioTonoindnkav e
Baon Toug eAEyXOUG AOYW TWV EMIBERANUEVWV HETAKIVAOEWY
ano Tnv oAioBaivouca pala, Aappavovrag Tautdoxpova uno-
wn d1apopeg UNoBETEIC Epyaaniag TOMIKWY aoTOXIWV KATAVTH
Tou de€lou kAGdou.

Eikdva 4. AoKIuaaTikn GOpTIoN NacodAwv

ATATPAMMA @OPTIOY -YNOXQPHEHE
LOAD-PILE SETTLEMENT DIAGRAMM
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IxnHa 5. AiGypappa popTiou unoxwpnong yia nacodAo
MAKOUG 12m

3. TeWTEXVIKA KAl OTATIKI NPOCOHOI®ON opadag
nacocdAwv péca ornv oAicOaivouoca pada

3.1. daoeig digpelivnong
To oUvoAo TwV PACEWV TNG YEWTEXVIKAG KAl OTATIKAG dle-

pelivnong TwV €pywV aAAd kal TG TEAIKNAG d1aaTaaioAdynong
napoucialeral GUVONTIKA OTo ZXNua 7.
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ZxnHa 6. MeyioTo emTpendpPevo popTio yia didgopa PRkn
naccaiAwv
Diéron 1: Avirhuan e 1o Déon 2 : BaBuovdunon @don 3 : Awliuor e Swobidorata
5 iy i buara i xafe opada
obnyos Pabuoviunons » nagadiuwy (N1-N7)

Ddon 5: Fromer avdahuon pe to Sofistik =
iz afaBel; aotoyle & oswapin
ayxipwans, yua xibe opdba nacodhuy.

Dagn 4 : BaBuoviunon

ararwrg avauang - Sofistik

SxnNua 7. daceig digpelivnong

Mo avaAuTikd n pebBodoAoyia nou akoAouBnBnke napouaia-
{sTal NapakaTw.

3.2. Neprypa®n HEOOSOAOYIAG YEWMTEXVIKAG
nPOCOoHOoInOoNG

Mpokelévou va ekTIUNBEi N enippor TWV KIVACEWV TNG Ka-
TOAIOBNONG €nIAEXBNKE va dispeuvnBEl N KEVTPIKN MEPIOXA
auTng, MeTa&l Twv nupywv M2 kar M3, n onoia Bewpndnke
Kal n duopeveoTeEpn and MAEUPAC €vTaong TNG KIVAMATIKAG
dpaoTnp1oTNTAG. To uno PEAETN NpOBANMa ixe €vrova Tpidi-
aoTato xapakthnpa sEaitiag TNG andoTtaong PETagl Twv nup-
YWV Kdl Kat’ €nekTaon Twv BABpwv BepeAinong KaTd PNRkog
TNG YEQUPAG. H kUpla ouvioT®woa TAG €3APIKNAC HETAKIVNONG
NTav nepinou &ykapola w¢ npo¢ To diaunkn afova Tng
YEQUpPAG. Ma Tnv neploxf auTn npayuparonoifénkav AsnTto-
HepéoTaTeg TpiodiaoTaTeg avaAlaelG, O Pid avTINPOCWNEUTI-
KA dlaTopn, ME TEAIKO OTOXO va unoAoyigbolv Ta €ENG:

a. H kivnuarikn oupnepipopd TnG nacoaAopadag und Tnv
dpdaon TwV €d3APIK®V HETAKIVATEWV.

B. H katanovnon eni TwvV JOMIK®V oToIXEiwv (nacoalol,
KEPAAODEOO0I), €EAITIAG ANOKAEIOTIKA TWV YEWTEXVIKWOV
dpaccswv.

To npocopoiwpa nou dnuIoUPYRBNKE oTa nAaiola Twv ava-
AUCEWV QUTWV AMOTENECE TO «MPOCOMOIWHA — odnyd». Ano
TNV €QaAppoyn TPIdIA0TATWY YEWTEXVIK®V avaAloswv (HE Ta
AoyIopiko ABAQUS), MPOEKUWE N €KTIKNON TWV aAvantuooo-
HEVWV HETATOMIOEWV YIa TO «NPOCOHoimpa — 0dnyd», kabwg
Kal TWV EVTATIKOV HEYEBWV TwV dopIKwV oToixsiwv. Ouaia-
OTIKA TO «MPOCOHOIWHA — 0dNyOG» NAPEIXE Hia MOIOTIKN €KTi-
MNon TNG CUMNEPIPOPAG auToU Tou 1I310PopPOoU £pyou Bepe-
Awong yia To onoio dev ATav duvatov va uioBeTnBouv na-
padoxéc kal pebodoAoyia and Tn PBiBAloypagia. H diatoun
nou Xpnoigonomndnke yia TO NPOCOHOIWHA (aiveTdl OTO
Sxnua 8.

Mpokelgévou To nponyoUHevo Brpa Tou oUVBETOU Kal Xpo-
vOBOPOU MPOCOMOIMKATOG va Xpnolgonoin®si napaywyikd,
npayuatonoinOnkav  di1d1A0TATEG  YEWTEXVIKEC avAAUCEIG
(PLAXIS), oTIG onoieg NpoooOpoINVETAl PHE akpifeia, n enipad-
vela Tou £3A@oug Ye Baon Ta Tonoypagika dedouEva Kal ol
ENAPEG TWV YEWAOYIKQOV OXNHATIOH®V HE BAON TIG YEWTE-
XVIKEC TOMEG 0 KABe B£an NMUPyou. AUTO EYIVE EQIKTO WETA
anod npooekTikn PBabuovounon Twv dU0 NPOCOHOIWHATWY,
ouykpivovTag Ta anoTeAéopaTta Twv diIdIAoTaTwV avaluoswy
ME auTd TWV TPIBIAOTATWY AVAAUCEWVY YId TO «NPOCoHoiwua
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- 0dnyd». Baaoikdg oToX0C TNG BaBuovounong NTav n ekTi-
MNnon Tng 100dUvaung duokapwiag Twv OOMIK®V OTOIXEIWwV
Tou d131G0TATOU NMPOCOMOIMUATOC. To BANA AUTO NMPOCEPEPE
unooTnpIEn vyia Tnv diacTacioAdoynon TnG Bepelinong,
napéxovrag os kaBs B€on, (a) Tnv skTipnon Tng av&nong
TWV EVTATIKOV HEYEBWV AOYW TNG OUVEXOUG HETAKIVNONG
TV galwv , (B) TNV KkTignon TwV wOACEWV €ni ThG opadag
(Y) TNV &KTiuNOn Twv XApaKTNPIOTIKWV €AACTIKNAG OTRPIENG
(ehatnpia) oTn Bacon kabe nacodAou Aappavovrag unown Tn
0£on Tou Bpaxwdoug unoBabpou os kaGBe mupyo. Ta mpon-
youUpeva Brpara xpnoigonoinénkav TEAIKA oTn OTATIKR HEAE-
TN - 31a0TacIoAOYNoN TwV SOUIKWV GTOIXEIWY XPNOIMOMOIWV-
Tag To Aoylopiko SOFISTIK, To onoio Pe Tnv o€ipd Tou, npiv
MNEl OTn ypauun napaywyng, Baduovounbnke pe Bacn To
ABAQUS yia To «npogopoiwpa — odnyod».
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Zxnua 8. FrewUETpia «NPoCoHoILUATOG — 0dnyou» (a)
Katown, (B) Eykapaia Toun A-A

3.3. Tpi1diaoTaTeg avaAUoeiG HE TO AoyioHIkO ABAQUS

Ta €3a@ika UAIKG npogopol®wvovTal e TpididoTata eEanAegu-
pIkA OKTAKOMPIKA MENEPACUEVA OTOIXEIA €AACTOMAAOTIKNAG
OUMNEPIPOPAG KE BAon To KpITAPIO acToXiag Mohr-Coulomb,
ol nacoalol pe TPIdIAOTATA YPAUMIKA OToIxXEia dokoU eAa-
OTIKNC CUMNEPIPOPAG, EV® N onr nou oxnuatiletal oTo £da-
(oG AOYw TNG dIATOUNG TwV NACCAAWV NANPWVETAl PE €5a-
NAEUPIKA OKTaKOMBIKA MENEPACHUEVA OTOIXEIA, OTA onoia av-
TIOTOIXEITAI PNJEVIKO PETPO €AAOTIKOTNTAG. O KEPAAODETHOG
Kdl 0 avavTtn ToiXog avTioTNPIENG NPOCOUOIWVETAl HE TETPA-
NAEUPIKA TETPAKOUPBIKA OTOIXEIQ KEAUPOUG EAAOTIKAG OUMNE-
pIQopdac.

E€aitiac Tou £EaIpeTIKG PHEYAAOU NPOCONOIMUATOG KAl TOU a-
naitoUKEVOU XpOVOU unoAoyiopoU kal dedopévou OTI TO €ni-
nedo nou sival eykapoio otn dielBuvaon TNG YEPUPAG aAnoTe-
A&l eninedo CUMMETPIAG YIa Ta YEWMETPIKA KAl YEWTEXVIKA
OTOIXEIG TOU MPOCOMOIMUATOC, EMNIAEXONKE VA KATAOKEUAOTEI
TO MIOO POVO Mpocopoiwpa. H enihoyn Twv 31a0TACEWV TOU
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NPOCOUOILHATOG, TWV CUVOPIAK®Y CuvenK®V Kal Tng diadi-
kaoiag unoAoylopwv BacioTnke oTn peBodoAoyia nou npoTei-
veral and Toug Kourkoulis et al. 2011 and 2012. Ta oTddia
TWV aplOuNTIK®WV avaAUoswy NTav Ta akohouba:

21aGd10 1: MEwOTATIKA KATaoTaon e opiOvTia enipavela e-
dapoug.

21ad10 2: AQaipeon yewuAikoU yia Tn diaudp@waon TnG upl-
OTAueVNG Tonoypagiac.

21ad10 3: MNpooouoiwon TNG €KOKAPNG OTo £ninedo TG Ke-
(PAAnG Twv NAcodAwv Kal gvepyonoinon Twv ne-
NEPACKEVWV OTOIXEIWV KEAUPOUG TOU avavTtn Toi-
XOU avTIoTAPIENG.

2T1G310 4: APQipeon TWV MENEPACUEVWV OTOIXEIWV £dAPOUC
€VTOG TNG OMNG TWV NACCAAWV Kdl gvepyonoinon

ABpoioTikn MeTakivnon SlopBw pévn (mm)

110

&

ol
i

12

0 10 20 30 40 50 60 70 80 90 100
O i L i L i L i i i L L i i L 1 i L
¢ @ L
I g & g
2 O P ¢ |
® ¢ &
y < ®
) g 3 $ ¢
- : 3
' SR
6 >— < —
| g 3 3
g (l $ A $
¢
g
3
¢
g
Lo

Logigegogogodegogogogogdedotodedegodons sog

14 4 I & ¢
| 7 &
D
16 P <
L0
- EE
18 & $
4 e o <&

—o— T4-K4 (Ewg 11/02/11)
—o— T4-K4 ((wg 25/01/12)
—o— T4-K3 (Ewg 11/02/11)
—o— T4-K3 (£wg 14/03/12)

~ T4-K4 (ekTiunon yia 1€m)
T4-K3 (ekTipnon yia 1€mn)

TWV NENEPACHEVWV OTOIXEIWV HWNJEVIKNAG dUOKaW-
Wiag kal Twv oToIXEiwV doKoU.

21ad10 5: Evepyonoinon Twv KePaAAOIEoUWY
21ad10 6: ENIBoAn Twv QopTicewv and Toug NnUPyoug

21adio 7: EmBoAn opildovTiag peTakivnong 6¢cm oTIC TPEIG a-
no TIG TECOEPIC NAPEIEG TOU MPOCOUOINHATOC (EK-
TOG ano TNV napeid €ni Tou eniNEdOU CUMMETPIAG).
O1 eniBaANOpEeVEG 0pIZOVTIEG LETAKIVNOEIG Baailov-
Tdl OTIG NPAYMATIKEG KATAYPAPEG TWV KAICIOHE-
Tpwv T4-K3 kal T4-K4 (Exnua 9) (K. ZepépoyAou
kar ®. Xpuooxoidng, 2016). Eqpapudobnke peTAKi-
vnon oxediaogpou 6cm AapBavovrtag unoyn diap-
KEIQ KATAOKEUNG TOU TOEou 2 €Tn (HETakivnon
3cm/€T0oC).

T4-K3 "North" Axis Cumulative Displacement (mm)
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SxNAMa 9. Moppn eniBeBANUEVWV HETAKIVACEWY WE BACN TIG NPAYMATIKEG YETPNOEIG 0T BN Tou £pyou

Eikdveg anod To npocopoiwpa yia Ta diagopa oradia avaiu-
oewv divovtal ato =xnua 10, evw oto xnua 11 diveral n
Katavopn Twv eniBaAAdopevwv  opilOVTIWV  HETATOMNICEWYV
€ykapaia atn dielbuvaon TNG YEPUPAG AOYW TWV HETAKIVHOE-
WV TNG €daPIkng palag nou avTioToixoUv oTo 2TAdIo 7 Twv
avaAUloewv. ZTnV Katavrtn nacocalopada napatnpoulvTal Ta
OUOHEVEDTEPA EVTATIKA MEYEDBN, AOYW TNG HopgoAoyiag Tou
€dapouc nou odnyei oe peyaAlTepo eAelBepo UWoOC NAood-
Awv. Ta anoTeAéopara auTd xpnoiponoinénkav yia cuykpion

TA NEA THZ EEEEI'M - Ap. 88 - MAPTIOZ 2016

ME TIG AAAeg dUo npooeyyioeig (PLAXIS kair SOFISTIK) kal Tn
Babuovounon Twv napadoxwv Touc. EVOEIKTIKG OTo ZXAua
12 divovTal Ta diaypaupaTta Twv agovik®v dUVAPEWY OTOUG
nacodAoug Tou de€lol kAadou yia To =T1adia 6 kal 7. AvrTi-
oToixa dlaypdupaTta KapnTIK®V pon®v anesikovifovral oTo
SxNua 13, evw n al&non TwV WETAKIVACEWY OTOUG KATAvTn
nacoaloug and 1o =T1adio 6 oto 7 diveral oTo SxAua 14. Ano
TIC avaAUgoeIg napaTneninkKe Wia opoIopopen KETAkivnon TnG
€dapikng palag navw and Tnv eniQpaveia oAicBnong Aoyw
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NG €EENIENG TWV €dAQIKWV WETAKIVAOEWY, dixwg oaer dia-
(oponoinon Twv anoTeEAEOHATWV YUpw ano Tnv oudda nao-
cGAwv. AuTd 08rynoe OTO CUMNEPACHA NWG N Kivnon Tng Be-
MeAiwong ATav Kupiwg HETaopIkr, diXxwg dIapopIKEG OUVI-
OTWOEG, UE AMOTEAECHA N NPOCBETN £vTaon AOYw AUTWV TWV
METAKIVAOEWY va ATav pikpr.. Enopévwg, Bacel Tou npo-
TEIVOUEVOU 0XedIaopoU, dev UNdpyxel onuavTikn eniBapuvon
TWV EVTATIKOV PeyEBWV €5aITiag TwV OUVEXIJOPEVWV HETAKI-
VNOEwV TNG €3aPIKNG PNadac. H ekTipnon autr odrynoe oTnv
avtiAnwn OTI akdun Kai n Tautoxpovn enidpacn TNG diapn-
KOUG OUVIOTWOAG TNG METakivnong (Npo®avwg n katoAiodn-
on €ixe Kal dlaunKn ouvIoT®OA WG NPogG TN YEPupa), dev Ba
€iXe onuavTikn €nidpacn oTa evTaTika Peyedn TnG Bepelim-
ong Twv NUPYWV, TOUAAXIOTOV Yid £va NPoowpIvo £pyo.

Sxnua 11. Katavoun opiOvTiwV YETATOMNICEWY €YKAPOIa oTn
31eUBuvaon TNG YEPUPAG AOYW TWV HETAKIVAOEWY TNG
€da@Ikng palag (=1adio 7)

>1adio 1 >1adio 2

(B)

SxnHa 12. Katavoun a&ovikwv SUVAUEWY OTOUG NacodAoug
Tou de€lou kAadou (a) ZTadio 6, (B) =Tadio 7

>14di0 3 >1adio 4

(a) (B)

SxnAMa 13. Katavour KaunTIK@V ponwv nepi Tov diaunkn
agova TNG YEPUPAG OTOUG NAaadAoug Tou de€lol kAadou (a)
Sxfua 10. ApIBuNTIKO NPOCOMOIWHA — 03NYOG OTO AOYIGHIKO ZTadio 6, (B) ZTadio 7

ABAQUS, >T1adi1a 1-5.

>1adio 5

TA NEA THZ EEEEI'M - Ap. 88 - MAPTIOZ 2016 ZgAida 8
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SxAua 14. Katavoun opilovTiwv EYKAPOIWV PHETATOMNICEWV
OTOUG Nacodaloug Tou de€lou kAadou (a) =Tadio 6, (B)
Tadio 7

3.4. Ai1diaoTateg avaAUoEeIG HE TO AoyIOHIKO PLAXIS

H 181aiTepn yewpeTpia Tou Bpaxwdoug unoBdadpou HE TIG €v-
TOVEG KAIOg€IG, aAAG Kal ol JIaPopEG TNG ENIPAVEIAKAG Hop-
@oAoyiac and Bson ot B£on Badpou, kaTtéoTnoav avaykaia
TN HEAETN TnG Oegpeliwong o€ kdABe Béon xwpioTd. To
TPIDIAGCTATO YEWTEXVIKO MPOCOUOIwKd, TO OMoio Xpnalyonol-
NOnke yia Tnv €£aywyn YEVIK®V CUPMNEPACHATWV Kal Tn Xa-
paén Twv Bacikwv KAaTeubUvVoewv aTnV enmiAoyr TNG Bepelin-
ong, ATav noAu xpovoBopo w¢ Npog Tn diIapdpPwan NPooo-
MOIWUATWY, TNV EKTEAEON avalUCoswv Kal TNV €€aywyn ano-
TEAEOUATWV. ZUVEN®G KPIBNKE PN anodoTIKOG 0 EAEYXOG KaA-
0e nepIoXNG ME XPnon TPIdIAoTATWY YEWTEXVIKWV MPOCOWOI-
wHaTwv. M’ autd 10 AOyo Xpnoihonoinbnke To Npoypauua
PLAXIS, ekteAwvTac d101a0TaTeg avaAUaosic yia OAec TIG dia-
TOHEG TOU €pyou. H peBodoAoyia peTaBaong anod To AenTope-
p&C TPIGSIAOTATO NPOCOUOIWKA, OTO AanAonoinTIKO d131IGaTATo
yia kaBe B€on nepiAapPave pia evdidpeon ¢aon Baduovoun-
ONG ME TN XPNON €VOC «MNPOCOMOI®NATOC — Babuovounong»
Mou avTIoTOIXOUOE OTO «MPOCOHOiwNa — 0dnyo».

ZTnv ev3Idueon auTtn eAaon eAéyxBnke n akpifeia Twv napa-
doxwv TnG avaAuong, OuykpivovTag Ta anoTeAéopara Tou
PLAXIS yia To «npocopoiwpa - Babpovounong» Ye Ta avrTi-
oToixa Tou ABAQUS (evTaTikd peyEBn kal PETATOMiosIg) via
TO «npogopoiwpa - odnyod». Mpokelpévou va EenepaoBei To
npoBANUA TNG Bewpnong Twv MNacodAwv OTo apidunTikod
NPOCOMOIWHNA WG AnEIPOPAKES dIAPPAYHA KATAVEUNUEVNG
duokapyiag €yive BaBuovounon HYe BAon Ta anoTeAEopaTa
ToU TPIG3IA0TATOU NPOCOMOIMKUATOC. 2TO ZxNKa 15 napouai-
alstal To NPOCONOIWKA MOU XPNOIKonoInenke yia Tnv Baduo-
VOUNON TwV avaAUoEwWV.

YA

26

it 4t
- T +F

:

Zxnua 15. «Mpooopoiwpa - Babpovounong» yia 1o
AOYIOUIKO PLAXIS
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H yewperpia oxedidoTnke akpiB®E OMOIa PE TNV YEWUETPIa
Tou TPISIACTATOU «MPOCOMOIMKUATOG — 0dnyoU», EV® Ol NAc-
oahol oxedldoTnkav w¢ oToixsia pe 100dUvapn duokapwia
Kal duaTEvEIa PE TOUG 2 NacadAoug KABe ogipdag. Q¢ npog Tig
PAoEIC EKOKAPNC, TIC YEWTEXVIKEG NAPAPETPOUG AAAG Kal Tn
YEWMETPIA TWV €KOKAP®V TO MPOCOMOiwHa PBacioTnkKe OTIG
napadox&c nou gylvav oTo TpIdiaoTaTo PovTéAo. TauToxpo-
va, otn Bepeliwon aoknénke @OpTIon 100dUvaAun HE auTh
nou AapBaveral oto ABAQUS, evw oTa gUvopa Tou HOVTEAOU
aAAG kal oTnv enipaveia oAiocbnong Bewprnnke eniBaiAope-
vn opigovTia peraronion ion pe 6cm. Ta oTddia avaAugewv
nou eAAPONoav unown sival Ta napakdTw:

2T1Gd10 1: MEWOTATIKEG OUVONKEG
21aGd10 2: EKOKap Kal KATAOKEUN avavtn nacoaAoToixwv

21adio 3: Kataokeuny cuoTtnuatog Bepedinong (ke@aAode-
opoG kal ndagcalol Bepeinong)

21ad10 4: Epappoyn €EWTEPIK®OV QOPTiIWV OTOUG KEPAAODE-
OHOUG

21aGd10 5: EQappoyry eniBaAAOpevng  peTakivnong  6cm
(npooopoiwon peTakivnong Adyw katoAioBnong)

Me Baon Ta anoTeAéopata Twv avadAUOEwV enaAnBeUTNKE
nw¢ n HEB0dOG d1d1AoTATNG avaAuong, UE TIG NapadoxEC mou
€YIVAV, GUVEKAIVE IKAVOMOINTIKA HE TA AVTIOTOIXA AMOTEAE-
ouata Tng TPIdIA0TATNG avAAuonG. SUYKEKPIYEVA, Kal OTIG
dUO MPOCEYYIOEIG 01 AVANTUOOOUEVEG NAPAHOPPWOEIG, TOOO
META TNV €niBoAf TwV €EWTEPIKWV QOPTIWV, OGO Kal OTO
0Tadio enifoAng TnG emPBaAAOpeVNG PeTakivnong, ATav napo-
Joleg. TauToxpova, Ta eVTATIKA PEYEBN nou avanTlooovTav
NTAv avTioToIXd WG KATAVOWUN KAl TIHEG HE TA AnoTeAéopara
nou eixav £€axBei ano Tnv TPISIGoTATN AvAAuon WE TO MNpo-
ypapua ABAQUS.

H diacTacioAdynon Twv NacodAwv Tng Bepeliwong Twv nup-
YWV E£YIVE JE TO AOYIOUIKO SOFISTIK. QoTd0o0, YE TO OUYKE-
KPIMEVO AOYIOHIKO v unnpxe n duvarotTnTa Adueong Npoco-
HOIWONC TNG YEWHETPIAG TNG EMIPAVEIAC KAl TOU KEKAIYEVOU
Bpaxwdoug unoBabpou. AvTiBeTa pnopoloe va AneOsi uno-
Wn €UPESa PECW TNG XPNONG JIAQOPETIK®Y EAACTIKWV OTa-
Bepwv OTNPIENG OTOUG NACCAAoUG og KGBe B€an. O unoAoyi-
OHOC TWV EAACTIKOV QUTOV 0TABEPp®V OTAPIENG EYIVE €niong
ME Xpnon Tou d131A0TATOU NPOCONOI®KATOG. MeTa Tn Babuo-
vounon, npayparonoindnkav avaAuosi os kdBs B£on woTe
va unootnpixBei To endpevo kal TEAIKO oTAdIO TNG OTATIKNAG
MEAETNC TNC opadag nacodAwv. 'ETol, os kaBs B£on Badpou
NPOCOMOIWONKE N €MIPAVEId TOU €3APOUG KAl N YEWHETPIA
TOU unoBAaBdpou, oI EKOKAPEC Kal N KATAOKEUN Twv nacod-
Awv. =Tn ouvexela eniBARONke o kabe ndocoalo 16odUvapo
@opTio P=1000kN kal unoAoyioTnKe N KATAKOPUPN WETAKI-
vNnon Tou NacodAou v,, an’ énou npokUNTEl N KATaKOpUPn &-
AaoTikn oTaBepd TOu naccdlou w¢ K=P/v, pe Tnv onoia
npayuartonoinénkav ol unoAoyiopoi oto npoypaupa SOFi-
STiK. EvdeikTiIKG oTO SXNua 16 diverar didypaupa Katako-
pUPNG WETAKIVNONG Yid TOV KATAVTN NACOAA0 Tou nuUpyou
Mns.

MapdaAAnAa, yia va npoadlopioTel TO HEYEDOG TWV WONTEWV
Yyalov nou avantuooovTav €ni TG nacoaAopadag Tou de€iol
kAadou (AOyw TnG popgpoAoyiag Tou npavoug), xpnaigdonoln-
Onkav Ta anoTeAECPATA TWV €AACTONAACTIK®V avaAUCEWV.
MNa kabe pia anod Tig B€oeig N2, M3 kai M4 unoAoyilovTai yia
TOUuG avavTtn nacodaloug ol opIlOVTIEG Kal KATAKOPUPEG TaA-
O€IG KAl OTN OUVEXEIa UNoAoyileTal pia PHEan TIUN €vOG 1000U-
VaPoU OUVTEAEOTH wOnoswv. H pEon TiunA KupaivoTav PeTa-
&0 0.33 kar 0.47, enopévwg OTIG OTATIKEG avaAUOEIG Mou
npayuartonoloUvTal oTn OUVEXEla AapBAaveral unown ouvTe-
AeoTng wbnRoewv icog pe 0.50 unep TnG acpaleiag. Mapopoi-
a dlepelivnon npaypatonoinénke kal otn gAacn £@apuoyng
NG emBaiAopevng geTakivnong Adyw Tng oAioBnong, n onoi-
a €dwOoE WIKPEG AanoKAICEIG oTa anoTeAéouaTa.
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SxnMa 16. Katakopu®n YETAKIVNON TOU KATAVTN nacodAou
Tou de€lou KAGAdou oTo nNpocgopoiwpa TnG B€ong N5

3.5. AiaoTacioAoynon OspeAinong NnUPYywv HE TO
Aoyiopiko SOFiSTiK

Me dedopEVO OTI OTn QACN AUTh To £€3aPOg NPOTONOIWVETAI
ME €AATRPIa Kal MPOKEINEVOU vd UMAPXEl CUMBATOTNTA WG
NPOC Tn AENTOMEPA YEWTEXVIKA avaAucon mnou nponynonke,
dnuioupyndnke kal NAAl €éva «oTaTikd npocopoiwua - Bab-
HOVOUNONG» Mou Xpnoiponoinénke yia Tn Badpovounon Twv
napadoxwv TNnG OTATIKAG €MAUCNG TWV BOEPEAIWOEWYV TWV
nupywv (ExAua 17). H aAAnAenidpaon £dA@OUG-KATAOKEUNG
eANPON unoywn HEOW TWV WONACEWV YalwV Kal Twv opilovTi-
wv eAatnpiwv. MNa tnv Babuovounon Aaupaverar undéywn To
idl1o Bapog, Ta opTia TWv NUPYywv Kal ol WONOEIG yalwV HE
Ko=0.50. SuykpivovTag auTda Ta evTaTika PeyEBN WE Ta avTi-
gToIXa Mou MPoEKuWav He To npodypappa ABAQUS yia Tnyv i-
dla eEwTepIkA POPTION, dEV NPOKUMTOUV ONUAVTIKEC di1apo-
pgG. Enopévwg n npooeyyion pe 1o SOFISTIK ATav ikavo-
MOINTIKA Kal XPNOoIMOMOINBNKE yia TIC NEPAITEP® avaAUaoelg,
OAWV TWV JIATOU®V, YId TO GUVOAO TWV EEWTEPIKMV QPOPTI-
OEWV Kal Tou ogiopol, AauBdvovrtag undyn HEIWPEVN OEl-
OMIKA ENITAXUVON, AOYw TOU NpoowpivoU XapakTrpa Tou &p-
you (0.08g). =Toug nupyouqg M2A £wg MN5A emPBARBNKE WG
nPooBeTn KaTanovnon, N MeTakivnon Twv 15mm oTo aveTe-
pO TUAMA TOU MAccdaAou yia Tnv npocouoiwon méavig apa-
BoU¢ aoTtoxiag (BA. §0). Ta peEyiOoTa €VTATIKG MEYEDN nou
avanTuooovTdl oTNV KOPUPH TWV NAooaAwV Twv BepeAIwoe-
WV TV nupywv MN2A £wg N5A, 6nou kal anarrouvTal ol pe-
YaAUTepol dIaunKeIG onAIopoi, ouykpivovTal Je Ta avTioToixa
EVTATIKA WEYEBN mou unoAoyioTnkav pe To PLAXIS Aaupa-
vovTag undwn kai Tnv eniBalAOPevn HeETaKivnon oTo avwTe-
PO TUAMA TNG €dagikng palag ion pge 6¢cm Kal PHe popd nNpog
Ta katavtn. Ano Tn oUYKPION MPOEKUWE TO CUMNEPAcpa Ot
n peratoénion TnG £da@IknNG palag dev npokaAei PETABOAEG
HeyaAUuTepeg and 2.5% oTIG a&ovikeg OUVAMEIG, Ol OMoigg
Jnopouv va ayvonBoulv, kal 6% OTIG KAUNTIKEG ponég. Eno-
MEVWG, OTOUG NACOAAOUG TwV NUPYWV auTwV Bewpndnke pia
npooau&non Tou anaiToUuevou OIaunKoug onAiopoU KaTa
10%.

3.6. Enidpaon aBadmv Tonik®v oAIcONCE®V

O kivduvog anod Tnv mavdTnTa ekdNAwong apabwv Tonikwv
METAKIVAOEWY €EQITIQC €0WTEPIKWV EMIPAVEI®V OAioBnong,
dev NTav ageAnTEoG. ‘ONwg gaiveral oto didypappa Tou KAI-
OlOMETPOU T4-K3 (ExNua 9) undapyouv TETOIEG eVIEIEEIC via
Ba6n yupw ora 10m, yeyovog nou odnynoe oTnv uloBETnon
giag akdun unoBeong spyaciac yia €Aeyxo. H npooopoiwon
yla Tov éAeyX0 auTAG TnG unoBeong £yive yia kabes Babpo
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Sxnua 17. (a) Npooopoiwpa yia Tn Baduovounon
napadoxwv Pe To SOFISTIK (B) ®opTIoN wBACEWV YaAI®V

Tou 3e€loU KAAdoU nou BPIioKETAl KOVTA OTO QpUdI Tou npa-
voUg, ME TNV €MIBOAR OMOIOUOPPOU dlaypAPHaAToC YETAKivn-
ong icou pe 15mm o€ OAOUG TOUG NACCAAOUG TWV NUPYWVY,
To onoio @appodeTal kad’ Uywog TnG {wvng TNG aBadolc oAi-
gfnonc. Me Baon auTég TIGC UNOBECEIG KAl TIC METPROEIG KUPI-
WG oTnVv neploxn Tou M4, uloBetnBnkav eni@aveieg oAiohn-
ong yia Tig 8€aeig M2A — MN5A. Ev3eIKTIKG 0oTOo ZXAMa 18 dive-
Tal hia TETola Bswpnon.

ENAIAME IH
- ZNETA

Sxnua 18. XapakTtnpioTikh Hopen 6€ong aBaboug emipaveiag
aoToyiag otov nupyo M2

3.7. NpoBAswn eykapoiag aykUpwong Badpwv

MNa va avTigeTwniodei pia akpaia duouevéoTepn dpdon anod
€EQIPETIKEG METAKIVAOEIC NPOoBAEPONKe n duvaToTNTA AYKU-
PWONG TWV KEPAAOdETUWY Tou de€lol kKAGdou, €iTe aTov av-
TiOTOIXO TOU apIoTEPOU, €iTe Pe aykUpia oTo Bpaxwdeg uno-
BaBpo Tou apioTepoU kKAAdou. H TonoBETNON TwV aykupiwv
Ba yivoTav epdoov ol 0pIfOVTIEG EYKAPTIEG HETAKIVIOEIG TWV
KEPAAOJEOUWY unepEBaivav TIGC NPOBAEWEIC Kal TIG AVOXEG
TNG avwdounG OTn PAcn aveyepong Twv ToEwv. EvOeikTIKa,
oTov nupyo M2A, ol BE0EIC TWV AYKUPWOEWVY (Paivovtal oTnv
Eikova 5. Qotdoo, n TeAIKn €EENIEN TwV HETAKIVAOEWY OTO
Xpovikd d1aoTnua aveyepong Tou TOEOU RTAv peEca oTa oOpia
TWV UETAKIVAOEWV oXedlaopoU Kal dev Xpeldabnke evepyo-
noinon TETolou gevapiou avaykng, To onoio BERaia (CUPPW-
va pe TNV €€avtAnTikn a&ioAdynon TNG oupnepIPopdc Tng
KaToAioBnaong) ekTiunOnke 0TI Ba xpeialdTav POvVo EpOCoV n
apayidwaon Tou TOEOU Kal n aveEapTnTonoinon ano TNV oTn-
pIEN TWV NUpywv, kaBuoTepouaav NoAu.
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Eikova 5. ©£0eic npoBAENOPEVNG EYKAPOIAG ayKUpwaong
kepahodéapou M2A

4. Zl0vown

3T0 ApBpo auTo neplypdPnke n PebodoAoyia nou akoAoubn-
ONKE yIa TN YEWTEXVIKN KAl OTATIKI MEAETN TWV BEUEAIWOEWYV
TWV NUPYwWV MoU XpNnoigonoinénkav yia TV aveéyepon Twv
TOEWV Kal TOU KATAOTPWMATOG TNG YEPUPAG oTnv Toakwva,
ol onoiol BspsAiwOnKav aTnV evepyo katoAioBnon Tng neplo-
XNG. H 18ilopopeia Twv €pywv ATAv 0 KabopIoTIKOG Napdyov-
Tag nou odnynoe ot xprnon noAAanAwv @adoswv avaiuong
yla TNV NpOCEYYIoN TNG CUHMEPIPOPAC TWV NPOCWPIVAV Ba-
B0V BgPeAIOOsWY Kal YEQUP®V. ‘'ONwG auTh n Unepnpoo-
nadeia anédei€e AAAN Wia @opd OTI N CUVEPYATia YEWTEXVI-
KOV Kal dOPOOTATIK®OV PNXAVIK®OV €ival KAt napandve anod
anAn ekTignon «oTabepwv eAaTnpinv», Kal PpEpouaag Ikavo-
TATAC MEMOVWHEVOU MACOAAoU. YNApPXEl avaykaiotTnTa npay-
MaTIkng opadacg, kadnuepivig TpIBAG Kal avadpaong waTe va
oxed1aleTal To €pYO AMOTEAECHATIKA.

5. EuxapioTigg

O oxedIaouoG ToUu €pyou OTNn (pACn KATAOKEUNG TNG YEPUPAG
Kdl N avranokpion oTnv NpokANon Tng BepeAiwong onuavTi-
KOV €pYWV aAAd Kdl TNG Npoowpivig €dpaong Tng EBVIKNAG
OdoU, oTO CWHa HIag eupuTaTng evepyou katoAioBnong, i-
Tav €pyo OpAadIKNG €pyaciag Twv OTEAEXWV TNG E€TAIPEIAG
«OAOTEXNIKH E.M.E.». Suykekpiyéva epyacbnkav, ol K.
Tepepoyhou, MoA. Mny, I. MpouvTtlonouAog, Ap. MoA. Mnx.,
M. ®optodakng, Ap. MoA. Mnx., K. Nikag, MoA. Mnx., I. Baai-
AonouUAou, Ap. MoA. Mnx., ®. Xpuooxoidng, Texv. FewAdyog,
I. Zkapna, Texv. Mnx. kalr K. STapgoUAn, ZxediaoTtpia. Aev
Mnopei va pnv avagpepBei n €uneipn dnoywn Tou =ev. MnoTo-
nouAou MoA. Mnx., o onoiog NavtoTe oTnpPIle YE AnAEG AaAAG
NPAKTIKEG ANOWEIG TNV OOUAEId TwV VEOTEPWYV. TeAog atilel
va ava@epBei N cUPBOUAEUTIKN unooTApPIEN Tou Kab. I. Ava-
oraconouAou, Ap. MoA. Mnx. Kai Tou Kwv. T{iBakou, MoA.
Mnx. navw oTn PBeATIOTOMNOINGN Kal £QAPUOYR ToUu KwdIKa
ABAQUS.
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1: Mevikoi KAVOVEG Kal KAVOVEG yIa KTipia

EN 1992: Sxediaouog popewv and okupodeua, Mépog 2:
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Surveying a Tunnel Using an ROV
Bob Clarke and Rick Fletcher

A short section of the headrace tunnel at the La Higuera
Power Station in Chile collapsed in August 2010, forcing a
20 month repair outage. As part of those repairs, the own-
ers installed sensors that provide real-time monitoring of
geotechnical parameters within the tunnel. For a more
comprehensive overview, power production is halted to de-
ploy a remotely operated vehicle (ROV) to scan the entire
tunnel.

With a combination of new technologies and the innovative
application of existing ones, the owner is able to monitor
the tunnel without dewatering, minimizing lost energy pro-
duction and preventing the development of stresses that
are induced on tunnel linings when they are dewatered. This
article describes the ROV systems used to inspect the tun-
nel and provides examples of the products the owner uses
to manage this valuable generating asset.

Introduction

La Higuera is a 155 MW run-of-river project in the Andes
Mountains on the Tinguiririca River in Chile. The project is
managed by Tinguiririca Energia, which is co-owned by Pa-
cific Hydro and SN Power. Construction of the project was
completed in 2009.

Water comes from two intakes on the Tinguiririca and
Azufre rivers, as well as from the 155 MW La Confluencia
hydroelectric project, also owned by Tinguiririca Energia
and located immediately upstream. Both rivers are glacier
fed and contain high levels of suspended sediment. The
water flows into a small reregulation pond, then into an 18
km-long headrace tunnel, and finally through a surface pen-
stock to a powerhouse with two Francis turbine-generator
units.

The geology of the area includes volcanic andesites,
breccias and tuffs that contain swelling minerals that react
with water from the tunnel and expand, exerting pressures
of up to 1.7 MPa (powdered sample) that could result in
cracking, bulging and eventual collapse of the tunnel lining
system. The headrace tunnel was constructed using drill
and blast techniques from 10 different fronts. Most of the
tunnel was supported with shotcrete and bolts and features
a roller compacted-concrete (RCC) floor.

In August 2010, a 20 m-long section of the tunnel col-
lapsed. The collapsed area was sealed off and a 260 m-long
bypass was constructed to reinstate water flow. As a result
of a complete inspection of the tunnel, areas that showed
distress or a high swelling potential were reinforced with a
combination of Norwegian girders, cast in place concrete,
bolting and shotcrete as required.

The tunnel was refilled in May 2013 and has operated suc-
cessfully since then, with dewatering conducted in July 2014
to verify the performance and condition, perform basic
maintenance (cleaning of the rock trap) and install addi-
tional sensors for monitoring of the tunnel lining.

Monitoring of tunnel condition

Tinguiririca Energia wished to monitor condition of the re-
paired tunnel to ensure it would operate without incident.
Dewatering the tunnel to do this would not only lead to sig-
nificant lost electricity production but also cause reversal of
water pressure on the tunnel, with the potential for inducing
damage to the lining.

To provide real-time and ongoing monitoring of tunnel con-
dition, Tinguiririca Energia implemented a series of
measures, including:
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e Installation of geotechnical instrumentation (fiber-optic
extensometers, vibrating wire piezometers and crack-
meters, and Brillouin optical time domain reflectometry
(BOTDR) fiber-optic strain measurement);

e Installation of pressure transducers to measure head
losses and trigger an alarm if the losses exceeded a
predetermined range;

e Turbidity measurements at the intake and discharge of
the water, along with allowances for the transit time of
water in the tunnel, to trigger an alarm if there is an
unusual or unexplainable differential in measurements;
and

e Periodic inspection of the tunnel using an ROV to check
for rock falls, swelling of the rock mass and condition of
the rock trap.

This has allowed the tunnel to remain in a pressurized state
and minimize outage times while collecting adequate data
for the tunnel’s condition assessment.

Objectives of ROV inspection

The ROV inspection was to target three key components for
the condition assessment:

e General tunnel condition;

e Deformation of the tunnel perimeter due to the presence
of swelling minerals in the rock mass; and

e Detection of any cracking, displacements, or separations
in the tunnel lining.

The general inspection was to provide information including
identification and quantification of any debris or rock fall-
outs, accumulations of sediment and condition of the rock
trap. To facilitate locating the ROV within the tunnel, angled
metal plates were installed on the left wall at 500 m inter-
vals and surveyed in.

To determine potential deformation of the tunnel perimeter,
before watering up of the tunnel and after the repair work
was completed, a georeferenced lidar (laser imaging, detec-
tion and ranging) survey was completed, generating a point
cloud with a precision of £2 mm. Because one of the data
sets collected using the ROV was to generate a similar point
cloud, this would allow for a comparison between the two
point clouds to determine any deformations in the tunnel
surfaces.

In anticipation of potential deformations and cracking of the
liner, it was desired that the ROV would also be able to pick
up any of these types of features. It was recognized that
hairline cracks would not create a sonar shadow, and only if
the cracks opened up to more than 10 mm or resulted in a
physical displacement from one side of the crack to the oth-
er would these be visible.

ROV inspection

ROVs, unmanned robotic systems controlled by a human
operator, are typically tethered by a cable that incorporates
conductors for power and telemetry and strength members
bundled by a protective jacket. This configuration provides
power from a surface supply, real-time control of the vehi-
cle, and immediate feedback and relay of data from the
machine. Development of them for internal inspections of
tunnels and pipelines has produced a cost-effective alterna-
tive to dewatering tunnels for condition assessment sur-
veys.

The client representative and experts are able to view data
from the ROV in real-time and are able to make a reasona-
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ble condition assessment based on the sensory feedback.
Sensors typically include video systems for visual feedback
and usually one or more sonar systems for navigation and
metrology. Depending on the vehicle, a wide variety of oth-
er more exotic sensors can also be integrated, such as un-
derwater laser systems, point measurement velocimeters,
hydrophones, chemical sensors and physical sampling de-
vices.

Vehicle development

ROVs use sonar systems to make underwater measure-
ments. For measuring tunnel diameter, a scanning sonar
system is commonly used. The sonar emits a narrow sound
pulse and measures the time it takes to travel from the
transducer, bounce off a target and come back to the trans-
ducer. This measurement of time is translated into distance
using the speed of sound in the water. A scanning sonar
makes this measurement multiple times at discrete angular
intervals to cover a complete 360 degrees.

The best use of this application requires stabilizing the vehi-
cle so that the measurements are accurate. Even if high-
end motion sensors are incorporated onto the vehicle and
the ROV flown down the center of the tunnel, the resulting
cork-screw in the data results in sparse coverage.

A multibeam sonar system emits multiple sonar pulses sim-
ultaneously, with each beam acquiring a single measure-
ment (see Figure 1). This makes all the measurements in
that sample, or ping, accurate with respect to each other.
Multibeam sonar is normally used for making depth meas-
urements in open bodies of water and has a “field of view”
that is typically about 120 degrees wide. By using three
systems, it was conceivable to obtain 360 degrees of cover-
age of the tunnel.

Figure 1 - Scanning and Multibeam Comparison

Measurements by scanning sonar (red),
insufficient to provide necessary coverage
Ideally a 360 multibeam system (blue} is used

AR e R R i TR AT o OEREER

Profiles obtained by scanning sonar  Profiles obtained by multibeam sonar
provide a helix or spiral of points provide a denser point cloud

Different data is acquired using a scanning profile
sonar and multibeam data acquisition. This figure
shows the data collected by the two while traveling
through a tunnel.

ASI selected the Reson 7125 multibeam system because it
had a good track record and had previously been operated
as a dual-head system, although never configured to oper-
ate with three heads. The manufacturer was also a provider
of the data acquisition and processing software, making it a
“one-stop-shop” for development of this sensor package
into one that could be applied in the tunnel.

To detect small targets, another type of sonar system was
required. A scanning image sonar acquires a two-
dimensional image of its target area using a fan-shaped
acoustic pulse that is swept across the area of interest,
generating an almost photographic image.

Again, an accurate image requires time and stabilization of
the ROV and sonar while the acoustic pulse is stepped
across the area of interest. In recent years, sonars identi-
fied as 2D sonars, acoustic cameras or multibeam imaging
sonars have become more popular for use as navigation
tools on ROVs. The multibeam imaging sonar uses multiple
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beams fired simultaneously to create an image over a field
of view that can be updated several times per second, ren-
dering an image stream representative of a video.

ASI used multiple BlueView 2D imaging sonars to cover the
invert and tunnel walls. By rotating the sonar 90 degrees
and mounting it angled to the side, coverage of the walls
could be achieved.

The middle sonar was mounted on a tilt tray so that it could
be used to image the crown if needed. Three heads had
never been operated simultaneously before and never in
such a confined space as a tunnel.

The combination of sonars would transmit a significant
amount of data, so a telemetry system that could handle a
high volume of data at high speed was essential. ASI se-
lected the Forum Sub-Atlantic Mohican ROV. The new tech-
nologies to support the data requirements as well as im-
proved systems’ reliability made this selection essential for
successful development of a new-generation tunnel inspec-
tion ROV.

At Reson’s facilities in Goleta, Calif., USA, ASI conducted
initial testing with the three multibeam heads, the three
BlueView systems, a scanning Tritech Seaking sonar that
was standard to the ROV, and an acoustic Doppler current
profiler (ADCP). This latter sensor is integral to the inertial
navigation system that would be required to accurately
track the ROV - there is no GPS signal in a tunnel, especial-
ly one filled with water.

All of these sensors are acoustic based. From all suppliers,
this required new software simply to trigger the multiple
systems, then consideration had to be given to possible
interference between the units. This was equivalent to a
group of musicians tuning their instruments at the same
time in a room with no sound absorption; echoes and multi-
path artifacts resulted in a significant amount of “noise” or
stray signals being picked up by the sensors, initially result-
ing in poor-quality data.

With a combination of synchronization, directionality and
adjustments of frequency, the multiple systems were even-
tually configured to provide good quality data without inter-
ference.

System performance

The system was first deployed into the Tinguiririca tunnel
that is located immediately upstream and is part of the La
Confluencia project (both tunnels carry the same name).
Technical issues prevented all of the multibeam systems
working consistently, but the overall operation and collec-
tion of data proved the concept. The inspection results pro-
vided additional details on an anomaly that was identified in
an earlier inspection, conducted by ASI with its Falcon ROV
that was fitted with a scanning profile and BlueView sonar
systems. A small relief target was identified with the scan-
ning profile sonar - a coincidence considering the scan came
around at just the right time to catch the feature (see Fig-
ure 2).

Figure 2 - Small Feature Identified

ZgAida 13



A small feature with a raised profile is present on the
bottom left side of the invert. The images show how it
was identified with scanning profile sonar (left) and
multibeam sonar (right) on subsequent inspection.

The benefit of the multibeam system is that it can collect
several thousand points within a small area that better de-
fines surfaces. The follow-up inspection captured not just
the one instance of the raised target but completed the full
model of the area so that the feature could be put into con-
text with its surroundings (see Figure 3).

Figure 3 - 3D Model of Feature
P
RAISED |

FEATURE
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A 3D model of the tunnel location in Figure 2 was
rendered from multibeam point cloud data. The left
image is a view from inside a lined section out to the
main tunnel. The right image is downstream of the
lined section and shows the raised feature adjacent
to the wall.

The feature of interest had length, so it was unlikely to be a
rock. A few months after the inspection, the tunnel was
dewatered during a routine maintenance outage. Arrange-
ments were made to conduct a drive through the tunnel to
locate targets that had been seen in sonar images and
compare them with actual features. The target of interest
modeled by the sonar systems was identified as pipes that
were installed through the lined section. They allow water to
drain from the tunnel on the upstream side of the lined sec-
tion (see Figure 4).

Figure 4 - Feature Identified Visually

These photos of the downstream end of the lined sec-
tion shows pipes that provide a bypass for water
when the tunnel is dewatered to drain water from the
upstream side of the lined section. This was the fea-
ture identified in Figures 2 and 3.

Another common observation was noted as “linear feature.”
Without knowing the exact nature of these items, they
could not be labeled as cracks or joints. During the drive
through, the joints between consecutive pours of the RCC
on the tunnel invert were ignored until it was realized they

were the “linear features” identified in the sonar images.

Conclusions

The system has been used to make three runs at La
Higuera and two at La Confluencia. The system always col-
lected information of value, and during operation in March
2014 where both the La Confluencia and La Higuera tunnels
were inspected, the system performed without issue.

The continual improvement and application of remote tech-
nologies to asset management projects can help reduce
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overall inspection costs, eliminate the risk to inspection
personnel and eliminate structural risks associated with
dewatering a tunnel. The level of detail that can be ob-
tained, even in zero visibility water, can be used to detect
small isolated rocks or debris so that intervention can be
planned in advance rather than in an emergency response.
The ROV will continue to be used to provide assurances to
all stakeholders that the tunnel can be effectively monitored
without the need to dewater.

Bob Clarke, P.Eng., is senior operations manager of ASI
Group Ltd. Rick Fletcher, now retired, was executive man-
ager, engineering (Chile) with Pacific Hydro Chile SA at the
time the work discussed in the article was performed.

(Hydroworld, 04.01.2016,
http://www.hydroworld.com/articles/print/volume-24/issue-
2/features/surveying-a-tunnel-using-an-rov.html)
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Trends in Dam Safety
Michael F. Rogers

Dam safety is an aging concern of the profession, making it
critical for us to keep this topic at the forefront of conflicting
priorities for owners, regulators and the worldwide engi-
neering community. Lessons are being learned around the
globe, some tragically, that must be communicated and
shared to maintain our highest priorities of protecting and
serving the public with some of the most important infra-
structure facilities in the world. With even the smallest dam
comes great responsibility to prioritize safety, minimize risk
and never become complacent, recognizing that all man-
made structures have a useful service life that must be un-
derstood and respected, even to decommissioning when
that service life is complete.

Dealing with El Nino

The current “*monster” El Nino weather pattern in the Pacific
Ocean has serious implications for dams in North America,
and for the state of California in particular. Most of the
western U.S. has been experiencing drought conditions over
the past four years, with California suffering the most sig-
nificant impacts. Most of the state has been classified as
experiencing “extreme” to “exceptional” drought since
2014. Recent large storms have begun to make a dent in
the state’s water deficit, but still reservoirs remain far from
filled.

Being confident this weather would bring significant drought
relief over the winter of 2015-2016, we did a lot of work in
2015 that involved looking at all aspects of dam safety for
several important dams in southern California. It was vital
to determine what owners of reservoirs and dams needed to
do to get ready for possible sudden increases in water in-
flow. There was a significant push to make sure the dams
were ready for the anticipated extreme operating change in
terms of both equipment (such as the radial gates and low
level outlets) and instrumentation.

Bear Valley Dam is a 92-foot-high multiple barrel arch dam
in southern California. Work to ensure the spillway gates
were ready to operate was required in the event of a large
rainfall event from El Nino.

This anticipated weather pattern provides a great oppor-
tunity to get a good assessment of the performance of
dams and dam safety equipment. Some reservoirs hadn't
experienced water levels this low since they were initially
filled, decades earlier, and there was potential that these
reservoirs would be completely filled in just one season.
With that anticipated large range of reservoir levels, it was
important to verify the instrumentation was ready to go
(e.g. verifying piezometers were performing correctly and
the potential effects of uplift on concrete dams).
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We performed this type of work at Bear Valley Dam. Locat-
ed on Bear Creek, a tributary of the Santa Ana River, Bear
Valley Dam forms the famous Big Bear Lake in the San
Bernadino Mountains of southern California. Last fall, the
water level in this reservoir was 13 feet down from normal
pool, the lowest the reservoir has been in more than a dec-
ade. With a large watershed (38 square miles) relative to
the available storage in the reservoir, there was potential
that water levels could reach the top of the dam with just
one or two large storms. Thus we worked with the dam
owner, Big Bear Municipal Water District (BBMWD), to make
sure their spillway gates were ready and they had an opera-
tional plan ready to implement.

To provide context as to why this is important and relevant,
a dam failed in the Midwest last year because one of its
radial gates didn't operate when storms came. As a result,
the embankment dam got overtopped and failed. This was a
situation where the dam would probably have survived the
large flooding event if the owner had been able to operate
that gate.

At dams where gates have sat a long time without operat-
ing, it is vital to make sure they are ready to go before ma-
jor storm events. Dams like Shasta and Oroville in northern
California are examples of situations where large gates have
sat idle for five to eight years. The California Department of
Water Resources and U.S. Department of Interior’s Bureau
of Reclamation spent considerable time this last fall exercis-
ing those gates and making sure they were ready to go. As
a result, the risks to the projects have been minimized by
addressing theoretical potential failure modes (PFM) associ-
ation with non- or mis-operation of critical spillway gates.

Gaging hydrology

The Big Bear project provides another dam safety lesson in
today’s market. Water is a valuable commodity in Califor-
nia, so it can't be wasted. At Big Bear Lake, the local econ-
omy depends on tourist recreation that comes from high
lake levels in the summer. Thus BBMWD must always gauge
how much the reservoir level will rise when these rain
storms occur across their watershed, in an attempt to bal-
ance water releases and storage while avoiding overtopping
the dam.

Determining the hydrology of watersheds is difficult because
you are trying to make educated guesses: With a particular
amount of rainfall or snow/snowmelt, how much will run off
and how much will be absorbed? What impact will that have
on the reservoir level? Typically there is not a lot of instru-
mentation installed around watersheds and this makes it
difficult to tie precipitation events to rising water levels in
the reservoir. BBMWD took this opportunity to augment its
database of weather data using regional data from the
nearby airport and ski parks. When faced with predicted
large storms, they need to draw the reservoir down to pre-
vent overtopping the dam. District General Manager Mike
Stephenson says, “That’s a delicate process. You don’t want
to release any more water than you have to because it is so
valuable. But you also have to balance that [keeping water
in the reservoir] with keeping the dam safe.” With the right
instrumentation in the right location, you can better hone in
on best answers for operating the dam and reservoir in the-
se extreme situations.

Hazard analysis

With regard to “cool” newer things that are going on in the
practice of dam safety, the idea of risk assessment and
probable maximum floods (PMF) for high-hazard dams is an
important aspect. We see more dam owners wanting to use
risk assessment concepts that utilize extreme hydrologic
and seismic events (i.e., PMFs and maximum credible
earthquakes) to prioritize dam safety budgets and focus
dam safety improvements on those projects where they can
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maximize the return on their investments for protection of
the dam and residents downstream. A lot of work is being
done in the industry to identify good assessments of risk for
these projects, especially for owners with multiple projects
or a portfolio of dams. Examples of this include Southern
California Edison, Reclamation, the U.S. Army Corps of En-
gineers, and Pacific Gas & Electric for their west coast in-
ventory of high-hazard projects.

Owners of these high-hazard projects will tell you there is
always a need for regular updates and maintenance. When
looking at dam safety, we are trying to find those projects
that have the most immediate need for reducing risk by
investing money in a targeted fashion to address the high-
est risk-effective areas. With regard to what most owners
are looking for these days in projects to take on, they want
to know how they can reduce overall project and portfolio
risks to industry-acceptable levels. I believe that the dams
profession - owners, regulators and engineering consultants
- is doing a very good job in this respect. A lot of that work
is being led by the federal government, primarily the Corps
and Reclamation with their risk assessment methodologies.
Overall, this work is making the industry more robust with
regard to risk-informed decision making, thus leading to
safer projects and safer populations who are at risk down-
stream of dams.

This upstream view of Bear Valley Dam shows the level of
the reservoir, which was 13 feet down from normal pool last
fall, the lowest the reservoir has been in more than a dec-
ade.

In my role at the International Commission on Large Dams
(ICOLD), I'm seeing a lot of international interest in this
approach, particularly the risk assessment using a PFM ap-
proach to dam safety to increase the safety of projects all
around the world. The PFM approach of looking broadly at
project-specific characteristics and situations when prioritiz-
ing dam safety investments will likely be the worldwide
standard for the current and next generations of dam pro-
fessionals.

The average age of our more than 84,000 dams in the U.S.
is about 55 years. Any person 55 years old (or older) will
tell you that at this age, you need to get regular check-ups
for your health. Dams are no different. However, owners of
a lot of these projects haven't taken a fresh look at dam
safety, including hydrology, since the 1970s or 1980s. We
know watersheds change, along with our science of predic-
tion for large precipitation events. The focus in previous
updates to PMF studies had been the probable maximum
precipitation part, the meteorology part, and not so much
the changing watershed part. Updating the watershed char-
acteristics for development, for runoff, and actually putting
some measuring gages in the watershed area around the
reservoir for validation of assumptions, which can be con-

TA NEA THZ EEEEI'M - Ap. 88 - MAPTIOZ 2016

nected by remote telemetry, allows you to get that data in
real time to control centers for assessment and monitoring.
That data can be used to predict what's going to happen in
the reservoir, allowing an optimized operation for safety of
the dam and downstream residents and property.

Proper instrumentation

Speaking of my international work, both with MWH and
ICOLD, I have seen some innovative applications of proper
watershed monitoring in China. China Three Gorges Corpo-
ration (CTGC) is building projects in China and around the
world, and part of the work CTGC is doing on big rivers with
cascades of dams and hydro plants is getting good instru-
mentation installed in the upper reaches of watersheds so
they can predict flows and are prepared in real time for the-
se flooding situations. Mountains and watersheds in China
are almost completely fed by runoff. They need to know, to
a high degree of accuracy, what’s coming down the river
along a particular cascade. I've seen some of the state-of-
the-practice work being done by CTGC in this regard, in-
cluding work in ICOLD on a new bulletin by the Technical
Committee on Integrated Operation of Hydropower Stations
and Reservoirs.

The Chinese dam engineers and builders are in a great posi-
tion, and we're in a position to learn from them, because of
the sheer number and size of dams and hydro projects they
are building. Hydro developers from China, including CTGC,
are leading developers of large projects in Africa and South
America. We are talking about a lot of technology being
developed for large projects in China and bringing this to
projects around the world.

Dealing with aging structures

A common question from dam owner clients is about the
remaining useful service life of their structures and equip-
ment. Many projects in the U.S. were built 50 to 100 years
ago and have surpassed their design life. Owners ask, “If I
have a concrete or embankment dam, what do I need to do
to get another 50 to 100 years out of my project?” For well-
maintained projects, not a lot needs to be done. It's a bit
like an older model car or older house, or an aging person.
You have to do some routine maintenance (or exercise),
and every so often you have to do major overhauls to stay
healthy and productive.

A lot of U.S. projects are ready for a major overhaul, or at
least a significant check-up or review of high-risk aspects of
structures. And by a major overhaul I say for concrete
dams, looking at deterioration over time, particularly in
areas susceptible to freeze-thaw damage and how much of
the concrete remains to carry original design loads. They
may need an overhaul to remove deteriorated concrete,
bridges or spillway piers. Thinner concrete structures are
usually more susceptible to material losses through deterio-
ration. In some cases, projects may be ready for an over-
haul to completely replace them or remove them completely
from service. Over the next decade or so, owners will need
to decide if the cost and benefit of maintaining an aging
dam are worth the investment to continue periodic refur-
bishments, possibly replace all or a portion of the structure,
or decommission the project entirely.

One of the big disservices we could do as a profession is try
to keep old projects, those that are reaching the end of
their design life, in operation through minimal investments
and not properly assessing the overall structural condition
and risks of keeping those projects in service after their
design life. This approach increases risk to the project, envi-
ronment and downstream population and property as PFMs
change and escalate with time. The ultimate risk facing
many projects is structural failure, either limited or cata-
strophic. As time goes on, that risk of failure will slowly
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increase and must be met with increasing investment and
vigilance by owners.

Many of the world's dams have reached an unacceptable
level in terms of risk and, unfortunately, we regularly see
news reports of dam failures. As a profession, we should
strive for the highest possible safety standards that mini-
mize risk to our worldwide inventory of dams. We as own-
ers, regulators and the engineers who are looked to for
proper assessments need to be cognizant of our profession-
al duty to keep the public safe, including replacement or
removal of dams at the end of their design service lives.

Mike Rogers, PE, PMP, is vice president, principal civil engi-
neer and senior project manager with MWH. He also is chair
of the U.S. Society on Dams’ Technical Committee on Con-
crete Dams and vice president for the Americas Region of
the International Commission on Large Dams.

(HYDRO REVIEW, 01.04.2016,
http://www.hydroworld.com/articles/hr/print/volume-
35/issue-3/articles/trends-in-dam-safety.html)

Investing in critical infrastructure like dams is paramount to
public safety... According to the 2013 National Inventory of
Dams, Rhode Island has 236 dams, 97 of which are classi-
fied as high hazard potential, wherein dam failure is proba-
ble to cause loss of human life. In West Virginia 422 dams
are classified as high hazard potential. The new effort pro-
posed in US Senate legislation makes many of these dams
eligible for grant assistance to help inspect, repair and re-
habilitate high-hazard dams.

0.€. 'EXel vivel kdnolog €AeyxoC TNG KATACOTAONG TWV GpPay-
MaTtwv otnv EAAGda; H nAikia kanolwv and auTtd unepBaivel
Ta 60 xpovia, evw £xouv oxediaodbr (kal kataoksuaodn) e
OEIONIKA PopTia NOAU PIKPOTEPA AUTWV WE Ta onoia oxedid-
{OUpE ONUEPA Kal, EVOEXOHEVWG, ME MIKPOTEPEG NANMHUPIKEG
napoxeg. IdoU nediov d36ENG Aaunpov yia Tnv EAAnvikn Eni-
Tponn ®payudaTwy Kal TauIEUTAPWV.
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NMPOZEXEI2
FEQTEXNIKEZ
EKAHAQZEIZ

Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPIOTOTEPEC MANPOPOPI-
€C MnopoUv va avalntnBolv oTa nponyoUudeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBEPEVEG I0TOTEAIDEG.

19SEAGC - 2AGSSEAC Young Geotechnical Engineers Con-
ference, 30" May 2016, Petaling Jaya, Selangor, Malaysia,
seagc2016@gmail.com

19% Southeast Asian Geotechnical Conference & 2" AGSSEA
Conference Deep Excavation and Ground Improvement, 31
May - 3 June 2016, Subang Jaya, Malaysia,
seagc2016@gmail.com

ISSMGE TC211 Conference Session within the framework of
the 19th Southeast Asian Geotechnical Conference
“"GROUND IMPROVEMENT works: Recent advances in R&D,
design and QC/QA”

O3 D
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3" International Course on
Geotechnical and Structural Monitoring
7-9 June 2016, Poppi, Tuscany, Italy

www.geotechnicalmonitoring.com/en

“After two successful editions of the International Course on
Geotechnical and Structural Monitoring (held in Poppi, Tus-
cany, Italy in June 2014 and June 2015) that attracted
more than 200 registrants from 34 countries and 32 part-
ners, we’'re now working hard to organise a third edition in
2016. 25 speakers have contributed to the high professional
level of the past courses and we're looking for improve-
ments and innovation. Some new expert speakers are ex-
pected for the next edition. We plan to invite registrants to
interact with us well before the start of the course, to dis-
cuss the possibility of them making presentations about
new monitoring trends and about case histories and lessons
learned.

After the 2015 course we had an exciting field trip to the
Poggio Baldi landslide (www.landslidemonitoring.com),
where 10 companies made demonstrations of their equip-
ment. We're exploring the possibility of another field trip
combined with the 2016 course.”

Leading experts from all over the world will contribute with
their lectures to one of the most advanced and high profes-
sional course ever organized about Geotechnical and Struc-
tural Monitoring.
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In the next edition three special sessions will be dedicated
to the presentation of the new trends on geotechnical
and structural monitoring, by course Partners and in
particular:

New Trends in Contact Monitoring

New Trends in Remote Monitoring

New Trends in Offshore Monitoring and Data Transmis-
sion and Management (more details about this session
are available here...)

Furthermore, 10 challenging Case Histories were se-
lected by a call for presentation dedicated to the course
participant (more details about this session are available
here...).

Several companies are expected to attend the 2016 edi-
tion of the course to show their innovative solutions equip-
ment for geotechnical and structural monitoring (list of
Partners and Exhibitors already confirmed for the 2016 Edi-
tion).

The course is intended for engineers, geologists and techni-
cians who are involved with performance monitoring of geo-
technical features of civil engineering projects, project
managers and other decision-makers who are concerned
with management of RISK during construction of these and
other project types:

Large and small infrastructures
Tunnels

Dams

Excavations

Excavated and natural slopes
Building foundations
Transportation

Mining

Oil and gas

Land and water management

Topics

This is a course for practitioners, taught by practitioners
with wide field experience. The emphasis is on why and how
to monitor field performance.

The course will cover the following main topics:

Basic concepts of monitoring and planning

Contact Monitoring methods

Remote Monitoring methods

Vibration Monitoring

Offshore Monitoring

Management, analysis and interpretation of data
Interactive sessions

Case-histories, given by international leading experts
Open forum

The ISSMGE is supporting the 3rd International Course on
Geotechnical and Structural Monitoring.

The Field Trip will be held again at the Poggio Baldi experi-
mental site and at the Ridracoli Dam (Santa Sofia, FC -
Italy) on 10th June 2016.

During the visit to the Poggio Baldi Landslie, participants
will have the opportunity to understand the geological and
geomorphological processes which led to the catastrophic
event of March 2010 and to take a look to the experimental
monitoring site that NHAZCA set up in collaboration with the
National Park “Foreste Casentinesi, Monte Falterona e Cam-

pigna”
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Practical demonstrations will be also performed by interna-
tional leading partners (manufacturers and expert techni-
cians) in the geotechnical monitoring field, thus showing
and providing information about the most innovative solu-
tions for landslide monitoring (e.g. Laser Scanner, Radar
Interferometry, Photogrammetry) on a real test site.

During the visit to arch-gravity dam of Ridracoli, organized
thanks to the collaboration of Romagna Acque - Societa
delle Fonti S.p.A., the participants will have the opportunity
to visit the monitoring system of the Dam and of the sur-
rounding areas.

For more information about the event please Vvisit
www.landslidemonitoring.com

Contacts

Nhazca s.r.l.

via Cori s.n.c.

00177 Rome (Italy)
Tel. +39 06 9521 6501
Email info@nhazca.com
www.nhazca.com

ISL 2016 12 International Symposium on Landslides Ex-
perience, Theory, Practice, Napoli, June 12th-19th, 2016,
www.isl2016.it

20 MaveAAnvio Zuvedpio EEOpUENG kal EvaAAakTikwv Mefo-
dwv Alaxeipiong AnoBAATwv, 15-16 Iouviou 2016, A8rva,
www.erasmus.gr/microsites/1091
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8 Edition
des Journédes Africaines

de la Géotechnique

(JAG-2016)
Géotechnique et emergence socio-économique
des pays d’Afrique intertropicale
20-24 June 2016, Douala, Cameroun
www.8jag-cngc.org/8jag/en

Held in Cameroon in 2016 the next sitting of the General
Assembly of the African Association of Laboratory of Build-
ing and Public Works (ALBTP) and the 8th African Days
Geotechnics is the implementation of one of the resolutions
final communiqué of the latter held on 1 July 2015 in Ya-
moussoukro, Ivory Coast. This scientific event to bring to-
gether for four days the representatives of eighteen coun-
tries members of the said Association namely: Cameroon,
Chad, Burkina Faso, Congo, Gabon, Ivory Coast, DR Congo,
Mali, Togo, Niger, Guinea Conakry, Benin, Senegal, Burundi,
Ghana, Morocco, Tunisia and Equatorial Guinea.

The ALBTP is an association of organizations working in the
field of building and public works. Its primary objective is to
promote dialogue and exchange of experiences among its
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members in particular by the establishment of a data bank
and the realization of publications of common interest to
make the most of their scientific potential and technology.
It shall hold a General Assembly once a year. On the side-
lines to it, it organizes several activities including African
Days Geotechnics (JAG).

The last three editions of the African Days Geotechnics
(JAG) held respectively in the following countries: Congo
(Brazzaville, 2013); Burkina Faso (Ouagadougou, 2014)
and Ivory Coast (Yamoussoukro, 2015).

These days, among other objectives:

e Share and exchange innovative experiences geotechni-
cal work;

e Promote and strengthen cooperation between geotech-
nical African practitioners of this trade.

THEMES

Les sous-thémes proposés pour ces journées sont les
suivants:

e Matériaux locaux dans les infrastructures de Génie Civil
et innovations en matiére de techniques routiéres;

e Reconnaissance des sites, construction et maintenance
des barrages et autres infrastructures;

e Classification des sols en Afrique intertropicale;

e Révision des Régles Techniques de Génie Civil en Afrique
intertropicale.

CONTACT

Secretariat Technique

BP 349 Yaounde, Cameroun

Téléphone : (237) 699 32 1431/223 38 4364
Télécopie : (237) 222 30 3006

Courriel : jag2016 infos@yahoo.com

mike labogenie@yahoo.com

3 O

BCRRA 2017 Tenth International Conference on the Bearing
Capacity of Roads, Railways and Airfields, 28 -30 June
2017, Athens, Greece, www.bcrra2017.com

ICONHIC 2016 1% International Conference on Natural Haz-
ards and Infrastructure: Protection, Design, Rehabilitation,
28-30 June 2016, Chania, Greece, http://iconhic2016.com

ICONHIC 2016 Performance-based soil-structure interaction
of lifelines and infrastructure, gerolymos@gmail.com,
asextos@civil.auth.gr & a.sextos@bristol.ac.uk
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Conference in Honour of Michele Maugeri
01 July 2016, Catania, Italy
www.associazionegeotecnica.it

Location: University of Catania Department of Civil Engi-
neering and Architecture (DICAR) Auditorium - Edificio della
Didattica Cit, Catania, Italy

Language: English
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Organizer: Italian Geotechnical Society

Contact person: AGI

Address: Viale dell'Universita 11, 00185 Rome, Italy
Phone: +39 06 4465569

Fax: +39 06 44361035

E-mail: agi@associazionegeotecnica.it

Website: www.associazionegeotecnica.it
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4th GeoChina International Conference Sustainable Civil
Infrastructures: Innovative Technologies for Severe Weath-
ers and Climate Changes, July 25-27, 2016, Shandong,
China, http://geochina2016.geoconf.org

S3: Slopes, Slides and Stabilization, August 1-3, 2016,
Denver, USA, events@dfi.org

6™ International Conference on Recent Advances in Ge-
otechnical Earthquake Engineering and Soil Dynamics
August 1-6, 2016, Greater Noida (NCR), India,
www.bicragee.com

EUROC 2016 - ISRM European Regional Symposium Rock
Mechanics & Rock Engineering: From Past to the Future, 29-
31 August 2016, Urgiip-Nevsehir, Cappadocia, Turkey
http://eurock2016.0org

ICEGE 2016 1% International Conference on Energy Geo-
technics, 29-31 August 2016, Kiel, Germany, www.iceg-
2016.de

3 ICTG - 3™ International Conference on Transportation
Geotechnics 4 - 7 September 2016, Guimaraes, Portugal,
www.civil.uminho.pt/3rd-ICTG2016

IAS’5 5% International Conference on Geotechnical and Ge-
ophysical Site Characterisation, 5-9 September 2016, Gold
Coast, Queensland, Australia, http://www.isc5.com.au

The World Multidisciplinary Earth Sciences Symposium-
WMESS 2016, 5-9 September 2016, Prague, Czech Republic
www.mess-earth.org
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3" European Conference on Unsaturated Soils

E-UNSAT 2016

Soils

12-14 September 2enf
Paris, France

Frontiers in Unsaturated

http://eunsat2016.sciencesconf.or

Geotechnical research into the field of Unsaturated soils
started in the 50’s with some funding papers including
Croney, Coleman and Bishop’s pioneering contributions and
its development started to be significant 20 years ago, fol-
lowing the venue of the UNSAT'95 - First International Con-
ference on Unsaturated Soils held in Paris in 1995, as a
consequence of a series of successful Conferences on Swell-
ing soils with the last one held in Dallas (1992).

This series of conferences sponsored by the TC6/TC106
Technical Committee of ISSMGE on Unsaturated soils was
afterwards followed by a series of successful Regional Con-
ferences that started in Singapore in 2000 with the Asia-
Pacific series, followed by the European one started in
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Durham (UK) in 2008 and, finally, the Pan-American series
started in Cartagena de las Indias (Colombia) in 2013.

In the meantime, research into the behaviour of unsaturat-
ed soils expanded in a spectacular manner in terms of la-
boratory/in-situ investigations and conceptual/numerical
modelling, aiming at solving practical engineering problems
based on sound analyses of coupled multi-physics phenom-
ena that became less mysterious thanks to the sound and
deep investigations carried out all over the world in a con-
stantly increasing number of research groups.

In this exciting context, there is no doubt that the forth-
coming E-UNSAT 2016 in Paris, will attract interesting con-
tributions and foster fruitful discussions from researchers
from Europe and overseas.

The main topics of the conference are the following:

Microstructure

Advances in experimental methods
Water retention and transport properties
Mechanical behaviour

Physical modelling

Thermal and chemical effects
Fundamentals

Constitutive modelling

Numerical modelling

Nuclear waste disposals

Gas storage
Soil-vegetation-atmosphere interactions
Foundations

Slope stability

Dams and dykes

Transportation infrastructures
Geo-environmental applications

Case histories

Contact: eunsat2016@sciencesconf.org
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ACCUUS 2016 15% World Conference Underground Urbani-
sation as a Prerequisite for Sustainable Development, Sep-
tember 12-15, 2016, http://acuus2016.com

SAHC 2016 - 10th international Conference on
Structural Analysis of Historical Constructions 13-15 Sep-
tember 2016, Leuven, Belgium, www.sahc2016.be

Hydropower Development Europe 2016 - Flexible hydro-
power and pump storage generation for a safe renewable
electricity system, 14 - 15 September 2016, Lyon, France,
http://www.wplgroup.com/aci/event/hydropower-
development-europe-2016

13 Baltic States Geotechnical Conference Historical Experi-
ences and Challenges of Geotechnical Problems in Baltic
Sea Region, 15 - 17 September 2016, Vilnius, Lithuania,
http://www.13bsgc.lt
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() ATCOLD

Qaterreichisches Nalonalkomitee fdr Talspernen

Dam Surveillance Practice
3rd Experts Seminar
18 - 23 Sep 2016, Landeck, Tyrol, Austria
www.atcold.at/de/home-1/41-2016-
veranstaltungen/155-dam-surveillance-practice-2016

The Austrian National Committee on Large Dams is organiz-
ing the 3™ International Seminar on Dam Surveillance and
Safety Assessment of dams.

This international seminar - the third after the successful
seminar of 2005 - will deal with all the questions regarding
the surveillance and safety assessment of dams. Experts
will speak about the theory and practice of dam engineer-
ing, instrumentation, execution of measurements, visual
inspection, data processing and safety evaluation for con-
crete and embankment dams. The theory will be supple-
mented by practical work at dam sites, which will include all
aspects of site inspection. The participants will be encour-
aged to present their own findings and conclusions from site
inspections and safety assessment. Sufficient time will be
available for discussing dam surveillance matters in detail.

The seminar is tailored to persons involved in dam design,
operation, surveillance as well as dam safety assessment.
Renowned and specialized lecturers in this field will teach
about surveillance practice for three days. Two days are
dedicated to practical courses and exercises in dams to car-
ry out measurements and performance data collection. On-
site practical courses will be held in a concrete and fill dam
respectively.

If you have any questions, please contact

Univ.-Ass. Dipl.-Ing. Edwin Staudacher
Telephone: +43 (316) 873 - 8852

E-Mail: edwin.staudacher@tugraz.at
Fax: +43 (316) 873 - 108852

Please do not hesitate to contact us at secretary@atcold.at
for further details.

ACE 2016 12" International Congress on Advances in Civil
Engineering, 21-23 September 2016, Istanbul, Turkey,
http://www.ace2016.0rg
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International Geotechnical Engineering Conference on
Sustainability in Geotechnical Engineering
Practices and Related Urban Issues
23-24 September 2016, Powai, Mumbai, India
www.igsmumbaichapter.in

International Conference on “Sustainability in Geotechnical
Engineering Practices and Related Urban Issues” is jointly
organised by the Indian Geotechnical Society (IGS), Indian
Geotechnical Society Mumbai Chapter (IGS Mumbai Chap-
ter) in association with International Society for Soil Me-
chanics and Geotechnical Engineering (ISSMGE). This inter-
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national event of ISSMGE offers a platform for worldwide
geotechnical engineers, researchers and practitioners to
interact and share experiences on geotechnical testing,
analysis, design and construction issues. The conference
will be held at Ramada Powai Hotel and Convention Centre,
Mumbai, India during September 23-24, 2016. The detailed
information regarding themes, speakers and registration
details will be published shortly.

THEMES

The main theme of the Conference is sustainability in ge-
otechnical engineering practices and related urban issues.
Under this main theme, the following applications will be
covered in the Conference.

Cost effective foundations

Railways and tramways and their formations
Rigid and flexible pavements and tunnels
Landfills and hazardous waste management
Earth and rockfill dams and levees

Shore and bank protection

Offshore geotechniques

Slopes and earth retaining structures

All these applications will include the following:

Field and laboratory testing
Modelling, analysis and design
Instrumentation and monitoring
Geo-hazarads

Reliability studies

Codes and standards

Any other related topics

ADDRESS FOR CORRESPONDENCE

Prof. Deepankar Choudhury

Organising Secretary,

Professor, Department of Civil Engineering,
IIT Bombay, Powai, Mumbai 400076, India.
Email: igsmumbai@gmail.com

Phone: +91-22-2576 7335

and

Prof. Mahua A. Chakrabarti

Joint Organising Secretary,

Professor, Department of Structural Engineering,
VITI, Matunga, Mumbai 400019, India.

Email: igsmumbai@gmail.com

Phone: +91-22-2419 8251
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EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,

WWW.eurogeob6.org

8th Nordic Grouting Symposium State of the art - Future
Development, 26-27 September 2016, Oslo, Norway,
http://nordicgrouting.com

5™ International Scientific Conference on Industrial and
Hazardous Waste Management, 27 - 30 September 2016,
Chania, Crete, Greece, http://hwm-conferences.tuc.gr
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BASEMENTS AND UNDERGROUND
STRUC‘I'UHES 201

roundforce Shorco

major

5-6 October 2016, London, United Kingdom
https://basements.geplus.co.uk

Ground Engineering is delighted to bring you the ninth an-
nual Basements and Underground Structures conference;
your best opportunity to explore the procurement, design
and delivery of underground spaces.

The event is a critical gathering of leaders from major cli-
ents, main contractors, consultants, designers, specialist
contractors and suppliers and essential for anyone involved
in small, medium or large scale projects.

There are many great reasons to attend the event in 2016,
but here are three you should have in mind when weighing
up whether to attend:

e Exclusive networking - gain access to over 220 senior
industry figures including potential clients, project part-
ners and innovative suppliers

e Peer learning - attend technical workshops, breakfast
briefings, panel discussions and case study sessions to
draw out lessons from current projects across the do-
mestic, commercial and infrastructure sectors

e Knowledge building - hear about the techniques and
technologies which will be critical to the delivery of fu-
ture basement projects and understand what this means
for your business

Whatever the scale, location or stage of the basements you
are involved in, Basements and Underground Struc-
tures gives you the industry’s best opportunity to improve
your knowledge and understand where future opportunities
will arise.

Contact: Roland Maybank on 0203 033 2911 or email ro-
land.maybank@emap.com

2" International Specialized Conference on Soft Rocks -
ISRM 2016 Understanding and interpreting the engineering
behavior of Soft Rocks, 6-7 October 2016, Cartagena, Co-
lombia, www.scg.org.co/?p=1634

ARMS 9, 9th Asian Rock Mechanics Symposium, ISRM Regi-
onal Symposium, 18-20 October 2016, Bali, Indonesia,
http://arms9.com

SFGE 2016 Shaping the Future of Geotechnical Education
International Conference on Geo-Engineering Education
20 - 22 October 2016, Minascentro, Belo Horizonte, MG,
Brazil, http://cobramseg2016.com.br/index.php/sfge-
sobre/?lang=en

10™ ICOLD European Club Symposium & Exhibition, 25-30
October 2016, Antalya, Turkey, http://trcold.com
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15t International Symposium on
Seismic Rehabilitation of Heritage Structures
30-31 October 2016, Tehran, Iran
www.srhs.ir

Topics

Principles and Standards

Theory of Conservation and Seismic Rehabilitation
Valunerability Assessment

Seismic Behavior

New Techniques, Materials and Innovations
Traditional Strenghthening Schemes and Methods
Repair, Strenghthening and Reconstruction
Structural Maintenance and Monitoring
Earthquake Risk Management

Case Studies

Colleagues interested in participating the symposium please
apply Prof. Mehrdad Hejazi (mm.hejazi@yahoo.com)

3 O

NEMO International Conference Probing the Santorini vol-
cano for 150 years / Algbvég ouvédpio NEMO 150 xpodvia
MEAETNC neaioTeiou TnGg =avTtopivng, 3-5 November 2016,
Santorini, Greece, http://nemo.conferences.gr

GeoAsia 6 - 6™ Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704
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5™ Infernational Confe

Geothechnical Enginoerlng & Soil Mechanics ..

15-17 November 2016, Tehran, Iran
www.icgesm2016.ir

Established in 1971, Iranian Geotechnical Society (IGS) is
one of the eldest professional engineering organizations in
Iran. IGS seeks to help in a better understating of the Geo-
technical Engineering field and to promote collaboration and
coordination among its members, who are graduates of
Geotechnical Engineering, Geological Engineering and other
related fields for scientific, professional and research-based
activities.
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Iranian Geotechnical Society is among the eldest members
of the International Society for Soil Mechanics and Ge-
otechnical Engineering and has maintained good ties with
ISSMGE.

In the line of spreading the Geotechnical Engineering
knowledge, scientific and professional conferences have
always been a major concern for IGS and in this regard, a
number of national and 4 international successful confer-
ences and many scientific seminars have been held.

In response to numerous requests from scientific societies
and experts of the practice, the 5" International Conference
on Geotechnical Engineering and Soil Mechanics
(5""ICGESM) will be held on November 15-17, 2016 in Teh-
ran with association of university faculty members, re-
searchers and experts of the practice in collaboration with
different ministries and organizations of the country. One of
the main objectives of this 3-day conference is to provide
an opportunity for the participants to present their
achievements and services and the latest technologies re-
lated to the field of Geotechnical Engineering.

Accordingly, Iranian Geotechnical Society encourages uni-
versity professors and students, engineers and experts in
Geotechnical Engineering and other related fields such as
Engineering Geology, Mining Engineering and Geophysics,
and clients who deal with Geotechnical Engineering pro-
jects, to participate in the conference and present their lat-
est findings in the form of papers, posters or workshop in
the context of the topics of the conference.

Conference Program

The main program of the conference consists of the follow-
ings:

e Keynote Lectures by National and International Distin-
guished Professors and Experts.

e Theme Lectures by National and International Experts
and Professors on each technical topic

Oral presentations of the selected papers
Poster presentations of the selected papers
Technical workshops and short courses

Exhibition for professionals, companies and their prod-
ucts/services

Technical book fair
Technical Tours and Social programs

Conference Topics

Laboratory Testing, Physical Modeling and Field Tests

Soil Characterization and Constitutive Modeling in Ge-
omechanic

e Geotechnical Engineering for Infrastructure and Trans-
portation

Geotechnics and Geomechanics in Petroleum Industries
Earthquake Geotechnical Engineering

Marine Geotechnics

Environmental Geotechnics

Geotechnics in Underground Space

Ground Improvement

Excavation in Urban Area — Challenges and Problems
Innovative Techniques and Technologies in Geotechnical
Engineering

® Lessons Learned from Case Histories

Contact Information of Secretariat

Address : NO7 - Nemati Dead End - Vali-e-asr ST. - Tehran
- Iran
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Tel : +98-21-88203845
+98-21-88203846

Fax : +98-21-88198520

Email: info@icgesm2016.ir
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RARE 2016 Recent Advances in Rock Engineering
16-18 November 2016, Bangalore, India, www.rare2016.in

TBM DiGs Istanbul 2016 2" International conference on
“TBM DiGs in difficult grounds”, 16-18 November 2016,
Istanbul, Turkey, www.tbmdigsturkey.org
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GEOTEC HANOI 2016

The 3" International Conference on
Geotechnics for Sustainable Infrastructure
Development
24-25 November, Hanoi, Vietham
www.geotechn.vn

Started from October 2011, the first international confer-
ence GEOTEC HANOI 2011 was excellently successful with
about 450 attendees from 24 countries. Among the confer-
ence highlights were the six keynote-lectures given by Prof.
Sven Hansbo (Sweden), Prof. Kenji Ishihara and Dr. Hiroshi
Yoshida (Japan), Prof. Harry G. Poulos (Australia), Prof.
Pieter A. Vermeer (Netherlands), Prof. Alain Guilloux
(France).

In November 2013, the second conference GEOTEC HANOI
2013 was held with great keynote lectures by Prof. Rolf
Katzenbach (Germany), Prof. Alain Guilloux (France), Prof.
Fumio Tatsuoka (Japan), Prof. Kenichi Soga (UK), and Prof.
Helmut Schweiger (Austria), and an honorary lecture given
by Prof. Sven Hansbo from Sweden. GEOTEC HANOI 2013
was an unforgettable event with 112 papers, 500 attendees
from 27 countries.

Continuing the success of the two previous events, GEOTEC
HANOI 2016 conference is organized by FECON Corporation,
the Vietnamese Society for Soil Mechanics and Geotech-
nical Engineering (VSSMGE), and the Japanese Geotechnical
Society (JGS), and will be held on 24th and 25th November
2016 at JW Marriott Hotel in Hanoi. At this conference the
keynote-lectures will be given by the five world leading ex-
perts: Prof. Bengt H. Fellenius from Canada, Prof. Chang-Yu
Ou from Taiwan, Prof. Buddhima Indraratna from Australia,
Prof. Kazuya Yasuhara from Japan and Dr. Jamie Standing
from the U.K.

Conference themes

Deep foundations

Underground construction & tunneling

Ground improvement for infrastructure projects
Coastal geotechnics for climate change
Monitoring, inspection and maintenance

Contact / Hotline: (+ 84) 94.959.5760
FECON Corporation
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15th Floor, CEO Tower, Lot HH2-1 Urban Me Tri Ha, Pham
Hung Street, Ward Me Tri, Nam Tu Liem District, Hanoi,
Vietham

Tel: (+ 84) 46.269.0481/82

Fax: (+ 84) 46.269.0484

Email: secretariat@geotechn.vn

Website: www.geotechn.vn
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International C()nf:‘.l'mu'::.: on
Forensic Geotechnical Engineering
December, 08 - 10, 2016, Satish Dhawan Auditorium, 11Sc Bengaluru, India
5th International Conference on
Forensic Geotechnical Engineering
8-10 December 2016, Bangalore, Karnataka, India
http://5icfge.com

The International Society for Soil Mechanics and Geotechni-
cal Engineering (ISSMGE) constituted a Technical Commit-
tee (TC) on Forensic Geotechnical Engineering (FGE) in
2005. During the first four years it was designated as TC40
and is now designated as TC302. This committee has con-
ducted four international seminars on FGE and is now orga-
nizing the fifth conference during December 8-10, 2016 at
Bengaluru, India. The theme of the event is “Forensic Geo-
technical Engineering”. Lessons learned from failures of
different types of geotechnical structures that can be at-
tributed to any one or more of the topics below can be high-
lighted. Manuscripts highlighting the failures due natural
hazards, lack of codal provisions, challenges in geoenviron-
mental engineering and rock engineering are welcome. Dur-
ing the conference, the following ten topics and their role in
Forensic Geotechnical Engineering will be discussed.

Forensic geotechnical engineering involves scientific, legalis-
tic investigations and deductions to detect the causes as
well as the process of distress in a structure, which are at-
tributed to geotechnical origin. Such a critical analysis will
provide answers to “what went wrong, when, where, why,
how, and by whom”. Cases of remedied installations, par-
ticularly those which, fall under public / or government
category, where the analysis and evaluation of adopted
remedial measures with regard to their effectiveness and
economy may be subjected to judicial scrutiny also, fall
under this purview. It also gives strong inputs to improve
designs. The normally adopted standard procedures of test-
ing, analysis, design and construction are not adequate for
the forensic analysis in majority of cases. The forensic in-
vestigations involve fresh field and laboratory tests apart
from collection of all available data. The test parameters
and design assumptions will have to be representative of
the actual conditions encountered at site. While the designs
are mostly stress based, the forensic analysis has to be
deformation based. The forensic geotechnical engineer (who
is different than the expert witness) has to be not only
thorough in his field of specialization, but also be familiar
with legal procedures. This seminar highlights the principles
of planning and executing a forensic investigation citing
case histories.

Themes of the Conference

Collection of Data

Distress Characterization
Development of Failure Hypothesis
Diagnostic Tests
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Back Analysis

Reliability Aspects

Technical Shortcomings

Legal Issues

Observation Method of Performance Evaluation
Case Histories

Contact

All Correspondence relating to the Symposium shall be sent
to

Dr. P Anbazhagan,

Organizing Secretary, 5ICFGE,

Department of Civil Engineering,

Indian Institute of Science, Bengaluru - 560 012. INDIA.
Email: Sicfge@gmail.com

Phone: +91-80 2293 2467, Fax: +91-80 2360 0404.
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International Symposium on Submerged Floating Tunnels
and Underwater Tunnel Structures (SUFTUS-2016), 16—18
December 2016, Chongqging, China, www.cmct.cn/suftus
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International Workshop . Advances in Laboratory Tesfing

18-20 January 2017, Villars, Switzerland : & Modelling of Soils and Shales

Under the ausplcss of the techical commiless 1C-101. 1C-104 1308 of Ihe Infernalienal Seclely
o 5o il rechntoal Eatenaari

http://atmss.epfl.ch

After the great success of the first edition of the Workshop
on “Advances in Multiphysical Testing of Soils and Shales”,
the Laboratory for Soil Mechanics (LMS) at the EPFL is glad
to announce the International Workshop on “Advances in
Laboratory Testing and Modelling of Soils and Shales”. The
International Workshop is a 2.5 days event promoting the
exchange of ideas, practices and state of the art among the
major experts active in the field of laboratory testing and
modelling of soils and shales. The workshop, located in the
wonderful landscape of the Swiss Alps, aims at stimulating
the debate on the most recent advances in experimental
and modelling geomechanics.

Flashback on the first edition of the Workshop on “Advances
in  Multiphysical testing of Soils and Shales:
http://amtss.epfl.ch

The proceedings of the workshop will be published by
Springer and indexed in Scopus and SpringerLink. The au-
thors of the most outstanding contributions will receive the
opportunity of publication in a special issue of the ELSEVIER
journal "GEOMECHANICS FOR ENERGY and the ENVIRON-
MENT".

The Workshop is organized under the auspices of the
ISSMGE Technical Committees:

e TC-101 — Laboratory Stress Strength Testing of Geo-
materials
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e TC-106 — Unsaturated Soils
e TC-308 — Energy Geotechnics

Workshop Topics

¢ Non-destructive soil testing

e Microstructural imaging techniques

e Advanced laboratory testing: developments in advanced
laboratory geotechnical testing, including apparatus,
techniques, data acquisition and interpretation

e Cyclic and dynamic loading

e Multiphysical testing

e Thermo-hydro-chemo-mechanical behaviour of soils and
shales

e Unsaturated soils

e Large scale experiments

e Constitutive modelling: prediction of the behaviour of
soils and shales, multiscale approach

e Case studies: application of advanced laboratory testing
in integrated site characterization studies, in ground
modeling

e Other relevant topics in the field.

For any question regarding the Workshop, please contact us

via e-mail: atmss@epfl.ch

ICNCGE-2017
International Conference on

New Challenges in Geotechncial Engineering
23 January 2017, Lahore, Pakistan
www.pges-pak.org/home/icncge-2017

The Pakistan Geotechnical Engineering Society (PGES) in
collaboration with the National University of Computer and
Emerging Sciences (FAST- NUCES) takes pleasure in an-
nouncing an International Conference on January 23, 2017
in Lahore, Pakistan.

The theme of the Conference is "NEW CHALLENGES IN GE-
OTECHNICAL ENGINEERING”. This broad theme has been
kept to attract a diversity of quality papers from around the
globe. The Conference will act as a platform for exchange of
technical ideas between Clients, Consultants, Contractors
and Manufacturers. Outstanding keynote lectures, presenta-
tions and technical discussions will afford opportunity to
explore the fast-growing new challenges in geotechnical
engineering.

The City of Lahore is the cultural, entertainment and food
capital of Pakistan. Lahore is the capital of the Province of
Punjab and also the hub of economic activities. Lahore of-
fers both historical and cultural attractions, including excep-
tional Mughal Architecture and many easily accessible cul-
tural tours. In addition, many mega projects have recently
been completed and some are underway, that give a new
look to Lahore. Whether delegates are attracted to world
class theatres, museums, cultural attractions, unique shop-
ping areas, exceptional restaurants or thematic neighbor-
hoods, Lahore’s diversity of features ensures there is some-
thing for everyone.

OBJECTIVE

This Conference will provide a great opportunity to the en-
gineers, geologists, seismologists and other professionals
engaged in the field of geotechnical engineering, foundation
design, construction and manufacturing, to share their ex-
pertise in the realm of Geotechnical Engineering. The Con-
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ference will help bring together the knowledge available in
this field, for future guidance.

MAIN THEMES

Papers to be presented at the Conference may be related to
any aspect of new challenges being faced in geotechnical
engineering. The Organizing Committee suggests the fol-
lowing main themes:

. Field Investigations/Testing

. Geomatics Techniques

. Laboratory Testing

. Analysis and Design

. Problematic Soils

. Ground Improvement

. Landslides Mitigation

. Conservation of Archeological Sites
. Deep Excavations

10. Hazard Zonification

11. Numerical Modeling

12. Geotechnical Construction

13. Performance and Monitoring

14. Environmental Geotechnical Engg.
15. Academia and Professional Practice
16. Case Histories

17. Any other relevant topic

OCONOTURA,WNE

All correspondence and inquiries related to the Conference
should be addressed to the Secretary, Conference Organiz-
ing Committee at the following address:

Engr. Syed Badar-Ul-Hussnain

Secretary Conference Organizing Committee

NESPAK House, 1-C, Block N, Model Town Lahore- Pakistan
Tel: +92-42-99090325, +92-300-4535188

Fax: +92-42-99231950

E-mail: icncge2017@gmail.com

Web: http://www.pges-pak.org

Facebook: https://web.facebook.com/groups/pges.pak
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AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 12 - 17 February 2017, Cape Town, South Africa,
WWW.Saimm.co.za/saimm-events/upcoming-events

AFRICA 2017 - Water Storage and Hydropower Develop-
ment for Africa, 14-16 March 2017, Marrakech, Morocco,
www.hydropower-dams.com/AFRICA-2017.php?c id=89
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5 International Conference on the Use of EPS
Geofoam Blocks in Construction Applications
22-24 May 2017, Istanbul, Turkey
www.geofoam2017.or
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On behalf of the organizing committee, I am pleased to
invite you to the 5% International Conference on Geo-
foam Blocks in Construction Applications (EPS’17)
which will be held in Istanbul, Turkey on May 22 - 24,
2017.

Geofoam researchers, consultants, molders, contractors and
practitioners from all around the world will be meeting in
Istanbul to discuss the recent developments and future
trends of the expanded polystyrene (EPS)-block geofoam
technology and its construction applications. EPS’17 will
continue to contribute to the development of the geofoam
applications after successful Oslo (1985), Tokyo (1996),
Salt Lake City (2001) and Oslo (2011) conferences.

We are honored to dedicate the proceedings of EPS'17 to
Mr. Tor Erik Frydenlund and Mr. Geir Refsdal who were the
pioneers of the development of geofoam technology. They
have implemented the use of geofoam as a lightweight fill
material in Norway and also involve in the dissemination of
the technology to other countries.

The conference program will be a combination of technical
papers and group discussions regarding the use, new devel-
opment and implementation of geofoam technology. The
conference theme will cover but not limited to the present
use of geofoam, design specifications, applications, new
concepts, material properties, modeling and special topics
of geofoam blocks in construction applications.

CONFERENCE THEMES
Dedication:

Papers about Tor Erik Freydlund and Geir Refsdal's achieve-
ments on the development of geofoam technology

Present use of Geofoam:

Reports by members of the International Organizing Com-
mittee on known applications, type of projects and volumes.

Expanded Polystyrene:

Chemical composition and production process
Index properties

Product control

Durability

Material properties and modeling:

Model studies
Dynamic properties
Fatigue

Design specifications:

International standards
National specifications
Seismic design

Construction applications:

Roads, Railroads and Airports
Buildings and Industrial plants
Landscaping

Settlement mitigation

Load reduction on buried culverts
Failures

New concepts and special topics:

Innovative use of Geofoam blocks
Avalanche protection

Disaster prevention - climate change
Re-use/recycling of Geofoam blocks

Organizing Secretariat
DEKON Congress & Tourism

Yildiz Posta Caddesi Akin Sitesi 1. Blok No:6 D:3
Gayrettepe, Sisli / Istanbul - TURKEY
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Telephone:+90 212 347 63 00

Fax: +90 212 347 63 63

E-mail: secretariat@geofoam2017.org
Visit www.dekon.com.tr for more information
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World Tunnel Congress 2017 Surface challenges - Under-
ground solutions, 9 to 16 June 2017, Bergen, Norway,
www.wtc2017.no

EUROCK 2017 Human Activity in Rock Masses, 13-15 June
2017, Ostrava, Czech Republic, www.eurock2017.com

BCRRA 2017 Tenth International Conference on the Bearing
Capacity of Roads, Railways and Airfields, 28th to 30th June
2017, Athens, Greece, www.bcrra2017.com

GeoMEast2017, 15 - 19 July 2017, Sharm El-Sheik, Egypt,
www.geomeast2017.org

3" International Conference on Performance-based Design
in Earthquake Geotechnical Engineering (PBD-III), July 16 -
19, 2017, Vancouver, Canada, http://pbdiiivancouver.com

19" International Conference on Soil Mechanics and Ge-
otechnical Engineering, 17 - 22 September 2017, Seoul,
Korea, www.icsmge2017.org
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GeoAfrica 2017

3rd African Regional Conference on Geosynthetics

9 - 13 October 2017, Morocco

O3 D

1 1 11" International Conference on Geosynthetics

11" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Coex, Seoul, Korea
csyoo@skku.edu

http://people-x.com/webmail/11ICG/m-e01.htm

(C- 4R -0)
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10th Asian Rock Mechanics Symposium -
ARMS10
October 2018, Singapore

Prof. Yingxin Zhou

Address:

1 Liang Seah Street

#02-11 Liang Seah Place
SINGAPORE 189022
Telephone: (+65) 637 65363
Fax: (+65) 627 35754
E-mail: zyingxin@dsta.gov.sg
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AFTES International Congress
"The value is Underground”
13-16 November 2017, Paris, France
www.aftes.asso.fr

AFTES, the French Tunnelling and Underground Space Asso-
ciation, is organising its 15th International Congress, to be
held at the Palais des Congrés convention centre, at Porte
Maillot, Paris, from 13 to 16 November 2017.

The congress with the general theme of «The value is un-
derground» (L'espace souterrain, notre richesse), will high-
light the latent value of underground space as a means of
developing our living spaces, especially if urban planning
harnesses it to establish a symbiosis between ground-level
and underground. It will also focus on the abundance of,
and the necessity of interweaving know-how and disciplines
that are crucial to providing those spaces with a sustainable
life.

This topic will be explored over the first three days, in con-
ferences focusing on the optimisation of projects and inno-
vation as from their design phase and through to their con-
struction and equipment with the aim of optimising the op-
eration of actual underground structures and the services
and companies they accommodate. The fourth day will be
dedicated to underground urban development and the ar-
chitecture of subsurface structures. A competition will also
be organised for architecture and engineering students on
the topic of «Underground, breathing space for the cities of
tomorrow» (Le sous-sol, la respiration des villes de
demain).

For the first three days, emphasis will also be placed on an
exhibition reserved for professionals, bringing together all
the players in the field, including project owners, develop-
ers, contractors, engineers, architects, urban planners, aca-
demics, builders, suppliers and operators. Local government
representatives will play an active part in this event, against
the backdrop of the launch of Grand Paris worksites which
will be visited. Strong delegations from outside France are
also expected, especially with the holding of the 2017 Tun-
neling Awards ceremony during the Congress.
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AFTES invites you to take part in this congress and to keep
up-to-date with information released about this event, in-
cluding notably details of its programme and logistics, on
the AFTES website. You are invited to back this event as a
sponsor or partner for the duration of the Congress in order
to promote and showcase your activities.

We look forward to seeing you and your colleagues at this
Congress which is your event.

TOPICS
Topic A

Developing underground space, value to be conquered and
harnessed

Demonstrating the relevance and usefulness of a project is
of paramount importance, especially when it involves devel-
oping underground spaces which call for major investments.
This topic is aimed at decision-makers and designers, who
are invited to explain their vision and solutions in the face
of the constraints and reticence they have to overcome:
integrating these structures into a complex environment,
the quality of constructions, pleasantness of underground
spaces created and project costeffectiveness. The following
sub-topics may be covered with reference to feasibility
studies, projects carried out and feedback:

- Intregrating transport infrastructure into urban settings

- Creating and offering high-quality, safe and sustainable
underground spaces providing innovative solutions to site
constraints

- Demonstrating the socioeconomic benefits of underground
construction

Topic B
Optimising projects, bringing out tomorrow’s value

This topic targets players in the design field who have the
job of proposing suitable solutions to the challenges of un-
derground construction. Project optimisation entails the
study of sites (geological surveys of sites and their vicinity),
design (optimisation of spaces and structures: excavation
methods, supports and linings) as well as contractual and
project management aspects. The specific question of over-
all cost is highlighted, as the vision of project owners should
go further than the initial construction phase. Optimisation
in keeping with a long-term vision also meets some sus-
tainable development requirements. The following sub-
topics may be covered:

- Planning projects while integrating surveys and environ-
ment-related constraints

- Optimising the design of spaces and structures

- Maximising opportunities and managing risks (risk man-
agement, insurances)

- Controlling costs with a long-term view: overall cost

Topic C
Capitalising the wealth of feedback and innovating

Contractors, urban planners, architects, project managers
and project owners are invited to share their experiences,
as regards their successes and also difficulties they have
encountered in constructing underground structures. Spe-
cial emphasis will be placed on innovative solutions. The
following topics may be covered:

- Specific challenges related to underground engineering
works on urban sites

- Innovative solutions for underground engineering works -
Feedback on underground cities worldwide

- Architects, urban planners and engineers tackling innova-
tion in the field of underground spaces

Topic D

Harnessing and preserving the value of underground herit-
age

Underground structures constitute an invaluable heritage.
They must be equipped with complex systems to ensure
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their safe and efficient operation. Players contributing to

their maintenance and operation are invited to discuss

strategies for their operation, servicing, renovation, moni-

toring and maintenance, as well as innovative solutions that

can be implemented to monitor, improve and preserve this

heritage.

- Equipping and operating underground cities

- Monitoring and maintaining underground structures

- Renovating structures and diversifying and developing
their uses

Contact

AFTES

15, rue de la Fontaine au Roi FR-75011 Paris France
Tel. +33 1 44 58 27 43

Fax +33 1 44 58 24 59

Email aftes@aftes.fr
Website www.aftes.asso.fr

WTC 2018
Dubai

World Tunnel Congress 2018
20-26 April 2018, Dubai, United Arab Emirates

EUROCK 2018
22-26 May 2018, Saint Petersburg, Russia

Contact Person: Prof. Vladimir Trushko
Address: 21-st line V.O., 2

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

Fax: +7 (812) 328 86 76

E-mail: trushko@spmi.ru
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16TH EUROPEAN CONFERENCE ON

e |
& EARTHQUAKE THESSAL®NIKI
m ENGINEERING 18 - 21 JUNE 2018

www.1l6ecee.org

To EAANVIKO TuRApa AvTIGEIOPIKAG MNnXavikng BpiokeTal otnv
guxapiotn 6€on va NANPo@opnoel Ta YEAN TOU avapopika Je
TNV avdAnyn Tng diopyavwong Tou 16°° Eupwnaikou Zuv-
€0piou AVTICEIOHIKNG MnXavikng nou 6a npayparonoin-
Bei oTnv EAAGDa kai €1dikdTEpa 0Tn O@€coalovikn katd To
didoTtnua 18-21 Iouviou 2018.

To ZuvEdpio auTO CUMNIATEN PE TN cupnAnpwon 40 xpovwv
and Tov ogiopd Tou 1978 nou €nAnge Tnv nepioxn Tng Oeo-
oalovikng kal anoTtéAeoe, pali Ye Toug osiopoug Tng KaAa-
paTag kai Twv ABnvav nou akoAouBnoav, TNV ageTnpia Tng
€EENIENG KAl oNUAvTIKOTATNG NPOOdOU TNG OEICUIKAG MNXaVi-
KNG 0TN X®pa Hag.

On behalf of the Hellenic Society of the European Associa-
tion for Earthquake Engineering and Aristotle University of
Thessaloniki, I have the great pleasure to invite you to the
16th European Conference on Earthquake Engineering
(16"™ECEE), to be organized in Thessaloniki, Greece be-
tween 18 and 21, June, 2018.

In the light of the previous successful conferences we have
committed ourselves to deliver a well-tailored and focused
event of the highest scientific and organizational standards
in a vibrant and friendly city renowned for its beauty, its
warm hospitality and history, spanning more than 2000
years.

We are working hard to organize the conference around a
breadth of state-of-the-art scientific topics. In Thessaloniki,
earthquake and geotechnical engineers, geologists and
seismologists from all over the world will find an excellent
forum to exchange ideas, share knowledge and discuss the
most recent advances in soil dynamics, structural earth-
quake and geotechnical engineering, up to the boundaries
of geology and engineering seismology. Distinguished Invit-
ed keynote lecturers will present recent and ongoing devel-
opments, addressing unresolved issues and projecting ideas
for the future. Workshops and round table discussions will
also be carefully organized on selected topics of particular
engineering and societal interest to broaden the horizons of
the earthquake engineering community and to reinforce
international cooperation links.

A varied and colorful schedule of activities will be made
available to participants and accompanying persons before,
during and after the conference to providing opportunities
to experience the great culture, high quality touristic service
and the magnificent natural beauty of Greece and Thessa-
loniki: a city where everything is within walking distance.
You will have the chance to savour the renowned Greek
hospitality, the pleasant weather and exquisite food, the
beautiful nearby beaches and mountains. In a place where
you find history around every corner, the unique archaeo-
logical sites and cultural events will certainly give you the
opportunity to combine professional interests with a taste of
the Greek way of life.

We are sure that you will find participation in 16™ ECEE pro-
fessionally rewarding, scientifically stimulating and per-
sonally enjoyable. We look forward to welcoming you to
Thessaloniki in June 2018.

Kyriazis Pitilakis
Chairman of 16""ECEE

The purpose of the Conference is to provide the perfect
platform to present and discuss the recent progress in
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Earthquake Engineering along with priority issues of global
importance in seismic risk reduction, preparedness and
management.

Topics

e Seismic Hazard, Engineering Seismology and Strong
Ground Motion

Soil Dynamics

Site Effects and Microzonation Studies
Geotechnical Earthquake Engineering
Soil-Foundation-Structure Interaction
Performance-Based Design of Structures

Laboratory, In-Situ Testing and Structural Health Moni-
toring of Structures

e large Scale Facilities for Earthquake Engineering pur-
poses

e Seismic Design and Analysis of Reinforced Concrete
Buildings

Seismic Design and Analysis of Steel Structures

Seismic Design and Analysis of Masonry Buildings
Seismic Design and Analysis of Bridges

Seismic Design and Analysis of Special Structures
Seismic Retrofit and Strengthening of Structures

Tsunamis and Risk Assessment of Structures and Infra-
structures

e Seismic Performance and Retrofit of Historical Monu-
ments

Active and Passive Structural Control Systems
Lifeline Earthquake Engineering

e Risk Assessment of Critical Buildings, Infrastructures,
Utility Systems and Industrial Facilities

e Economic and Societal Models for Earthquake Loss As-
sessment and Mitigation

e Civil Protection and Earthquake Risk Mitigation Policies
and Methodologies

Eurocode 8 and Seismic Design Codes
Lessons from Recent Earthquakes

e New Generation, Performance and Resilience Based De-
sign of Structures and Systems

CONTACT

For any further questions regarding the 16™ECEE please
contact.

SYMVOLI CONFERENCE & CULTURAL MANAGEMENT

Email: 16ECEE@symvoli.gr

T. +30 2310 433099 | F. +30 2310 433599

4th International Symposium on
Cone Penetration Testing
21-22 June 2018, Delft, Netherlands
www.cpti8.org

Technical Committee TC102 of the International Society for
Soil Mechanics and Geotechnical Engineering (ISSMGE) and
Delft University of Technology are pleased to announce
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the 4™ International Symposium on Cone Penetration Test-
ing, CPT'18. CPT'18 will be held on 21 and 22 June 2018, in
Delft, the Netherlands, following the previous successful
symposia in Linkoping, Sweden (1995), Huntington Beach,
California (2010) and Las Vegas, Nevada (2014).

CPT’18 will focus on the solution of geotechnical challenges
using the cone penetration test CPT, CPT add-on measure-
ments and companion in-situ penetration tools (such as full
flow and free fall penetrometers), with particular emphasis
on practical experience and application of research findings.
As CPTs play a major role in geo-engineering, CPT'18 will
bring together the world’s experts who are working to im-
prove the quality and reduce the difficulties involved. The
symposium will be attended by academics, researchers,
consultants, practitioners, hardware/software suppliers,
certifiers and students. It will be a unique opportunity for
meeting people and sharing high-level knowledge.

The main themes of CPT’18 are:

1. Equipment, Testing and Procedures

Aspects regarding equipment, testing and procedures -
including both well-established and novel equipment.

2. Interpretation of Test Results

Aspects of interpretation, from theoretical to empirical,
including case histories and numerical simulation.

3. Solution of Practical Problems

Application of test results, including onshore/offshore
geohazards, foundations, embankments, slopes, tailing
dams, geo-environmental and seismic design

The symposium venue at Delft University of Technology is
only a short walk away from the lovely city centre of Delft,
which is one of the main touristic attractions in the Nether-
lands. Participants are warmly recommended to extend
their stay and bring families and friends.

Contact
TU DELFT

Faculty of Civil Engineering and Geosciences
Section of Geo-Engineering

Building 23

Stevinweg 1 / PO-box 5048

2628 CN Delft / 2600 GA Delft

Phone: +31 15 27 82844

General info: Info@cptl8.org

Questions on registration: Registration@cpt18.org
Questions on abstracts/papers: Papers@cpt18.org

O3 D

UNSAT2018 The 7 International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,
www.unsat2018.0rg

O3 D
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11th International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul, South Korea
csyoo@skku.edu

O3 D

ARMS10
10th Asian Rock Mechanics Symposium
ISRM Regional Symposium
October 2018, Singapore

Contact Person: Prof. Yingxin Zhou
Address: 1 Liang Seah Street
#02-11 Liang Seah Place
SINGAPORE 189022

Telephone: (+65) 637 65363

Fax: (+65) 627 35754

E-mail: zyingxin@dsta.gov.sg

L i
14th ISRM International Congress
2019, Foz de Iguacgu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b

O3 D

ISDCG 2019
7th International Symposium on
Deformation Characteristics of Geomaterials
26-28 June 2019, Strathclyde, Scotland, UK,

Organizer: TC101
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The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
1%t - 6" September 2019, Reykjavik Iceland
www.ecsmge-2019.com

The theme of the conference embraces all aspects of geo-
technical engineering. Geotechnical engineering is the
foundation of current as well as future societies, which both
rely on complex civil engineering infrastructures, and call
for mitigation of potential geodangers posing threat to the-
se. Geotechnical means and solutions are required to en-
sure infrastructure safety and sustainable development.
Those means are rooted in past experiences enhanced by
research and technology of today.

At great events such as the European Geotechnical Confer-
ence we should: Spread our knowledge and experience to
our colleagues; Introduce innovations, research and devel-
opment of techniques and equipment; Report on successful
geotechnical constructions and application of geotechnical
design methods, as well as, on mitigation and assessment
of geohazards and more.

Such events also provide an opportunity to draw the atten-
tion of others outside the field of geotechnical engineering
to the importance of what we are doing, particularly to
those who, directly or indirectly, rely on our services,
knowledge and experience. Investment in quality geotech-
nical work is required for successful and safe design, con-
struction and operation of any infrastructure. Geotechnical
engineering is the key to a safe and sustainable infrastruc-
ture and of importance for the society, economy and the
environment. This must be emphasized and reported upon.
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GEER responds to the 2015 Kfarnabrakh rock-
slide

GEER responds to the 2015 Kfarnabrakh rockslide,
based on the message by Professor Chadi El Mohtar.

Dear Geotech Colleagues,

During the early hours of November 30th, 2015, the moun-
tain town of Kfarnabrakh experienced a major land-slide at
one of the town’s rock cliffs. Kfarnabrakh is 1,150 meters
above the sea level, 45 km south-east of Beirut, and about
30 km away from the Mediterranean seacoast. The landslide
was well documented with multiple cellphone vid-eos cap-
tured by the local residents (check link at the end of this
email) that were later used to finalize the failure mech-
anism. The rock cliffs are located at the north-northeast
edge of the village with houses constructed within few me-
ters of the cliff edges. Seventeen houses were evacuated
and the families were provided temporary housing until the
stability and safety of the sliding zone is assessed.

In response to this extreme event, a recon team sponsored
by the NSF-sponsored Geotechnical Extreme Events Recon-
naissance (GEER) Association and the Lebanese National
Council for Scientific Research (NCSR-L) authorities, had
multiple visits to the location of the landslide and collected
information from the local residents on the events of the
day of the failure. In addition, the team explored the area
and checked for possible locations of future breakoffs. A
drone was used for aerial photography acquisition and a
Digital Surface Model was generated for the area of inter-
est. Geologic and hydrogeological maps of the area were
used to help understand the cause of failure. Rainfall and
seismic records didn’t show any major events in the days
leading to the failure. The failure occurred in the C3 for-
mation, a highly jointed chalky limestone. The C3 formation
has an embedded thin layer (about 0.3-0.5m thick) of high
plasticity Blue Marl clay located 20-25 m. from the top of
the formation.

The GEER report is available at:
http://www.geerassociation.org/component/geer reports/?
view=geerreports&id=74&layout=default

The YouTube video of the landslide occurring can be seen at
https://www.youtube.com/watch?v=1gTtrICtT-
A&feature=youtu.be

TA NEA THZ EEEEI'M - Ap. 88 - MAPTIOZ 2016

A YouTube video of the area generated from the drone im-
ages can be seen at:
https://www.youtube.com/watch?v=MPZiwozwMOs

We invite you all to take a look. Chadi El Mohtar, Grace
Abou-Jaoude, Chadi Abdallah and Jacques Harb.

The news item is based on the message by Professor Chadi
El Mohtar

(Geoengineer, Monday, 28 March 2016,
http://www.geoengineer.org/news-center/news/item/1380)

3 O

Airport Runway Redesign with Geosynthetic Re-
inforcement

In 2015, the 10-28 runway at Guadalajara International
Airport in Mexico began to exhibit signs of stress fracture
due to the high shear stresses placed upon it by air traffic.
Runway repair was needed, but the client needed an effi-
cient solution to minimize downtime. A long-term geo-
synthetic reinforcement and pavement rehabilitation solu-
tion was implemented.

Guadalajara is Mexico’s second-largest city, and Miguel Hi-
dalgo y Costilla Guadalajara International Airport is the se-
condest-largest cargo airport and third-busiest passenger
airport in the country.

Opened in 1966, it is located 16km south of the city centre
and is composed of two runways and one terminal. The site
serves as a major connection airport. It hosts hubs for
Aeroméxico and Volaris, which make it a primary gateway
to the United States.

When the stress fraction issue was detected in the runway,
the client Constructora y Pavimentadora Vise sought an
immediate solution to ensure safe operations for aircraft
manoeuvring.

Maccaferri de Mexico were approached to propose a suitable
pavement rehabilitation solution.

Among the factors that needed to be considered included
the loss of operational revenue, cost of repair or replace-
ment, and liability of aircraft damage due to the poor or
failing pavement.

The geosynthetic reinforcement solution proposed involved
resurfacing the existing runway with the introduction of an
asphalt interlayer reinforcement grid, MacGrid® AR. The
interlayer product relieves stress concentrations in the as-
phalt matrix. Stress is redistributed and absorbed into the
reinforcing geogrid.
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Without a stress-relieving interlayer, cracks within the sub-
base can quickly reflect back up into the new resurfacing
layer, compromising it and reducing the anticipated service
life. This reflective cracking phenomenon is countered by an
asphalt reinforcing geogrid with high tensile strength and
low elongation.

The existing pavement was milled and cleaned to remove
surface irregularities before the 100kN and 200kN
MacGrid® AR products were deployed. These were lightly
rolled using appropriate equipment, before an 8 cm dense
asphalt layer was placed and compacted onto it. Afterwards,
a thin SMA wearing course was applied.

H Kiva kaTtéxel avapgifBoAa To npoBadioua oTtnv «koupaoa»
TOU KATAOKEUAOTIKOU TOMEQ, «ONKWVOVTAGK OUPAVOEUOTEG,
oniTia, akopa kal oAOKANPEG NOAeIC pe TaxUTNTa MouU EVTU-
Nwoldlel Tov KOO0 OAO.

'Onwg @aiveral ol Kivéfol yivovtal oAogva Kal nio epeUPETI-
Kol OTOV TOMEd AUTO, KATAOKEUAZoVTAG TWPA £va NEVTACGTEPO
Eevodoxeio pHEoa o eykaTaleAEIdPEVO AaToEio.

The geogrid solution is made from glass fibres coated in an
elastomeric polymer, designed to protect the glass fibre
strands during paving and to maintain cohesion with the
bitumen.

The newly reinforced pavement is now able to absorb the
tensile stresses caused by air traffic, mitigate rutting and
increase fatigue life. The result is that the operational integ-
rity of the airfield pavement is restored and a safe passage
provided for all those who use it.

This technique enabled a reduction in the thickness of con-
struction materials needed to maintain performance and
fatigue life; not only a cost saving, but a reduction in the
carbon-footprint of the solution.

(Chris Kelsey /geosynthetica.net, April 7, 2016,
http://www.geosynthetica.net/airport-runway-redesign-
geogrid-reinforcement)

O3 D

To nevraoTrepo §evodoxeio nou XTieTal HEoa O€
Aatopeio
Oa £xe1 5U0 UNEPYEIOUG OPOPOUG Kdl... 17 unoyeloug
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O1 epyaocieg BpiokovTal o €EENIEN yia TNV aveyepaon Tou &e-
vodoxeiou InterContinental Shimao oTo Bouvd Tianmenshan
oTa avaToAika.

To ouykpoTnua Twv 430 ekaToppupinv eupw oxediaoe n
BpeTavikn eTaipeia Atkins kai 8a d1abétel 370 dwuaTia og 19
0pOPoUC. ANeuBUVETalI NPOPAVWG OTNV KIVETIKN EAIT.

Mdvo dUo and Toug opogoug Ba eival navw anod Tnv eni@ea-
VEIQ TNG YnG, ol unoAoinol 17 Ba eival unoyeiol. O1 dUo Te-
AeuTaiol Ba €ival kGtw anod To vepo kal Ba diaBETouv evu-
dpeio, eoTiaTOPIO Kal XWPOUG PIAoEeviag.

}’ \
L

To Eevodoxeio Ba £xel eniong niciva kal Xwpo acknong, mMoA-
AQ €0TIATOPIA KAl GUVEDPIAKOUG XWPOUG.

H Atkins oxediaoe To Eevodoxeio Pe oTOXO N KATAOKEUN va
EVOWUATMVETAl OTOV MEPIBAAAOVTA XWPO HE OIKOAOYIKN
«npacivn» TapdaToa onou 6a puTEUTOUV NOAAG dEvTpa.

H kataokeun avapéveral va oAokAnpwbei To 2017 kai n dia-
dovn 6a koaTilel anod 250 supw Tn Bpadid.

(newsbeast, 07.04.2016,
http://www.newsbeast.gr/travel/arthro/2195827/to-

pentastero-xenodochio-pou-chtizete-mesa-se-latomio)

Future tracks: A tale of two technologies

This week I had the pleasure of attending two very
different media events, showcasing two very different
technologies. One will help transform London and the
South East, while the other has implications for the
entire planet. Both of them are promising big things
for the future.

On Wednesday, I descended the depths of Crossrail’s Fisher
Street shaft to get a glimpse of how the project’s central
section is progressing. The Fisher Street site - located two
minutes from Holborn Tube station - is Crossrail’s floating
track slab (FTS) construction hub. FTS will be laid at two
key points beneath the capital to minimise noise and vibra-
tion; at Barbican, to protect the theatre from disturbance;
and at Soho, where recording studios and arts venues will
be insulated from the 30 passing trains per hour.

Having visited Crossrail’s Farringdon site last year, I already
had a good idea of the scale of the tunnels. But the project
has progressed a great deal since the 26 miles of twin-bore
shafts were completed in May 2015, and is now at a stage
where one can see the finished article slowly emerging.
Tunnels and stations are in the process of being fitted out
with all the necessary infrastructure and systems required
for the Elizabeth line to begin operating in December 2018.
This includes track, ventilation, high-voltage power, signal-
ling, communications and overhead line equipment.

The Fisher Street ventilation shaft

According to the Crossrail overlords, the project is now over
70 per cent complete. More than 10km of track has been
laid beneath South East London, with work from the east
now approaching my local area of Stepney Green. In the
west, track installation started in March and is moving to-
wards the new Paddington and Bond Street stations. All
track work is due to be finished in 2017.

Over 10km of track has already been laid

Our visit brought us through the tunnels from Fisher Street
towards Soho, past the recently constructed westbound
Tottenham Court Road platform. While there’s clearly still
plenty of work to be done, it was also surprisingly thrilling
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to see a key element of the Crossrail network begin to take
shape. Tottenham Court Road is where Crossrail 2 will
eventually intersect with the first line, and it’s fascinating to
envisage what the station will look like — both above and
below ground - in 20 years time when both lines are opera-
tional. I recently spoke with Crossrail 2 chief Michele Dix
about that project’s evolution, and the interview will appear
in the forthcoming issue of The Engineer.

Earlier in the week I visited Imperial College London to
learn about a slightly less extravagant, but no less impres-
sive, technology project. Imperial is the UK home of Indian
company Carbon Clean Solutions Limited (CCSL), which has
developed a new patented solvent that it claims could
transform the carbon capture industry.

The platform at Tottenham Court Road station is beginning
to take shape

Carbon capture and storage (CCS) has not had a good time
in the UK of late, with Drax pulling out of the White Rose
project last September, and the government scrapping its
£1bn funding for CCS two months later. Decarbonisation is
a vital long-term goal, but immediate investment in CCS
will be crucial to remain on track for limiting global temper-
ature rises to 2°C. This week Myles Allen, a professor of
climate dynamics at Oxford University, outlined how CCS is
a necessary “backstop” and the only way to bring net car-
bon emissions down to zero.

b=l

Imperial’s working carbon capture test plant

But up until now carbon disposal has been seen as uneco-
nomical, with large amounts of energy required to separate
CO2 from the solvents used to capture it. Current CO2 cap-
ture costs around $60 per tonne. However, CCSL claims its
APBS solvent could help drive this down to as little as $10 a
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tonne by 2018, making commercial CCS a real possibility.
In November last year it began a test programme at Tech-
nology Centre Mongstad in Norway, the world’s largest CO2
capture demonstration plant. CCSL says its solvent provided
a 20 per cent reduction in energy costs, with eight times
less solvent lost in the process and a seven times reduction
in corrosion to the capture plant equipment.

CCSL says its product is 20 per cent more energy efficient
than current solvents

The company is working with power and utilities operators
in other countries, but CEO Aniruddha Sharma said that
conversations in the UK have so far been with industrial
players. For heavy industry such as cement and steel, car-
bon capture is the only path to cutting emissions, and
CCSL's technology could help the sector avoid costly carbon
taxes in the future. For now, it seems, this is an investment
that the government appears reluctant to make. With
Crossrail coming in at just under £15bn - and Crossrail 2
expected to cost double that - the £1bn recently axed from
CCS development looks like short-sighted penny-pinching
that could have far-reaching consequences.

(Andrew Wade / theengineer, 8th April 2016,
http://www.theengineer.co.uk/future-tracks-a-tale-of-two-

technologies/?cmpid=tenews 2191669)

3 O

VIDEO: Rockfall Protection Wall in Val d’'Isére

Last year Geosynthetica profiled NAUE’s rockfall protection
wall design in Val d'Isére, a renowned winter sports region
in Southeastern France. Now, the company has released
video of the construction and finished work
(https://www.youtube.com/watch?v=2zG3s2htluk).

The geosynthetic reinforcement project enabled the Val d’
Isére area, situated at 1800m above sea level, to host
World Cup skiing this past winter.

The Val d'Isére Project

The lower 5m of the construction includes angles up to 79°.
Four grades of geogrids were used to meet the reinforce-
ment requirements of the differently angled sections.

The upper 7m of the wall is set at 45° (1:1). The NAUE
m? system, diagrammed here, is designed for landslide pro-
tection and slope stability up to 50°, making it an efficient
choice for the top section of the construction
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Permanent shuttering made of galvanized steel mesh was
used over the total facing.

The upper part of the wall, with a height of up to 7m, was
executed as a steep slope with an inclination of 45° (1:1).
The NAUE m? system ensured the stability of this steep
slope through utilization of Secugrid® layers at a vertical
spacing of 660mm. The vegetated surface was protected
using erosion-protection mats.

Four different grades of NAUE Secugrid® were installed in
Val d'Isére: Secugrid® 200/40 R6, Secugrid® 150/40 R6,
Secugrid® 80/20 R6, and Secugrid® 40/20 R6.

(Chris Kelsey / geosynthetica.net, April 20, 2016,
http://www.geosynthetica.net/video-rockfall-protection-
wall-france)

For the district of La Daille, boulders had increasingly bro-
ken away from the mountainside and rolled or plunged di-
rectly onto the RD 902 main road. These geohazards occa-
sionally fell with enough energy to reach buildings in the
village. The existing rockfall-protection strategies needed to
be updated.

The particular challenge was to build a strong rockfall pro-
tection wall as high as possible within the limited roadside
space. A steep structure was required, and it had to meet
the aesthetic requirements of the resort area. The struc-
ture also needed to utilize local soils (ecological and eco-
nomical benefits).

The design calculations and the execution plans for the en-
tire construction project (with a length of 150m) were
drawn up by the consultants BBG Bauberatung Geokunst-
stoffe, Germany.

NAUE reinforcement geosynthetics were specified.
Constructing the Rockfall Protection Wall

The uphill face of the structure was given a slope angle of
65° and a maximum height of 7m. The slope facing was
constructed using tires, which provided robustness against

rockfall impact. Secugrid® geogrids were installed every
second layer of tires, with a vertical spacing of 660mm.

p i fad el LR

On the face adjacent to the road, the wall was built to ap-
proximately 12m at its highest. The lower 5m of the struc-
ture was sloped at approximately 79°. Here, Secugrid®
geogrids were laid with a vertical spacing of 680mm. The
facing element consisted of two layers.

The geogrids were wrapped around and a filter nonwoven
was incorporated to prevent soil erosion. In front of this,
an approximately 300mm-thick stacked rock facing gave
the structure the aesthetic finish the site owners requested.
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AERIAL SURVEY
Dramatic drone footage of earthquake damage
on Japan’s Kyushu island

An earthquake-caused landslide in the town of Minamiaso,
in the Kumamoto prefecture of southern Japan

In the past five days, a pair of powerful earthquakes and
hundreds of aftershocks have rippled through Japan’s Kyu-
shu island. The first one struck on Thursday night, followed
by another on Saturday morning, with magnitudes of 6.2
and 7.0, respectively. Many of the aftershocks—over a hun-
dred—have been strong enough to damage buildings on
their own.

Kyushu Island

To survey the situation, the Geospatial Information Authori-
ty of Japan deployed drones over the affected area, in part
because roads and rail lines have been wiped out. It al-
so shared some of the footage to help rescue efforts.

The most dramatic video shows the destructive force of an
earthquake-caused landslide near the mountain town of
Minamiaso. In it a massive column of soil and rock has
wiped out a stretch of road and rail track, along with a
bridge (start at the 5:15 mark to best see the damage to
transportation infrastructure):
https://www.youtube.com/watch?v=C52Nig2jNdI

The rail line connects Kumamoto Station with Oita Station,

and fixing it—along with the road and bridge—will obviously
take a great deal of work. Bullet trains and other types of
rail service, as well as flights, have been suspended in the
area.

Another video patiently traces a peripheral fault line as it
indiscriminately cuts through farmland, cliffs, and roads:
https://www.youtube.com/watch?v=DXTAAvVVB2M8

More than 40 people were killed, hundreds injured, and
many thousands evacuated to shelters. Authorities have
instructed more than a quarter million people to leave their
homes for fear of further quakes, as some 30,000 rescue
workers look for survivors trapped under collapsed homes
and landslides.

Major Japanese companies reported manufacturing stop-
pages, among them Sony, Honda, and Toyota. Ironically,
many companies set up factories in Kyushu island’s Kuma-
moto prefecture because it's usually less prone to earth-
quakes (paywall).

The quakes were the most powerful to hit Japan since a
huge one (magnitude 9.0) struck in 2011, killing thousands
and causing a tsunami that triggered a third crisis at the
Fukushima nuclear plant.

http://gz.com/663944/dramatic-drone-footage-of-
earthquake-damage-on-japans-kyushu-island

O3 D

Visualization of Oklahoma's Induced Earth-
quakes

As many of us earth and atmospheric scientists already
know, seismic activity in Oklahoma has increased dramati-
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cally since 2009. This increase in earthquakes seems to be
common knowledge. However, I was curious about some of
the specific details and statistics surrounding this new phe-
nomenon. According to the Oklahoma Geological Survey, or
OGS, the northwest and central part of the state, which has
historically had a low rate of seismic activity, has seen
seismic activity rates jump by nearly 600% between the
years 2009 - 2016 compared to the rate of activity from
2007 and earlier. I recently attended to the 22" Annual 3D
Seismic Symposium in Denver, CO, where the director of
the OGS, Dr. Jeremy Boak, gave a presentation about the
seismology of induced, or human caused, earthquakes in
Oklahoma and how this new trend was effecting the state.

Earthquake events in Oklahoma from 2009 - present
mapped in Surfer color-coded by year.

Over the past several years there has been discussion about
the cause of the increase of the earthquake events, where
most individuals seem to speculate that the events in Okla-
homa have been caused by induced seismic activities asso-
ciated with oil and gas exploration, namely fracking. Ac-
cording to Dr. Boak, many of the plays in central and
northwest Oklahoma are deep carbonite plays that require
horizontal drilling and use brine injections to increase
productivity pressure. These two factors create a large
amount of waste water when the oil solids are separated
from the brine. The waste water has been typically disposed
of deep in the strata via injection wells for permanent stor-
age, mainly in the Arbuckle geological formation. During
the presentation, Dr. Boak sites a study done by the OGS
where the OGS officially acknowledged the connection be-
tween “substantially increased disposal of waste water in
the Arbuckle foundation and a ~600-fold increase in the
number of earthquakes of magnitude > 3.0.”

Of most interest to me, personally, in Dr. Boak’s discussion
was not the structure where the waste water was being
disposed of or how the waste water disposal and the seis-
mic events are related to oil and gas production, but simply
the sheer numbers of earthquake events alone across the
state since 2009. The number of seismic events is stagger-
ing. During the presentation, Dr. Boak showed a time series
map of the earthquake events in a 2 dimensional, top-down
orientated animation. As a GIS enthusiast, seeing the ani-
mation made me naturally think “how could I visualize the
quake data from this time period in Oklahoma using Golden
Software applications?”

Dr. Boak mentioned a location on one of the OGS servers
that contains all of the most recent earthquake event data
that is downloadable, which can be found at
http://www.ou.edu/content/ogs/research/earthquakes/catal
ogs.html. The earthquake catalog data, which was going to
be a good source for my mapping project, contains a num-
ber of different attributes including the latitude and longi-
tude of each seismic event, the depth, the date, and the
magnitude of each event. This would prove to be all of the
information I needed to create the visualization.

To approach the mapping project, I downloaded the earth-
quake catalogs in CSV format from the OGS site. In Surfer,
our contouring, gridding, and surface mapping software, I
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decided to create a post map layer for each of the year’s
earthquake events and overlay them on US boundary files
from the Golden Software website that contain the state
and county boundaries. I then used the proportional sizing
method in Surfer to make the earthquake events’ point size
based on the magnitude of each event. This resulted in the
image above, which seems a little cluttered due to the vol-
ume of events. I wanted to generate some comparative
maps that show each year’s seismic events individually, so I
created a new Surfer project that contains 8 different map
frames, one for each year. I applied the same proportional
symbology to each map frame and used the same base map
layers to generate the figure below. As you can clearly see,
the volume of events has been greatly increasing since
2009.

Earthquake events in Oklahoma from 2009 - present
mapped in Surfer by year for comparison.

For the final portion of the mapping project, I wanted to
incorporate the depth of these events by generating a 3D
visualization of the earthquakes in Oklahoma. I used Voxler,
our 3D modeling software, to visualize the data in true 3D
space by creating a classed ScatterPlot where I based the
size of each 3D sphere on the magnitude of the event. The
earthquake events ranged from the surface to ~15 km
deep. In the image below, you can see the most previous 8
years’ worth of seismic event data together, creating a very
clustered and stunning look at these events.

Earthquake events in Oklahoma from 2009 - present visual-
ized in 3D using Voxler color-coded by year.
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Take a look at these easy to use mapping and visualization
applications for your next mapping project!

(Andrew Dudley / GOLDEN SOFTWARE, Newsletter
DATAPOINTS Issue #82 April 2016,
http://www.goldensoftware.com/blog/visualization-of-
oklahoma-s-induced-

earth-

quakes?utm source=Q2 2016&utm medium=Email&utm c
ontent=0Kearthquakes&utm campaign=Newsletter)
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Imperial engineer recognised by American
Academy

Imperial researcher John Burland, who helped to sta-
bilise the Leaning Tower of Pisa, has been elected to
the US National Academy of Engineering.

Emeritus Professor John Burland, from Imperial’s Depart-
ment of Civil and Environmental Engineering, has been
elected as a Foreign Member. Election to the Academy is
among the highest professional distinctions accorded to an
engineer. Professor Burland was only one of 22 Foreign
Members and the only UK engineer to be elected this year.

Professor Burland said: “I only just heard about the news so
I am still recovering my composure. At present I feel
stunned, surprised and elated! I know that extremely high
standards are demanded of individuals for Foreign Member-
ship of the Academy, so this recognition means a great deal
to me. Imperial must take the credit for this honour and it
is yet another indicator of what a fabulous place this is. I
plan to celebrate with the department and I'll also have a
family celebration as well, but I know they will make sure
that I don’t get too big-headed.”

Professor Burland’s research focuses on engineering chal-
lenges related to the interaction between the ground and
structures made of masonry. He is responsible for the de-
sign of many large engineering projects such as the under-
ground car park at the Palace of Westminster and the foun-
dations of the Queen Elizabeth II Conference Centre.

Professor Burland was also a member of the Italian Prime
Minister's Commission for stabilising the Leaning Tower of
Pisa from 1990 to 2002. In addition, he was a member of
the international board of consultants that advised on the
stabilisation of the Metropolitan Cathedral of Mexico City
from 1992 to 1998.

Professor Burland was also London Underground's expert
witness for the Parliamentary Select Committees on the
Jubilee Line Extension and has advised on many geotech-
nical aspects of that project, including ensuring the stability
of the Big Ben Clock Tower.

Professor Burland will attend a ceremony in Washington on
9 October 2016 where he will be formally inducted as a For-
eign Member of the National Academy of Engineering.

http://www3.imperial.ac.uk/newsandeventspggrp/imperialc
ollege/newssummary/news 10-2-2016-9-12-41

3 O

Dubai Plans Earth's Tallest Skyscraper, Inspired
by the Hanging Gardens of Babylon

Aside from a few ancient texts, there’s no conclusive proof
the Hanging Gardens of Babylon (one of the seven wonders
of the ancient world), actually existed. Still, Emaar Proper-
ties is building on this mythical “tall tale” as it transforms
Dubai’s skyline with the world’s tallest skyscraper—again.

The Tower, viewed from Dubai Creek Harbour

Emaar, the government-backed developer of the 2,717-
foot-high Burj Khalifa (currently the world’s tallest building),
unveiled plans to construct “The Tower,” an even taller Du-
bai skyscraper whose upper observation decks represent
the ancient Hanging Gardens—rumored to have been
among the supreme engineering marvels of its time (circa
600 BC). This 8th wonder of the world, scheduled for com-
pletion by 2018, will be a centerpiece of the vast Dubai
Creek Harbour project and the city’s 2020 World Expo.

Designed by Spanish-Swiss neo-futurist architect Santiago
Calatrava Valls, the $1 billion glimmering skyscraper will
boast at least 20-mixed use floors, a boutique hotel, pano-
ramic restaurants, a “Pinnacle Room” with 360-degree
views, VIP observation garden decks that recreate the
Hanging Gardens, and rotating balconies that literally ex-
tend outside the building. The super-scraper’s overall de-
sign is influenced by a lily flower and minarets, distinctive
features of Islamic culture and architecture, particularly on
mosques.
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The super-scraper will be designed with gardens and sus-
tainable features.

% gl

The Tower’s upper observation decks are modeled after the
Hanging Gardens of Babylon, one of the seven wonders of
the ancient world.

Emaar Properties is redeveloping old Dubai with Dubai Har-
bour Creek, a community of luxury residences, trendy ho-
tels, galleries, stores, a marina boardwalk, and The Tower.

“This project envisages an artistic achievement in itself,
inspired by the idea of welcoming people, not only from Du-
bai and the UAE, but from the entire world,” said Calatrava,
who also designed the new World Trade Centre Transporta-
tion Hub in New York, Calgary Peace Bridge and the Olym-

pic Sports Complex in Athens. “It is a symbol of an abiding
belief in progress.”

The project has the seal of approval from Sheikh Moham-
med bin Rashid Al Maktoum, the United Arab Emirates’ vice
president, prime minister and ruler of Dubai. The skyscrap-
er features a super-slim profile with a floating oval-shaped
bud ascending to the top observation areas which will be
highlighted as a light beacon at night. Even the structural
core and tension cables disguised as the delicate veins of
lily leaves (which anchor the building to the ground) will
showcase dynamic lighting—including kinetic lighting ef-
fects.

The Tower will top the apex of Dubai’s Burj Khalifa (current-
ly the world’s tallest skyscraper, in the background). Its
observation decks will be illuminated as a night beacon.

Structural core and tension cables disguised as delicate rib-
bing of lily leaves anchor the building to the ground.

The Tower complex will integrate sustainability features,
including green corridors and an environment-friendly tram
service that connects pedestrians to various plaza access
points and Dubai Creek Harbour, a 2.3-square mile water-
front development (located near the airport and a renowned
wildlife sanctuary) that's two times the size of downtown
Dubai.
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The Tower is expected to cost approximately $1 billion. It's
scheduled to be completed by 2018.

This planned redevelopment of “old Dubai” boasts Emaar-
built high-end residences—Dubai Creek Residences,
Creekside 18, and most recently, Harbour Views homes in
The Island District, a vibrant young neighborhood. Dubai
Creek Harbour also comprises a nearby marina, yacht club,
event spaces, galleries, retail stores, the trendy Vida hotel,
and a 2.8-mile Creek Boardwalk that envelopes The Island
District. All areas will boast impressive views of future The
Tower.

There’s no official word on The Tower’s final height but it
will have stiff competition in the race to the clouds. The
Tower’s stratospheric apex will compete with its sibling Burj
Khalifa (829 meters tall); Saudi Arabia’s Jeddah Tower (un-
der construction at 1,008 meters); Iraq’s proposed tower
“The Bride” (1,152 meters tall); “The Mile,” an unattached
conceptual green observation deck park (1,609 meters);
and Tokyo’s proposed Sky Mile Tower (1,699 meters)
scheduled for completion in 2045.

(Keith Flamer / Forbes, Apr. 12, 2016,
http://www.forbes.com/sites/keithflamer/2016/04/12/dubai
-plans-earths-tallest-skyscraper-an-8th-world-wonder-
inspired-by-hanging-gardens-of-babylon/#16f432e7295a)

O3 D

A Marvel of Victorian Engineering Reopens as a
Concert Venue in London

Stairs being installed in the Grand Entrance Hall, part of
Isambard Kingdom Brunel’s Thames Tunnel.

The influential 19™-century British mechanical and civil en-
gineer Isambard Kingdom Brunel’s Thames Tunnel in Lon-
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don was the first underground tunnel to be constructed suc-
cessfully beneath a navigable river. Built between 1825 and
1843, it was considered a wonder of Victorian engineering,
achieved using tunneling shield technology in which an iron
shaft 50 feet in diameter was sunk into the banks of the
Thames by its own weight as a first step in excavating the
space. When the tunnel opened, the lllustrated London
News called it the eighth wonder of the world.

Section of shaft in process of being sunk

Originally designed for horse-drawn carriages, the historic
tunnel became a blockbuster pedestrian thoroughfare and
tourist attraction instead (and a brothel after dark) before
serving as part of London’s underground railway from 1869
to 2007. The tunnel is now used as part of the London
Overground suburban rail network.

An illustration of the original 19th-century space.
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Back in the day.

And to celebrate and raise awareness of the built legacy of
Brunel and his father, Marc Isambard Brunel, who initiated
the project, the historic Grand Entrance Hall of the original
sinking shaft has been reopened by the nearby Brunel Mu-
seum. Once the site of underground banquets and concerts,
it's being rebranded as a subterranean performance and
event space that just happens to be located in the historic
heart of the world’s oldest underground rail network.

An illustration showing how part of the tunnel is now used
for the London Overground railway network.

Grand Entrance Hall door.
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To make the space more easily accessible to the public, the
original Brunel staircase was removed, and a new door and
oak and steel staircase designed by architects Tate Harm-
er architects has been constructed. The freestanding stair-
case includes a ribbon of red light along the banister that
makes it look like a passageway to a rave venue, but the
smoke-blackened brick walls have been left untouched.

“"We wanted to celebrate the raw nature of the Victorian
industrial heritage,” Tate Harmer partner Jerry Tate said in
a press release, “while providing the public proper access
for tours and performances."

(Kristin Hohenadel / SLATE, April 20, 2016,
http://www.slate.com/blogs/the eye/2016/04/20/london s
thames tunnel reopens as an underground performance
_space.html)

O3 D

Ashfork-Bainbridge Steel Dam, Arizona

View of the dam face in 1922

As you'll find out further into our abbreviated treasury of
water-impounding structures, Arizona is a state with a de-
cent number of major dams: Some are named after presi-
dents (Hoover, Roosevelt and Coolidge Dams); some are
supported by buttresses (Bartlett Dam) and some by can-
yon walls (Glen Canyon Dam); some are more famous for
the reservoirs that they form (Parker Dam). And then
there's Ashfork-Bainbridge Steel Dam, a historic Arizona
dam that's in a league of its own.

Completed in 1898 in a far-flung corner of Coconino County,
the Ashfork-Bainbridge Steel Dam is, you guessed it, con-
structed from steel — a wild departure from the concrete
and masonry behemoths of the mid-20th century. In fact,
the landmark structure, listed on the National Register of
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Historic Places in 1976, was the first steel dam ever realized
— and one of only two extant steel dams remaining. There
was a third in Montana but it failed just a year after its
completion in 1908.

The innovative but modestly sized Ashfork-Bainbridge Dam
also differs from a majority of other Arizona dams in that in
wasn't constructed to control river flooding, produce hy-
droelectricity or to supply nearby farms with water. Rather,
the prefabricated-in-Wisconsin steel plate dam was com-
missioned by the Atchison, Topeka and Santa Fe Railway
(ASTF) to impound floodwater flowing through Johnson
Canyon. Blocked by the curious-looking yet totally revolu-
tionary steel structure, floodwater then drained into a pipe
that flowed to a water tower in the nearby town of Ashfork
where the ATSF had established a crucial water stop for
steam locomotives, which required huge amounts of water.
So basically, the dam formed a reservoir in the middle of
the Arizona desert that helped power trains.

(10 of America's grandest dams by Matt Hickman / mnn
mother nature network, April 22,
2016, http://www.mnn.com/earth-matters/wilderness-

resources/photos/10-americas-grandest-dams/ashfork-

bainbridge-steel-dam-arizona#top-desktop)

The Ashfork Bainbridge Steel Dam, the first large steel
dam in the world, and one of only three ever built in the
United States, was constructed in 1898 by the Atchison,
Topeka and Santa Fe Railway (ATSF) to supply water for
railway operations near Ash Fork, Arizona. It is named for
the town of Ash Fork, and for Francis H. Bainbridge, a civil
engineer and graduate of Rensselaer Polytechnic Insti-
tute (RPI), who was an engineer for ATSF. The dam has
been listed on the National Register of Historic Places since
1976.

The dam was fabricated by the Wisconsin Bridge and Iron
Company and shipped to the site in pieces for erection.
Construction of the dam began in 1897 and was completed
March 5, 1898 at a total cost of US$63,519.

Current view of dam face

The structure gets its scalloped appearance from 24 curved
3/8 inch steel plates (alternately loose and rigid to compen-
sate for a temperature range from 104 °F (40 °C) to minus
4 °F) that slope downstream. The central steel section is
184 feet (56 m) long, 46 feet (14 m) high, and weighs
about 460,000 pounds (210,000 kg). No spillway was pro-
vided; instead, the dam was designed to withstand over-
topping of 6 feet (1.8 m) of water pouring directly over its
crest.
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It holds about 36,000,000 US gallons (140,000,000 L) of
water when full.

(Wikipedia, https://en.wikipedia.org/wiki/Ashfork-
Bainbridge Steel Dam)

(C- 4R -0)

Mapa&eva Tou Xpovou
210 KEVTPO TNG I'NG, TO PpoAOI ndel 2,5 Xpovia nicw

To npdowno TnG Mg €ival nio yepaouEVo anod ToV E0WTEPIKO
TNG KOOUO

Ti wpa eival; H anavtnon noikiAAel avaloya pe 10 BaBoC:
AOYW TNG FevIKNG ZXETIKOTNTAG Tou AiVOTAIV, TO KEVTPO TNG
ng sivar 2,5 xpovia vedtepo anod To £da@OC Nou MNATAye,
DeiXvouv o1 TEAEUTAIOI UNOAOYIGHOI.

'Onwg npoéBAewe npiv and €vav aiwva o AAunepT AivoTdiv,
0 XPOVOC TPEXE! Mo apya oTav n duvaun Tng BapuTtnTag pe-
vaAwvel. Kal auto onuaivel 0TI oTnV KOpuPr €vog Bouvou o
XPOVOC KUAG nio yprnyopa and o,m atn Bacn tou, apol n
anooTacn TNG Kopu®ng and To KEVTPO Tou MAAvATn eival
peyaAUTepn kal n BapuTnTa pikpoOTEPN.

To @aivopevo £xel eniBeBaiwbei nelpapaTika kal Npénel pa-
MoTa va AaupBaverar unown oto oloTtnua GPS -0 Xpovog
KUAG Mo ypriyopa yia Toug dopu@®odpoug ToU GUCTAHATOG, Kal
av auTn n diagopa dev AapBavoTtav undwn n anokAion oTo
YEWYPA®PIkd oTiypa Ba £épTave Ta NoAAd XIANIOPETPA ava nue-
pa.

'ONW¢ €NICNUAiVouV 01 EPEUVNTEC TNG TEAEUTAIAg HEAETNG, TN
dekaeTia Tou 1960 o apepikavog KBavTikog puoikdg PiToapvT
déivuav gixe unoloyioel OTI n xpovikA andkAion avapeoa
oTNV €NIPAveIa Kal Tov nupnva Tng 'g nTav pia ye duo n-
MEPEC.

O Ap OUApix OUykepxo® Tou llavenmioTniou Tou 'QPXOUC
oTn Aavia gixe TN cwPpoouvn va d1aoTAUPWOEl TNV EKTIINCN
Tou ®&ivuav npiv TNV oupnepiAaBel oe €va olyypappa nou
OUVETAOOE YIA TOUG NPONTUXIAKOUG (POITNTEG TOU.

YrnoAodyioe €T1al Tn diagopd oTo BApUTIKO dUVAUIKO -Eva HE-
TPO TOU £€pyou Mou napdayel n BapuTnTa HETAKIVOVTAG £va
OWKa Npog Ta KATw- avdapeoa oTo KEVTPO Kal TNV €niPAvela
Tou nAavATn. O1 unoAoyiopoi £dsi€av OTI, yia KGO deuTEPO-
AENTO Mou NepvdAgl TNV €NIPAVEIA, O XPOVOG OTO KEVTPO TNG
Mg unoAeinetal katd 3 x 1071° deutepdAenTa.

STa TEooepa dioskaToppupla Xpovia rnou €Xouv MEPACEl ano

TOV OXNUATIONO TOU MAGVATN, N OWPEUTIKN diapopd PTavel
nepinou Tov evauial Xpovo.
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AuTO, OHWG, Io0xUel HOVO av Bewpnoel kaveig oTI n n eival
OMOIOYEVNG. ZTNV MpayuaTikdTnTa dev €ival, agou o nupn-
vacg Tou nAavnTn anoTeAsiTal Kupiwg and oidnpo kar E£xel
MeyaAUTepn nukvoTNTa and Tov pavdla kal Tov QAolo. Aau-
BavovTag unown autoU¢ TOUG NApayovTEG, Ol OMnoiol EnNnpea-
Couv TO BapuTikO nedio, o OUYKEPXOP KATAARYEI OTNV €KTI-
gnon ot €&va poAdl oTo KEVTPO Tou nupriva Ba mfyaive 2,5
Xpovia nicw o€ axéon Pe €va poAdl oTnv enigpavela Tng 6a-
Aaooag.

ZTNV nePINTwon Tou yiyavTtiou ‘HAIou, npooBETel 0 €peguvn-
TAG, N XPOVIKA dlapopd avapeoa OTo KEVTPO Kal TV ENQa-
VEIa €ival akopa peyaAlTepn, yUpw ota 40.000 xpodvia.

Mapapével NAvTwG acapeg av o PitoapvTt ®éivpav €kave
AaBo¢ oTIC NPAeig, | av n €KTiUNON Tou PETAPEPONKE aA-
Aolwpevn and «xpdvia» O€ «pEPEG» and AAAOUG ENICTRHO-
VEG.

'Onwg enionuaivel o OUykepxo® oTo nepiodikd New Scientist,
«Ba npenel kaveig va €ivalr navra nNpooekTIKOG Kal va dia-
oTaupwvel Ta Asydpeva akdpa kalr Twv didonuwv avlpw-
nwvs.

H peAETN Tou €ival d1aBEoiun oTnVv unnpecia npodnuoaicuong
arXiv.

(BayyeAng MpaTikdkng / Newsroom AOA, 23 Anp. 2016,
http://news.in.gr/science-
technology/article/?aid=1500073369&ref=newsletter)

Earth’s core is two-and-a-half years younger
than its crust

There’s a surprise lying deep beneath your feet. Physicists
have calculated that the centre of the Earth is two-and-a-
half years younger than its surface, thanks to the effects of
gravity as described by general relativity.

Fresher in the middle

According to Einstein’s theory, your position in a gravita-
tional field changes the rate at which you experience time
passing. The idea has been rigorously tested and has an
impact on GPS satellites. But the time differences involved
here are normally fractions of a second, not a couple of
years.

Ulrik Uggerhgj of Aarhus University in Denmark and his
colleagues realised the effect would be much more pro-
nounced for Earth after re-examining a claim made by
physicist Richard Feynman in the 1960s. In a series of lec-
tures, Feynman claimed that the difference in age between
the Earth’s centre and surface was about a day or two - a
figure often repeated and cited in papers by other physi-
cists, including Uggerhgj.
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But when Uggerhgj recently decided to include the anecdote
in an undergraduate textbook, he sat down to check the
figure himself. The calculation involves working out the dif-
ference in gravitational potential - a measure of the work
done by gravity in moving a mass from one location to an-
other - between the centre and surface.

Young at heart

Plugging this difference into the equations of relativity gives
a time dilation factor of around 3 x 107'°, meaning every
second at the Earth’s centre ticks this much slower than it
does on the surface. But since the Earth is around four bil-
lion years old, the cumulative effect of this time dilation
adds up to a difference of around a year and a half.

These calculations assume a uniform density throughout the
Earth, which we know isn’t accurate since the core is denser
than the mantle. Using a more realistic model of Earth’s
density, Uggerhgj’s team found the difference in age is ac-
tually around two-and-a-half years.

Of course, we can't confirm this number experimentally,
says Uggerhgj. But general relativity has passed every test
thrown at it so far, so it seems likely to be correct. And
since, as far as we know, the theory operates throughout
the universe, the same effect occurs for any massive body.
The team calculates that the centre of the sun is around
40,000 years younger than its surface.

Uggerhgj says it is unclear whether Feynman made the er-
ror originally, or whether the transcription of his lectures
somehow garbled “days” into “years”, but he says it pays to
take nothing for granted. “One should always be cautious
and test even famous people’s suggestions,” he says. "I fell
into the trap of not doing it, I must admit.”

Reference: arxiv.org/abs/1604.05507

(Jacob Aron / New Scientist, 22 April 2016,
https://www.newscientist.com/article/2085599-earths-core-
is-two-and-a-half-years-younger-than-its-crust)
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Encyclopedia of Encyclopedia of Earthquake
Earthquake Engineering

Engineering Editors: M. Beer, I. A.
Kougioumtzoglou, E. Patelli, Siu-
Kui Au

The scope of the Encyclopedia of
Earthquake Engineering covers the interaction between
earthquake events and our engineering installations and
infrastructures. It is expected to range over buildings, foun-
dations, underground constructions, lifelines and bridges,
roads, embankments, and slopes. Although a plethora of
references exist in the context of treating/addressing indi-
vidual earthquake engineering topics, there is no literature
dealing with earthquake engineering in a comprehensive,
versatile, and unified manner. In this regard, the extreme
event of an earthquake has a multifaceted impact on a vari-
ety of activities. These include day-to-day operations of
public and private services which have greatly increased
their exposure to risk.

The Encyclopedia is designed to inform technically inclined
readers about the ways in which earthquakes can affect
engineering installations and infrastructures and how engi-
neers would go about designing against, mitigating, and
remediating these effects. It is also designed to provide
cross-disciplinary and cross-domain information to domain
experts. Specifically, the proposed work introduces a cou-
pling between traditional topics of earthquake engineering,
such as geotechnical/structural engineering, topics of
broader interest such as geophysics, and topics of current
and emerging value to industrial applications, such as risk
management. In this regard, risk management is included
in a comprehensive manner, which addresses the dimension
and complexity of earthquake hazards. This elucidates the
vital connection of the technical contents to the societal
context. The main benefit of the Encyclopedia is its breadth
of coverage to provide quick information on a substantial
level to virtually all groups of readers from academia, in-
dustry, and the general population who would like to find
out more in the area of earthquake engineering.

Overall, this work is a concerted effort to provide with a
holistic perspective on earthquake engineering-related is-
sues of recent currency. Its innovative, modular, and con-
tinuously updated form facilitates a potent, self-contained,
and readily accessible exposition of multi/interdisciplinary
elements in the broad field of earthquake engineering, thus
enabling the researcher/practitioner/designer to identify
links and potential future research themes in an efficient
and timely manner.

(Springer, November 2015)
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http://www.issmge.org/en/resources/issmge-
bulletin/795-vol-10-issue-2-april-2016

KukAo@popnaoe 1o Telxog ap. 2 Tou Topou 10, Anpidiou 2016
Tou ISSMGE Bulletin Tng ISSMGE e Ta akoAouba nepiexo-
Meva:

® Message from the President

e Message from the Chairs of TOC and CAPG

e Research Highlights
Geotechnical engineering laboratories, the University of
Tokyo, Japan

e Major Projects

Utilisation of deep groundwater barrier walls using soil
bentonite and biopolymer slurries in geotechnical and
environmental applications

e TC Report
Joint workshop at ECSMGE, Edinburgh

e Conference Reports

The 12th Australia New Zealand conference on Geo-
mechanics

The workshop of Seismic Soil Classification, Chile
Geotechnical seminar “"Reading of Gersevanov”, Russia

e Event Diary
e Corporate Associates

e Foundation Donors
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www.geoengineer.org

KukAogpopnoe To Teluxog #133 Tou Newsletter Tou Geo-
engineer.org (AnpiAiou 2016) pe NOAANEG XprOILEG MANPO-
Qopieg yia OAa Ta B£uaTa TNG YEWMNXAVIKNG. YnevOupileTal
oTI To Newsletter kdidstal and Tov ouUVAdEAPO Kal PEAOC
TnG EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).
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Content of Volume: 23, Issue: 2 (April 2016)

Laboratory study on the use of EPS-block geofoam for em-
bankment widening, A. T. Ozer

Water vapour adsorption and desorption in GCLs, M. A.
Rouf, A. Bouazza, R. M. Singh, W. P. Gates and R. K. Rowe

Effects of geogrid encasement on lateral and vertical defor-
mations of stone columns in model tests, M. Gu, M. Zhao, L.
Zhang and J. Han

Shear-induced changes in smooth geomembrane surface
topography at different ambient temperatures, J. D. Frost
and T. Karademir

Cyclic and post-cyclic behaviour from sand-geogrid inter-
face large-scale direct shear tests, F.-Y. Liu, P. Wang, X.
Geng, J. Wang and X. Lin

Scaled model tests on influence factors of full geosynthetic-

reinforced pile-supported embankments, C. Xu, S. Song and
J. Han
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Fevikog Mpapparteag:

Tapiag

'EQOpPOG

MEAN

AvanAnpwuariko

rewpylog FIKAZETAZ, Ap. MoAiTikdg Mnxavikdg, Kadnyntrg E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

Mavayiwtng BETTAZ, MoAITIKOG Mnxavikog, OMINOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

MixdAng NMAXAKHZ, MoAiTikdg Mnxavikodg
mpax46@otenet.gr

MixdAng MMAPAANHZ, MoAImikdg Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

Mwpyog NTOYAHZ, MoAITikog Mnxavikdg, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.
gdoulis@edafomichaniki.gr

Mwpyog MNEAOKAZ, Ap. MoAImikdg Mnxavikog, Enikoupog Kadnyntrg TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

Avdpéag ANAINQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OpdTIHog KaBnyntng EMM
aanagn@central.ntua.grn

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

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

MéAog KwvoTavTivog IQANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr
Ekd6TNG Xpniotog TZATZANI®OZ, Ap. MoAITIKOG Mnxavikog, MANTAIA SYMBOYAOI MHXANIKOI E.[M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
EEEErM
ToHéag MEWTEXVIKAG TnA. 210.7723434
ZXOAH MOAITIKQN MHXANIKQN Tot. 210.7723428
EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTexveioUnoAn Zowypapou geotech@central.ntua.gr
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