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Anpooiebtnke oto ®EK B 1457/5.6.2014 n K.Y.A. AINAA/OK.
372/30.5.2014 «Eykpion epapuoyng Kal Xpnong TV ELpwK-
Sikwv og cLVSLACWO PE Ta avTioTolxa EBvIKa MNMpocapTHua-
TN,

Me Tnv K.Y.A. QUTA €YKPIVETAI N €PpAPPOYN KAl N XpNnon, o¢
OAQ Ta ANUOCIa Kal ISITIKA £€0YQ, TWV UETAPPACUEVROYV OTNV
EAANVIKA YAWOOQ KelPEvy TV Epwkwbikwy. O IoXOOVTEG,
TTALOV, ELPWKWAIKES TTAPATIOevTal o€ MNAPAPTAUATA KAl OVO-
pualovtal EAAnvika EvpwTtiaika Mpotoma (mapdptnua 1) kai
ouvobevovTal amd Ta EOvika MNoocapTAPATA TOLS TTOL OVO-
palovtal EAAnvika MpoTtomra (mapdaptnua 2).

H epappoyn TV ev AOYw TTPOTOTTIWV SV €ival LTTOXPEWTIKA,
AANG LTTOKEITAI OTNV SIAKPITIKA ETTIAOYT TOL eKAOTOTE KLPIOL
TOUL Epyou, 0 omoiog SLvaTal va Ta EPAPUOTEl WG KAVOVIOTI-
KA KEIYEVA YIA TOV OXeSIACUO KAl TNV HEAETN VEWV PELOLO WY
KATAOKELWV, KABWGS KAl YIa TNV ATTOTIUNON KAl TOV avaoxedl-
AOUO LPICTAPEVRY PEPOLOWY KATATKELGV. TLVAKOAOLOWG,
QiPETAI N LTTOXPEWTIKOTNTA £PAPHUOYNG TWV TTROVTTAPXOVTWY
KAVOVIOTIKGWV KEIUEVWY SOUNONG (€BVIKEC TTPOSIAYPAPES KAl
KAvVOVIOuOi), Ta otroia mapartiOevral oto Mapdptnua 3 NG
K.Y.A.

YTO VEO ALTO TTAQICIO, O KOPIOG TOL £OYOL OMEIAEl VA ETTIAEYE
TO TTAQICIO TWV KAVOVIOTIKGWV KEIWEVWY TOL OXeSIAoUOoL KAl
TNG MEAETNG TNG PEOOLOAG KATAOKELNG TOL £PYOL, EPAPUO-
oVTAG €iTe TIG HEXQI ONUEQA LTTOXPEWTIKES €OVIKEG TTPOSIA-
YPApPES, €iTe TOLG ELPWKWSEIKEG O cLVSLACUO e Ta EBVIKA

(ouvéxeia oTny oeA.3)
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(ouvéxela and Tnv NpwTn oeAida)

Toug MNpooaptipaTa (dev eMITPENETAI N EMIAEKTIKN XPNOIMO-
noinon dIaTAEEWV NPOEPYXOMEVWV ANO TO MN €MIAEYEV MAQiOI-
0).

AapBavovtag unoywn, navtwg, Ot n XpAon Twv Eupwkwdi-
KWV, OTOV OX€dIaopO Kal OTNV €KMOVNON TWV HEAETOV Yia
TAV KATAokeun Twv Texvikwv Epywv MoAmikol MnxavikoU,
anoTeAEl TEKPAPIO CUPHOPPWONG MPOG TIG ANAITACEIG TNG
KaTteuBuvTtnpiag Eupwnaikng Odnyiag 89/106/EEC, ekTiydaral
OTI N duvVATOTNTA EMIAEKTIKNAG EPAPHOYAG TwV nou didel n v
Aoyw K.Y.A. ouvioTd pia peTafatikn katdoTaon, anaiToupe-
VN yia TNV anokTnon nNANPouUg yvwong Kal €EoIkeiwong Twv
HEAETNTWV KAl TWV PNXAVIK®V TOu dnUOCiou TOHEQ.

‘Onwg, aAwoTe, avagepeTal kal otnv K.Y.A., TEAIKR enidiw-
En €ival n evappovion Tng EAAnviknG NopoBeaiag pe ta Eu-
pwnaika Mpdétuna Twv Eupwkwdikwv yia Tnv eniTeugn Tou
oToxou TnG Eviaiag Eupwnaikig Ayopdg Kal TV YEVIKOTEPWV
KoIvov oTOXwv TNG Eupwnaikng Tunonoinong.

EUROCODES

BUILDING THE FUTURE
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EYPQKQAIKEZ
«ANAZKOIMHZH NMPOTYNQN EYPQRKQAIKQN »

Ta keipeva Twv EUpwkwdikwv nou avagépovralr oro
napov AeAtio TUnou €xouv TeOei 0 avoixTo oxoAiaouo
yla Tnv eniocngavon naparnpnoswv ano Tnv HEXpPI on-
HEPA XpHon Toug

ra tnv nAektpovikn unoBoAn oxoliwv oup@wva HE
ToV llivaka oxoAiaouou, TiOsTalr kataAnKTIKn NUEPOMN-
via n 31" Iouliou 2014.

O1 Eupwkmdikeg eknovnBnkav and tnv Texvikn Enmitponn Eu-
pwKWIKWV TNG Eupwnaikng Enirponng Tunonoinong CEN/TC
250 "Structural Eurocodes" HE Tn OUMMETOXN TWV €BVIKWOV
EUNEIPOYVWHOVWVY Kal eknpoomnwv Twv Opyaviop®mv Tuno-
noinong Twv Kpatov MeA®v kai napexouv €va koivo yia OAn
Tnv Eupwnaikn 'Evwon oUvoAo peBOdwv yia ToV UMOAOYIOUO
TNG MNXAVIKAG avToxng Twv AoMIKwV 'Epywv Kdl TwV OTOIXEI-
WV TOUG.

O EAOT napakoAouBsi Ti¢ epyaciec Tng CEN/TC 250 pe Tnv
katonTpikn emTponf EAOT TE 67 «EupwkwdIKEG» Kal TIG a-
kOAouBsc Opadesc Epyaciag mou €xouv ouykpoTtnBei yia Tov
oKono auTo:

1. EAOT /TE 67 /OE1l Eupwk®dikag 1 «Apacsic os dopnua-
Ta»

2. EAOT /TE 67 /OE2 Eupwkwdikag 2 «KaTaokeuéc ano
SKUpOdENa»

3. EAOT /TE 67 /OE3 Eupwk®dikag 3 «MeTaAAIkEG KaTa-
OKEUEG»

4. ENOT /TE 67 /OE4 EupwK®dIKag 4 «ZUMPMIKTEG KATa-
OKEUEG»

5. ENOT /TE 67 /OE5 EupwkwdIKAG 5 «=UAIVEG KATAOKEU-
£C»

6. EAOT /TE 67 /OE6 Eupwk®dikag 6 «Toixonolia»

7. ENOT /TE 67 /OE7 Eupwkwdikag 7 «EwTEXVIKOG SXEDI-
aopoe»

8. EAOT /TE 67 /OE8 Eupwkwdikag 8 «AVTIOEIOHIKEG KATA-
OKEUEG»

9. EAOT /TE 67 /OE9 Eupwk®dikag 9 «Zxedlaouog Kata-
OKEUWV AAOUMIViou»

10.EAOT /TE 67 /OE10 Eupwkwdikag 10 «Bdaoeig unoAoyi-
OpOU KATAOKEUMV>

11.EAOT /TE 67 /OE11l Eupwkwdikac 11 «KaTtaokeuég ano
IVONAIOHEVA NOAUPEPH)»

O EAOT oMokAnpwoe Tnv €kdoon Twv EYPQKQAIKQN kai Ta
EBvikd MpooapTtApaTa nou Toug ouvodsUouVv O Cuvepyaacia
pe To YIYMEAI Tov NoépBpio Tou 2010.

H evnuépwon kai cuvtnpnon Twv Eupwkwdikwv gival Bagikn
dpacTnpioTnTa yia Tn diaTrhpnon Tng aglonmioTiag Toug, Tng
€YKUPOTNTAG KAl TNG OUVOXNG Toug, kKabwg Héow auTng dia-
o@aAileTal 0TI oI EUupwKWIIKEC enikaiponolouvTal cUPPpwva
ME TIG anAITACEIG TNG ENICTAMNG Kal 0ev nepiAappavouv na-
popauara.

S>Ta nAaioia auta n Texvikr Emmponr CEN/TC 250 Eskivnoe
Tn d1adikagia avaokonnong TwV KEIPEVWV TwV EUpwKwdikwv
nou nepiAapypavovTal otov akdAouBo nivaka:

(6nou Al | A2 agopa atnv 1" n 2" ékdoon Tpononoinoewy
kal avTioToixa onou AC oTnv €kdoan AlopBwoewv)

O EAOT kalei kGBe evdiapepopevo va unoBaAel otov EZYrl/
ENOT/Aisv6uvon Turnonoinonc TuxXOv napartnphosic, npoTa-
ogIG aAAaywV K.AM. ONw¢ Npogkuywav and Tnv Xpnon Kai -
apuoyn TWV WC GVW KEIPEVWV TWV EUpwKwiKwV.

Ta oxoAia autd Ba diaBiBacBouv yia va eEeTacBouv anod Tnv
apuodia Texvikry EmTponrny EAOT TE 67 kal TIC QVTIOTOIXEG
Opdadsg Epyaoiag, npokeiyevou va unoBAnBolv otnv Eupw-
naikn Texvikn EmTpon CEN/TC 250 w¢ ol JIaHOPPWHEVEG
eANVIKEC BEoEIC.

ra 1 disukoAuvon unoBoAnc kai diaxeipionc Twv unoBai-
AOuevwV oxoliwv ol ev3IapePOUEVOI KaAouvTal va ouunin-
PWVOUV TO EVTUMNO axoAiaouoU (oTnv ayyAikn n otnv AAn-
VIKI] YAWOOQa), ONUEIWVOVTAG EUKPIVAWG TOV KWOIKO TOU TXO-
Alalousvou eyypdpou, kabwc kal Ta KepdAaia-rnapaypd-
@ouc-edd®ia uno axoAIaouo.

KareBaoTe Tov Mivaka oxoAiagpoU anod 3w
NMAnpo@opicg

FapdéAn Euyevia , BeAAn Kipkn
TnA.: 210 2120124 210 2120121

HAekTpoVIkN anooToAn oXoAimv
eurocodes@elot.gr
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EYPQKQAIKAS BAZEI> SXEAIA>MOY

. EN 1990:2002 [A1:2005 + AC:2008 + AC 2010] Euro-
code - Basis of structural design

e  EAOT EN 1990 Eupwkwdikag - Baoeic oxediacuou dopn-
HaTWV

e EAOT EN 1990/A1 Eupwk®dikag - Baoeic oxediacuol
dounuaTwyv

EYPQKQAIKAZ 1

. EN 1991-1-1:2002 [AC:2009] Eurocode 1 - Actions on
structures - General actions - Densities, self-weight,
imposed loads for buildings

e EAOT EN 1991.01.01

Eupwk®dikag 1: Apaceic o dopunpaTa - Mépog 1-1: le-
VIKEG Opacelg - MukvoTNTEG, idia Bapn kai eniBaiAdpeva
@opTia ot KTipla

. EN 1991-1-2:2002 [AC:2009 + AC:2012 + AC:2013]
Eurocode 1 - Actions on structures - General actions -
Actions on structures exposed to fire

e EAOT EN 1991.01.02

Eupwk®dikag 1: Apaoceig o dounuara - Mépog 1-2: le-
VIKEG OpAcEIG - ApAcelG o€ dounpaTa Aoyw nupkayidg

e EN 1991-1-3:2003 [AC:2009] Eurocode 1 - Actions on
structures - General actions - Snowloads

e EAOTEN 1991.01.03

Eupwk®dikag 1 - Apaoeig og dopnuarta - Mépog 1-3: le-
VIKEC dpaoceig - dopTia xloviou

. EN 1991-1-4:2005 [AC:2009 + AC:2010 + A1:2010]
Eurocode 1 - Actions on structures - General actions -
Wind actions

e EAOT EN 1991.01.04

Eupwk®dikag 1: Apaocsig o dounuara - Mépog 1-4: le-
VIKEG dpAoeIg - ApACEIg avELOU

e EAOTEN 1991.01.04/A1

Eupwk®dikag 1: Apdaoceig o dounuara - Mépog 1-4: e-
VIKEC BpAoEIC - ApACEIC AVEUOU

e EN 1991-1-5:2003 [AC:2009] Eurocode 1 - Actions on
structures - General actions - Thermal actions

e EAOTEN 1991.01.05

Eupwkmdikag 1: Apdaoeig o€ dopnuaTa - Mépog 1-5: le-
VIKEG OpACEIG - OePUIKEG OPATEIG

EYPQKQAIKAS 2

e EN 1992-1-1:2004 [AC:2008 + AC:2010] Eurocode 2
- Design of concrete structures - General rules and rules
for building

e EAOTEN 1992.01.01

Eupwkmdikag 2: IxedIa0POG KATAOKEUWY and oKUpode-
ga - Mépog 1-1: Mevikoi KavOVeG Kal KAvoVeg yia KTipia

e EN 1992-1-2:2004 [AC:2008] Eurocode 2 - Design of
concrete structures - General rules - Structural fire de-
sign

e EAOT EN 1992.01.02

Eupwk®mdIkag 2: IxedIaouOG KATAOKEU®V and okupode-
Ma - Mé€pog 1-2 : Tevikoi KAvOveg - ZXeDIAONOG POPEWV
og nupKayia

e EN 1992-2:2005 [AC:2008] Eurocode 2. Design of
concrete structures - Concrete bridges - Design and de-
tailing rules

e EAOTEN 1992.02

Eupwkmdikag 2: Ixed1a0POG KATAOKEUMV and okupode-
Ma - M£pog 2: MEQupeg and okupodeua - ZXedIAoNOG
Kdl KATAOKEUAOTIKOI KAVOVEG

e EN 1992-3:2006 Eurocode 2 - Design of concrete
structures - Liquid retaining and containing structures

e EAOTEN 1992.03

Eupwkmdikag 2: Ixed1aoPOG KATAOKEUMV and okupode-
Ma - Mépog 3: ZIAO Kal OeEapEVEG

EYPQKQAIKAZ 3

e EN 1993-1-1:2005 [AC:2005 + AC:2006 + AC:2009]
Eurocode 3 - Design of steel structures - General rules
and rules for buildings

e EAOT EN 1993.01.01

Eupwk®dikag 3: ZxedIaouOC KATAGKEUWY and XaAuBa -
Mépog 1-1: Mevikoi KaVOVEC Kal Kavoveg yia KTipia
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e EN 1993-1-8:2005 [AC:2005 + AC:2009] Eurocode 3
- Design of steel structures - Design of joints

e EAOTEN 1993.01.08

Eupwk®dikag 3: ZxedIaOUOG KATAOKEUWY and XaAuBa -
Mépog 1-8: Zxedlaouog KOuBwv

. EN 1993-1-12:2007 [AC:2009] Eurocode 3 - Design
of steel structures - Additional rules for the extension of
EN 1993 up to steel grades S 700

e EAOTEN 1993.01.12

Eupwk®dikag 3: Zxedlaopog KATAoKEU®V and XaAuBa -
Mépog 1-12: MpOoHBETOI KAVOVEG YIa TNV ENEKTACN TOU
EN 1993 oe xdAuBec S 700

o  EYPQKQAIKAS 4

e EN 1994-1-1:2004 [AC:2009] Eurocode 4 - Design of
composite steel and concrete structures - General rules
and rules for buildings

e EAOT EN 1994.01.01

Eupwk®dIkag 4: ZxedIa0UOG CUHHIKTWV KATAOKEUWV
ano xaAuBa kar okupoddepa - Mepog 1-1: Mevikoi kavo-
VEG KAl KAVOVEG YId KTipia

e EN 1994-1-2:2005 [AC:2008 + A1:2014] Eurocode 4
- Design of composite steel and concrete structures -
General rules - Structural fire design

e EAOT EN 1994.01.02

Eupwk®mdikag 4: ZxedIa0UOC CUUMIKTWV KATAOKEUWV
and xaAuBa kar okupodepa - Mépog 1-2: Mevikoi kavo-
VEG - ZXedIa0UOC POPEWV OE NupKayla

. EN 1994-2:2005 [AC:2008] Eurocode 4 - Design of
composite steel and concrete structures - General rules
and rules for bridges

e EAOT EN 1994.02

Eupwk®dIkag 4: ZxedIa0UOC CUUMIKTWV KATAOKEUWV
and xaAuBa kar okupodepa - MEpog 2: Mevikoi Kavoveg
Kal KaVOVEC YIa YEPUPEG

EYPQKQAIKAZ 5

e EN 1995-1-1:2004 [AC:2006 + A1:2008] Eurocode 5
- Design of timber structures - General - Common rules
and rules for buildings

e EAOT EN 1995.01.01

Eupwk®dikag 5: Zxedlaocuog EUAIVWV KATAOKEUWV -
Mépog 1-1: Mevika - Koivoi kavoveg kal Kavoveg yia KTi-
pla

EYPQKQAIKAZ 6

e EN 1996-1-1:2005+A1:2012 Eurocode 6 - Design of
masonry structures - Part 1-1: General rules for rein-
forced and unreinforced masonry structures

e EAOTEN 1996-1-1+A1

Eupwk®dIkag 6: ZxedIAOUOG KATAOKEUWY and Toixonolia
- Mépog 1-1: Mevikoi KaVOVEC yIa KATAOKEUEG and onAl-
OopévN Kal aonAn Toixonolia

e EN 1996-1-2:2005 [AC:2010] Eurocode 6 - Design of
masonry structures - Part 1-2: General rules - Struc-
tural fire design

e EAOT EN 1996.01.02

Eupwk®dIKag 6: ZxedIaOPOC KATAGKEUWY and Toixonolia
- Mépog 1-2: Mevikoi KavOVEeG - IxXe0IA0UOC POPEWY OF
nupkayia

e EN 1996-2:2006 [AC:2009] Eurocode 6 - Design of
masonry structures - Part 2: Design considerations, se-
lection of materials and execution of masonry

e EAOT EN 1996.02

Eupwk®dIkag 6: ZxedIaOUOC KATAGKEU®WY and Toixonolia
- Mépog 2: O¢para oxediaopou, emAoyrn UNIK®OV Kal Ka-
TAOKEUN TolXonoliag

e EN 1996-3:2006 [AC:2009] Eurocode 6 - Design of
masonry structures - Part 3: Simplified calculation
methods for unreinforced masonry structures

e EAOT EN 1996.03

Eupwk®dikag 6: ZxedIa0POC KATAOKEU®Y and Toixonolia
- Mépog 3: AnAonoinuéveg peBodol unoAoyiopouU yia Ka-
Taokeuég and aonAn Toixonolia

EYPQKQAIKAS 7

e EN 1997-1:2004 [AC:2009 + A1:2013] Eurocode 7 -
Geotechnical design - General rules

e EAOTEN 1997.01

Eupwk®dIkag 7: MewTeXVIKOG oXedIaopoG - Mépog 1: le-
VIKOI KAVOVEG

e EAOTEN 1997-1/A1
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Eupwk®mdikag 7: MewTeXVIKOG oXedlaopog - Mépog 1: le-
VIKOI KaVOVEG

e EN 1997-2:2007 [AC:2010] Eurocode 7 - Geotechnical
design - Ground investigation and testing

e EAOTEN 1997.02

Eupwkmdikag 7: MewTeXVIKOG oxedIaopog - Mepog 2: E-
daPIKEG EPEUVEG Kal BOKIMEG

EYPQKQAIKAS 8

e EN 1998-1:2004 [A1:2013 + AC:2009] Eurocode 8 -
Design of structures for earthquake resistance - General
rules, seismic actions and rules for buildings

e EAOT EN 1998.01

Eupwkmdikag 8: AVTIOEIOUIKOG OXESIAONOG TWV KATA-
OKEUWV - MEpoC 1: MeviKoi KAVOVEC, OEIOHIKEG OPATEIC
Kal kavoveg yia KTipia

e EAOTEN 1998-1/A1

Eupwkmdikag 8: AVTIOEIOUIKOG OXeSIAONOG TWV KATa-
OKEUWV - MEpog 1: M'eVIKOI KAVOVEG, OEIOHIKEG OPATEIG
Kal kavoveg yia KTipia

e EN 1998-3:2005 [AC:2010 + AC:2013] Eurocode 8 -
Design of structures for earthquake resistance - As-
sessment and retrofitting of buildings

e EAOT EN 1998.03

Eupwk®dikag 8: AVTICEIONIKOC OXEDIQOUOC TWV KATa-
OKEUWV - MEpog 3: ANOTIINON TNG MEPOUCAG IKAVOTNTAG
KTIPIWV Kal ENEPPATEIG

EYPQKQAIKAS 9

e EN 1999-1-1:2007 [A1:2009 + A2:2013] Eurocode 9
- Design of aluminium structures - General structural
rules

e EAOT EN 1999.01.01

Eupwkmdikag 9: IxedIaOPOG KATAOKEUWY and aAoupivio
- Mépog 1-1: Mevikoi Kavoveg

e EAOTEN 1999.01.01/A1

Eupwk®dikag 9: IxedIaopOG KATAOKEU®V and aloupivio
- Mépog 1-1: levikoi KAVOVEG

e EAOT EN 1999-1-1/A2

Eupwkmdikag 9: IxedIaOUOG KATAOKEU®Y and aAoupivio
- Mépog 1-1: Mevikoi Kavoveg

e EN 1999-1-2:2007 [AC:2009] Eurocode 9 - Design of
aluminium structures - Structural fire design

e EAOT EN 1999.01.02

Eupwk®dIkag 9 - ZxedIAOPOG KATACOKEUWVY anod aAoupivio
- Mépog 1-2: ZIxedIaoPOC POPEWY OE NUPKAYIA

. EN 1999-1-3:2007 [A1:2011] Eurocode 9 - Design of
aluminium structures - Structures susceptible to fatigue

e EAOT EN 1999.01.03

Eupwk®dikag 9: ZxedlaouOG KATAGKEU®VY and aAoupivio
- Mépog 1-3: KaTaokeugg euaiobnTeg o€ kKONWon

e EAOT EN 1999-1-3/A1

Eupwk®dikag 9: IxedIaopOG KATAGKEUMY ano aAoupivio
- Mépog 1-3: KaTaokeuEg suaiobnTeg o KONWan

e EN 1999-1-4:2007 [AC:2009 + A1:2011] Eurocode 9
- Design of aluminium structures - Coldformed struc-
tural sheeting

e EAOT EN 1999.01.04

Eupwk®mdikag 9 - IXedIa0POC KATAOKEUMV and aAoupivio
- M€pog 1-4: Aopika @UAANG Wuxpng €Aaong

e EAOT EN 1999-1-4/A1

Eupwk®dIkag 9 - ZxedIAOPOG KATACOKEUWV and aAoupivio
- Mépog 1-4: Aopika QUAAG Wuxpnc EAaong

e EN 1999-1-5:2007 [AC:2009] Eurocode 9 - Design of
aluminium structures - Shell structures

e EAOT EN 1999.01.05

Eupwk®dikag 9 - IxedIaoPOC KAaTAOKEU®Y and aAoupivio
- Mépog 1-5: KEAUQWTECG KATAOKEUEG
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APOPA

How Eurocode 7 has affected geotechnical de-
sign: a review
Trevor L. L. Orr BA, BAI, MSc, PhD, EURING, MICE, FIEI
Associate Professor, Department of Civil, Structural and
Environmental Engineering, Trinity College Dublin, Ireland

Eurocode 7, the new European standard for geotechnical
design, together with the other Eurocodes for structural
design, was implemented in 2010, and relevant parts of
British Standards that covered the same ground were with-
drawn. Since it is a single code covering all aspects of the
design of all types of geotechnical structure, including geo-
technical investigations and the determination and selection
of geotechnical parameters, and since it is based on the
limit state design method with partial factors, its implemen-
tation has resulted in many changes to geotechnical design
practice. These changes to geotechnical design caused by
the introduction of Eurocode 7 are reviewed, including the
new terminology, the new associated European investiga-
tion, testing and execution standards, the way geotechnical
parameters are selected, the way geotechnical calculations
are carried out and the way safety elements are introduced.
Some of the issues that have arisen and difficulties that
have been encountered with the introduction of Eurocode 7
are identified, and the plans for the future development of
Eurocode 7 are discussed.

1. Introduction

EN 1997, which is Eurocode 7: Geotechnical design, and
comprises Part 1: General rules (CEN, 2004) and Part 2:
Ground investigation and testing (CEN, 2007), is the new
European standard for geotechnical design. It was imple-
mented in the UK and many other European countries on
31 March 2010. As one of the suite of 10 harmonised Euro-
codes published by the European Committee for Standardi-
zation (CEN) for the design of building and civil engineering
works, Eurocode 7 is based on the limit state design
method, with the design principles and requirements for the
safety, serviceability and durability of structures set out in
the head Eurocode, EN 1990 (CEN, 2002). Eurocode 7 also
refers to the many new European normative standards
(ENs) for geotechnical investigations and testing, and for
the execution of geotechnical structures. Hence Eurocode 7
differs from the former British Standards (BSs) published
by the British Standards Institution (BSI) for geotechnical
design in its nature, in its use of the limit state design
method and through its reference to ENs for geotechnical
investigation, testing and execution, which have require-
ments and specifications that differ from those in the for-
mer BSs. Thus the introduction of Eurocode 7 has had, and
is having, a significant effect on geotechnical design, and
this paper reviews those effects and their consequences.

Since each country is responsible for setting the safety level
for its structures, the Eurocodes are published in each
country as national standards, with identical wording to the
EN versions. Each country is required to produce national
annexes (NAs) that provide values for the partial factors
and other safety parameters left open to national choice,
referred to as nationally determined parameters (NDPs), to
be used for the design of building or civil engineering works
to be built in that country. Thus Parts 1 and 2 of Eurocode 7
have been published in the UK by BSI as BS EN 1997-
1:2004 (BSI, 2004b) and BS EN 1997-2:2007 (BSI,
2007a), with the national annexes as NA BS EN 1997-
1:2004 (BSI, 2007b) and NA BS EN 1997-2:2007 (BSI,
2009a).
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Following the publication of EN 1997-1 in 2004, a number
of books and guidance documents, most with worked ex-
amples, have been published to explain its principles and
application (e.g. Bond and Harris, 2008; BSI, 2011a; DCLG,
2007; Driscoll et al., 2008; Frank et al., 2004). In addition,
journal papers that focus on particular aspects of geotech-
nical designs to Eurocode 7 have been published, and are
referred to in the appropriate sections of this paper. Train-
ing courses and information about Eurocode 7 have also
been provided by universities, professional organisations
and companies.

2. Nature and status of Eurocode 7

Eurocode 7 differs in nature from the earlier geotechnical
British Standards, such as BS 8004: Code of practice for
foundations (BSI, 1986) and BS 6031: Code of practice for
earthworks (BSI, 2009b). Although having the title ‘British
Standard’, BS 8004 and BS 6031 are termed codes of prac-
tice in their titles, and it is stated in their introductions that
these standards provide guidance and recommendations.
These recommendations are expressed in sentences in
which the principal auxiliary verb used is ‘should’.

The Eurocodes, in contrast, while they have ‘code’ in their
title, are always referred to as European standards, and are
divided into Principles and Application Rules. The Principles
are defined in 8§1.4(2) of EN 1990, where the symbol §
represents a paragraph, as ‘general statements and defini-
tions for which there is no alternative, as well as require-
ments and analytical models for which no alternative is
permitted unless specifically stated’. The Principles are ex-
pressed in sentences using the verb ‘shall’ rather than
‘should’. Thus when carrying out a geotechnical design to
Eurocode 7, the requirements, not recommendations, in the
Principles must be satisfied. All other paragraphs that are
not Principles are Application Rules, which are defined in EN
1990 8§1.4(4) as ‘examples of generally recognized rules,
which comply with the Principles and satisfy their require-
ments’. The Application Rules are generally expressed using
the verbs ‘may’ or ‘should’. Regarding the use of alterna-
tives to the Application Rules given in Eurocode 7, EN 1997-
1 §1.4(5) states that

It is permissible to use alternatives to the Application Rules
given in this standard, provided it is shown that the alter-
native rules accord with the relevant Principles and are at
least equivalent with regard to the structural safety, ser-
viceability and durability, which would be expected when
using the Eurocodes.

A note to this states that

If an alternative design rule is submitted for an Application
Rule, the resulting design cannot be claimed to be wholly in
accordance with EN 1997-1, although the design will remain
in accordance with the Principles of EN 1997-1.

The same Application Rule and an equivalent note are given
in EN 1997-2 §1.4(5) with regard to geotechnical investiga-
tions and testing. The significance of this is commented
upon below in Section 6.

An important feature of Eurocode 7 is that it provides a
broad framework for the design of all different types of geo-
technical structure, giving many lists of items to be consid-
ered, taken into account or checked in a geotechnical de-
sign. Through these checklists, which are often mandatory,
EN 1997-1 identifies what has to be achieved, but generally
does not specify how. Thus EN 1997-1 involves a risk
analysis approach to geotechnical design that requires geo-
technical engineers to identify all the different hazards in-
volved, and to think carefully about the measures that need
to be taken to minimise or mitigate the likelihood of their
occurrence. It is suggested that completion and retention of
these checklists could be considered as an element of de-
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sign in order to record and demonstrate that these factors
have been taken into account in the design.

Unlike the Eurocodes for structural materials, EN 1997-1
does not include any detailed calculation models (design
equations) as Application Rules in the code text because,
when it was being drafted, it was found that different calcu-
lation models were used in the different CEN countries, and
some calculation models were still being developed. Hence,
rather than include particular models in the code text, it
was decided instead to select the most commonly used and
best agreed models, for example the calculation models for
bearing resistance and earth pressure, and to place those in
Informative Annexes. The sources of these calculation
models have been traced by Orr (2008). The UK NA to EN
1997-1 states that the Informative Annexes, and hence the
calculation models in them, ‘may be used’ when carrying
out geotechnical designs to BS EN 1997-1. Alternative cal-
culation models to those given in the Informative Annexes,
for example based on existing practice, may be used if the
designer can demonstrate that they provide designs that
are at least as reliable as those obtained using the calcula-
tion models in the Annexes. An example of a situation
where an alternative model may be used is indicated by the
following statement from the UK NA to EN 1997-1 concern-
ing the bearing resistance equation in Annex D:

Annex D omits depth and ground inclination factors which
are commonly found in bearing resistance formulations. The
omission of the depth factor errs on the side of safety, but
the omission of the ground inclination factor does not. An
alternative method to BS EN 1997-1:2004, Annex D, in-
cluding the depth and ground inclination factors as appro-
priate, may be used.

Since BS EN 1997-1 has been published in the UK as the
British Standard for geotechnical design, it has superseded
most of the former geotechnical British standards. As Euro-
code 7 provides a broad overall framework for geotechnical
design, and does not provide many calculation models,
some of the guidance for construction and calculation mod-
els included in these former standards that are not in BS EN
1997-1 may be used when designing to Eurocode 7, be-
cause the UK NA to BS EN 1997-1 states that (with links for
the references added in brackets):

The following is a list of references that contain non-
contradictory complementary information for use with BS
EN 1997-1:2004: BS 1377 (BSI, 1990), BS 5930 (BSI,
1999), BS 6031 (BSI, 2009b), BS 8002 (BSI, 1994), BS
8004 (BSI, 1986), BS 8008 (BSI, 1996), BS 8081 (BSI,
1989), PD 6694-1 (BSI, 2011b), CIRIA C580 (Gaba et al.,
2003), UK Design Manual for Roads and Bridges (Highways
Agency, 2011). It should be noted that if any parts of these
references is in conflict with BS EN 1997-1:2004, then, until
such time as revised residual documents are published, the
Eurocode takes precedence.

However, because most of the superseded BSs are no
longer being maintained and updated by BSI, designers
should be wary of referring to them. An example of where
designers should be wary of referring to these standards is
given in Section 7 in connection with the use of Ciria C580
for the design of retaining walls. Most other European coun-
tries have considered it necessary to prepare supporting
documents that provide non-conflicting complementary
information (NCCI), including detailed calculation models
for designs to Eurocode 7.

3. Eurocode terminology

Since Eurocode 7 is one of the suite of structural Eurocodes
that are harmonised not only across the different design
materials, such as concrete, steel and soil, but also across
the different countries in Europe, one effect of the imple-
mentation of Eurocode 7 has been the introduction of the

Eurocode terminology into geotechnical design, which can
appear strange initially to those from an English-speaking
background. Examples of this terminology are as follows.

Action, which is defined in EN 1990 §1.5.3.1 as: ‘(a) Set
of forces (loads) applied to the structure (direct actions);
(b) Setof imposed deformations or accelerations caused,
for example, by temperature changes, moisture varia-
tion, uneven settlement or earthquakes (indirect ac-
tions)’. EN 1997-1 §1.5.2.1 defines a geotechnical action
as an ‘action transmitted to the structure by the ground,
fill, standing water or ground-water’; hence the forces
due to earth and water pressures are examples of ac-
tions. In defining actions in geotechnical design, the ear-
lier ENV version of Eurocode 7 (CEN, 1994) stated that
‘For any calculation the values of actions are known
quantities. Actions are not unknowns in the calculation
model.’

Resistance, which is defined in EN 1990 §1.5.2.15 as the
‘capacity of a member or component . . . to withstand
actions without mechanical failure’. EN 1997-1 §1.5.2.7
includes ‘resistance of the ground’ as an example of a
resistance in geotechnical design. Hence, in designs to
Eurocode 7, the resistance of the ground is the maxi-
mum resisting force provided by the ground when its
strength is fully mobilised. In the design of a footing or a
pile, for example, this resistance was previously referred
to as the bearing capacity.

Weight density, which is the term used in the Eurocodes
for the weight per unit volume of a material - that is,
kN/m3 - which traditionally was referred to as the unit
weight.

Since earth pressures, which involve soil strength, are ac-
tions according to the definition given above, and because
soil is a frictional material, resistances are often functions
of effective stresses - that is, of actions — Eurocode 7 does
not always explicitly state whether a particular force is an
action or a resistance, for example the passive pressure on
a retaining structure. This has given rise to different inter-
pretations of Eurocode 7 (Bond and Harris, 2008; Smith
and Gilbert, 2011a) and has affected the ways in which
partial factors are applied, as discussed in Section 6.

4. Assumptions in Eurocode 7

To achieve designs with the required safety, serviceability
and durability, the provisions in Eurocode 7, like those in
the other Eurocodes, are based on the following assump-
tions, given in Application Rule §1.3(2) in EN 1997-1.

- Data required for design are collected, recorded and in-
terpreted by appropriately qualified personnel;

- Structures are designed by appropriately qualified and
experienced personnel;

- Adequate continuity and communication exist between
the personnel involved in data-collection, design and con-
struction;

- Adequate supervision and quality control are provided in
factories, in plants, and on site;

- Execution is carried out according to the relevant stan-
dards and specifications by personnel having the appro-
priate skill and experience;

- Construction materials and products are used as specified
in this standard or in the relevant material or product
specifications;

- The structure will be adequately maintained to ensure its
safety and serviceability for the designed service life;
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- The structure will be used for the purpose defined for the
design.

Three of the above assumptions refer to the personnel in-
volved in the different aspects of the geotechnical design
process as being ‘appropriately qualified’ or having ‘appro-
priate skill and experience’. These are important assump-
tions, which, when fulfilled, should ensure the reliability and
safety of geotechnical designs. The competences required
by those involved in geotechnical investigations and testing
are identified in the CEN and ISO (International Standards
Organisation) Technical Specification CEN ISO/TS 22475-
2:2006 Qualification criteria for enterprises and personnel,
which has been published as BS 22475-2 (BSI, 2011c). A
Technical Specification (TS) is a normative document that
has not yet received sufficient agreement for publication as
a European standard, but is published in anticipation of
future harmonisation. It may be adopted as a national
standard, but conflicting national standards may continue
to exist.

Since no register of appropriately qualified and experienced
geotechnical personnel existed in the UK when Eurocode 7
was published, the Institution of Civil Engineers (ICE), the
Institute of Materials, Minerals and Mining (IoM3) and the
Geological Society London (GSL) sponsored, under the
leadership of the British Geotechnical Association (BGA) and
on behalf of the Ground Forum, the development of the UK
Register of Ground Engineering Professionals (RoGEP). The
Ground Forum is the ‘umbrella’ body for the UK ground
engineering sector, and brings together the learned socie-
ties and trade associations that collectively represent most
of the construction-related ground engineering disciplines,
and gives the industry a single voice. Further information
about the Ground Forum can be found online at
www.ground-forum.org.uk. The aim of RoGEP, which was
established in June 2011, is to provide external stake-
holders, including clients and other professionals, with a
means to identify individuals who are suitably qualified and
competent in ground engineering. Ground engineering is
defined by the Ground Forum as

an understanding of geological structures, materials and
processes, combined with the systematic application of in-
vestigative, scientific and engineering techniques to pro-
duce practical solutions to ground related issues for the
benefit of society.

RoGEP registrants may be consultants, contractors, from
public bodies or academia. These individuals may be in-
volved in various disciplines or on various projects that fall
under the broad heading of ground engineering. They must
have an appreciation of other disciplines and interests that
extend beyond, but interface with, ground engineering, and
must be able to demonstrate how ground engineering in-
teracts with other technical professions. Chartered mem-
bership of the ICE, IoM® or GSL is required for acceptance
to RoGEP. The benefits of the Register are that it provides
the public and clients assurance that the registrant has
achieved a recognised competence standard through a rig-
orous assessment process, and is committed to continuing
professional development (CPD). Further information about
RoGEP and how to register is available on-line at
www.ukrogep.org.uk.

The list of aspects covered by the above assumptions is
very comprehensive, ranging from the collection of data
and communication, through the design and construction
aspects, to maintenance of the completed structure. Com-
pliance with these assumptions should have the effect of
improving the safety and reliability of geotechnical designs.
The assumption that adequate continuity and communica-
tion exist between the personnel involved in the different
aspects and stages of a geotechnical project is a particu-
larly important assumption with regard to achieving the
required safety of geotechnical designs. To ensure that the

assumptions are complied with, Application Rule §1.3(3)
states that ‘compliance with them should be documented,
e.g. in the Geotechnical Design Report’. The need to pro-
duce a Geotechnical Design Report, with all the geotechni-
cal and other data, design calculations, drawings and rec-
ommendations and items to be checked during construction
or requiring maintenance, is an important effect of the in-
troduction of Eurocode 7. To ensure that the structure is
adequately maintained, Principle §2.8(6)P states that ‘An
extract from the Geotechnical Design Report, containing the
supervision, monitoring and maintenance requirements for
the completed structure, shall be provided to the owner/
client.”

5. Geotechnical investigations and testing to Euro-
code 7

Unlike structural design using manufactured materials, the
geotechnical design process set out in Eurocode 7 involves
first determining the soil parameter values from geotechni-
cal investigations and field and/or laboratory tests, and
then selecting characteristic values of soil parameters for
use in design before carrying out any design calculations.
EN 1997-1 requires in section 3.4.1(1)P that the results of
the geotechnical investigation and tests be compiled in a
Ground Investigation Report, which forms part of the Geo-
technical Design Report. Part 2 of Eurocode 7, EN 1997-2,
provides the requirements for ground investigations and the
derivation of parameter values from soil tests, and refers to
a number of European standards, prepared by CEN and/or
by ISO, for carrying out geotechnical investigations and
some common field and laboratory tests. These standards,
together with some that are still being developed, are listed
in Table 1, and more information about them is provided by
Orr (2012a). Once a CEN standard has been approved by
the CEN members and published as an EN, it must then be
published as a national standard. For example, in the UK it
is published by BSI as a BS, and supersedes any existing
British Standards covering the same topic; the relevant
existing BSI test standards will therefore be progressively
withdrawn as more ENs are published. Thus the introduc-
tion of Eurocode 7 has had the effect of introducing as cur-
rent BSs many new European standards for geotechnical
investigations and testing, where a current BS is a docu-
ment that is deemed to represent what is accepted good
practice at present, as followed by competent and conscien-
tious practitioners.

As many of these standards for geotechnical investigations
and testing have more stringent requirements than the
existing standards for the checking of test equipment and
performing the tests, they should result in improved geo-
technical investigations and the obtaining of more reliable
parameter values. An example of this is the standard for
the standard penetration test, BS EN ISO 22476-3 (BSI,
2005), which partially replaces BS 5930:1999+A2:2010
(BSI, 1999) and Part 9: In-situ tests of BS 1377 (BSI,
1990). As noted by Hepton and Gosling (2008), this stan-
dard has new requirements for hammer energy calibration
and documented equipment checks that will have to be
actioned, but otherwise does not provide any major issue
for UK practice.

The new standards for describing and classifying soil are BS
EN ISO 14688-1:2002 Identification and description (BSI,
2002) and BS EN ISO 14688-2:2004 Classification princi-
ples (BSI, 2006). These standards are referred to in the
revised version of BS 5930 (1999) with Amendment 1 (pri-
marily to Section 6: Description of soil and rock), which
removes text of BS 5930 superseded by BS EN ISO 14688-
1:2002, BS EN ISO 14688-2:2004 and BS EN ISO 14689-
1:2003 (BSI, 2004a), and makes reference to the relevant
standard for each affected subclause. The new standards do
not provide much detailed guidance on the description and
classification of soils, and therefore BS 5930 has been re-
vised to provide non-conflicting complementary information
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Table 1. CEN/ISO standards for geotechnical investigation and testing

CENASO Ref.  Subject Status

Identification and classification of sail

14688-1 Soil identification and description Current BS

14688-2 Soil classification Current BS
Identification and classification of rock

14689-1 Rock identification and description Current BS

Laboratory testing of soil

17892-1 Water content Mot implemented in UK
17892-2 Density of fine-grained soil Mot implemented in UK
17892-3 Particle density — pycnometer method Mot implemented in UK
17892-4 Particle size distribution Mot implemented in UK
17892-5 Incremental loading cedometer test Mot implemented in UK
17892-6 Fall cone test Current DD

17892-7 Unconfined compression test on fine-grained soils Mot implemented in UK
17892-8 Unconsolidated undrained triaxial test Mot implemented in UK
17892-9 Consolidated triaxial compression tests on water-saturated soils Mot implemented in UK

17892-10 Direct shear tests

Mot implemented in UK

17892-11 Permeability determination by constant and falling head Mot implemented in UK

17892-12 Atterberg limits
Geohydraulic testing

Mot implemented in UK

22282-1 General rules Under development
22282-2 Water permeability tests in a borehole without packer Under development
22282-3 Water pressure tests in rock Under development
22282-4 Fumping tests Under development
22282-5 Infiltrometer tests Under development
22282-6 Water permeability tests in a borehole using closed systems Under development
Sampling methods and groundwater measurements

22475-1 Technical principles for execution Current BS

22475-2 Qualification criteria for enterprises and personnel Current BS

22475-3 Conformity assessment of enterprises and personnel by third party Current BS

Field testing

22476-1 Electrical cone and piezocone penetration tests Under development
22476-2 Dynamic probing Current BS
22476-3 Standard penetration test Current BS
22476-4 Ménard pressuremeter test Under development
22476-5 Flexible dilatometer test Under development
22476-6 Self-boring pressuremeter test Under development
22476-7 Borehole jack test Under development
22476-8 Full displacement pressuremeter test Under development
22476-9 Field vane test Under development
22476-10 Weight sounding test Fublished by CEN as TS but not listed by BSI
22476-11 Flat dilatometer test Current DD
22476-12 Mechanical cone penetration test (CPFTM) Current BS

22476-13 Plate loading test
Testing of geotechnical structures

224771 File load test by static axially loaded compression
22477-2 File load test by static axially loaded tension test
22477-3 Pile load test by static transversely loaded tension test
22477-4 Pile load test by dynamic axially loaded compression t
24777-5 Testing of anchorages

22477-6 Testing of nailing

22477-7 Testing of reinforced fill

(NCCI) for describing and classifying UK soils. The revised
version of BS 5930 states that Informative Annex B of BS
EN ISO 14688-2, which provides an example of a soil clas-
sification based on grading alone, is not preferred in UK
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Under development

Under development
Under development
Under development
est Under development
Under development
Under development
Under development

practice, as it takes no account of plasticity or water con-
tent. This is particularly relevant for certain soils, such as
some glacial tills, which can behave as fine soils but, based
on grading alone, would be classified as coarse soils accord-




ing to Appendix B of BS EN ISO 14688-2. An example of a
potential problem with describing and classifying soils to EN
ISO 14688 rather than a national standard occurs in Fin-
land. The former Finnish standard for soil description used
the letters Sa for clay, which is savi in Finnish, whereas EN
14688 uses Sa for sand and Cl for clay. Thus there is po-
tential for confusion, for example when reading borehole
logs, unless it is clear which standard is being used.

EN 1997-2 states that the strength and compressibility of
soil can only be determined from tests carried out on qual-
ity class 1 samples obtained using category A sampling
methods. The standard for soil sampling, EN ISO 22475-1,
specifies the quality classes of samples required to obtain
particular soil parameters from laboratory tests and the
sampling method category required to obtain a particular
quality class. While quality class 1 samples may be readily
obtained in homogeneous and fine-grained soils using thin-
walled samplers, Taylor et al. (2011) have pointed out that
thin-walled samplers can prove to be totally ineffective for
obtaining quality class 1 samples in certain soils, such as
glacial tills, that include coarse particles. Hence if quality
class 1 samples cannot be obtained, either because suitable
equipment is not available or because the soil is too coarse,
they recommend that use be made of alternative equip-
ment and, in accordance with EN 1997-1 §1.5.2.2, account

be taken of comparable experience and the quality of the
samples when selecting the parameter values for design
calculations.

The CEN standards for determining, presenting and evalu-
ating parameters from laboratory tests - that is, the 12
parts of 17892 listed in Table 1 - have been published by
CEN and ISO as Technical Specifications (CEN ISO/TSs),
and are referred to in EN 1997-2. The UK NA to EN 1997-2
(BSI, 2009a) states that laboratory tests should continue to
be carried out using parts of BS 1377 (BSI, 1990), since
the parts of CEN ISO/TS 17892 have not been implemented
in the UK, except for Part 6 on the strength index testing of
soil using the fall cone test. This is the only one of the labo-
ratory test TSs to be used in the UK, because it has been
published by BSI (2010a) as the Draft for Development DD
CEN ISO/TS 17892-6 (a Draft for Development in this con-
text is a document published to adopt a CEN ISO/TS before
it can be published as a BS). In addition to the European
standards for geotechnical investigations and testing, CEN
has published the 12 ENs for carrying out geotechnical work
(i.e. execution standards) shown in Table 2, some of which
are referred to in EN 1997-1 and all of which have also
been published as British Standards - for example BS EN
1536 (BSI, 2010b), the standard for the execution of bored
piles.

Table 2. CEN/ISO standards for the execution of special geotechnical works

CEMASO Ref. Subject Status

1536 Bored piles Current BS

1537 Ground anchors Current BS. Under revision
1538 Diaphragm walls Current BS

12063 Sheet pile walls Current BS

12699 Displacement piles Current BS

12715 Grouting Current BS

12716 Jet grouting Current BS

14199 Micropiles Current BS

14475 Reinforced fill Partially supersedes BS 8006:1995
14679 Deep mixing Current BS

14731 Ground treatment by deep vibration Current BS

14430 Soil nailing Current BS

15237 Vertical drainage Current BS

With the introduction of many new European standards for
geotechnical investigations and testing, the question arises
as to whether it can be claimed that a geotechnical design
is in accordance with Eurocode 7 if the geotechnical investi-
gations and testing are not wholly in accordance with EN
1997-2 and the new European standards for testing. In
Section 3: ‘Geotechnical data’ of EN 1997-1, §3.1(4), which
is an Application Rule, states that ‘requirements for labora-
tory and field testing should be taken from EN 1997-2'.
However, as noted above in Section 2, it is permissible to
use alternative rules for laboratory and field testing to
those given in EN 1997-2 and in the standards referred to
in EN 1997-2, provided the alternative rules accord with the
relevant Principles and are at least equivalent with regard
to the structural safety. Therefore, in this situation, while a
design could not be claimed to be wholly in accordance with
EN 1997-1, it could be claimed to be in accordance with the
Principles of Eurocode 7.

6. Features of geotechnical designs to Eurocode 7
6.1 Challenges in geotechnical design

The three challenges that faced the drafters of Eurocode 7
(Orr, 2006), and now affect those carrying out geotechnical

designs to Eurocode 7, are that geotechnical designs have
to

be consistent with the basis of design set out in EN 1990
take account of the special features of soil
be acceptable to the geotechnical community.

The basis of design set out in EN 1990 for the harmonised
suite of Eurocodes, including Eurocode 7, is the limit state
concept used in conjunction with partial factors. While the
limit state design concept with partial factors has been used
for many years for the design of structures, it has not been
used much for geotechnical designs, either in the UK or in
the rest of Europe. In adapting this limit state concept for
geotechnical design, the following special features of soil
have had to be taken into account.

Soil is a frictional material, and hence, as noted above,
soil resistance is a function of the normal effective stress
due to the soil weight as well as the soil strength. Thus
the weight of soil, as well as being a direct disturbing
force and giving rise to earth pressure forces, can at the
same time also be a component of the resistance. Con-
sequently, care is needed when factoring the forces due
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to soil weight. Some issues that have arisen when fac-
toring soil weight and earth pressures are discussed in
Sections 6.6 and 7.

The forces due to water pressures need to be taken into
account and factored consistently with the forces due to
soil weight. How to factor water pressures is an aspect
that has caused some difficulties, as outlined in Section
7.

Soil is not homogeneous, and its properties vary over
the zone of soil involved in a particular limit state, for
example along a failure surface. Therefore the definition
in EN 1990 of the characteristic value being the 5% frac-
tile of a set of test results is not appropriate for geotech-
nical design. Instead, EN 1997-1 states that the charac-
teristic value of a geotechnical parameter shall be se-
lected as ‘a cautious estimate of the value affecting the
occurrence of the limit state’, so that the geotechnical
designer is responsible for selecting the values of pa-
rameters for use in design calculations. Hence it should
be noted that, when designing to Eurocode 7, there is no
such thing as a single characteristic value of a geotech-
nical property, since the value selected will depend on
the limit state being considered. This definition for the
characteristic value is a change from previous practice,
where generally the values of soil parameters for use in
geotechnical design were not defined in the code of prac-
tice but were provided by those who carried out the geo-
technical investigation without any reference to the de-
sign situation or relevant failure mechanism. Orr (2012b)
carried out a questionnaire survey of the national repre-
sentatives from some countries on the CEN subcommit-
tee TC250/SC7 responsible for the development of Euro-
code to investigate experiences with the use of Eurocode
7 in Europe. Surprisingly it was found that, largely for
indemnity reasons, characteristic soil parameter values
in some countries are still provided by those carrying out
the geotechnical investigation rather than being selected
by those responsible for the geotechnical design. An-
other change from existing practice, which could cause
misunderstanding, is that the unfactored soil parameters
values provided by geotechnical investigations for use in
geotechnical designs were previously called design val-
ues, whereas in Eurocode 7 design values are the fac-
tored soil parameters values used in design calculations,
and are obtained by applying partial factors to character-
istic values.

6.2 Limit state design method

The limit state design method in Eurocode 7 normally re-
quires that separate calculations be carried out to check
that the occurrence of an ultimate limit state (ULS) and a
serviceability limit state (SLS) are sufficiently unlikely. A
consequence of this is that designs to Eurocode 7 require
that more attention than heretofore be given to the predic-
tion of foundation settlements and ground movements.
Hence there is a need for reliable geotechnical investiga-
tions and testing methods to determine soil stiffness and
compressibility parameters, and for improved methods to
calculate deformations. Also, there is a need for good com-
munication with structural engineers regarding the effects
of ground deformations and soil-structure interaction on
structures, and regarding the deformations that are accept-
able. However, with regard to the prediction of settlements
of spread foundations, geotechnical engineers should note
the following caution provided in EN 1997-1 8§6.6.1(6):
‘Calculations of settlements should not be regarded as ac-
curate. They merely provide an approximate indication.’

Eurocode 7 requires that, where relevant, the following five
different types of ULS should be considered and separate
sets of partial factors are provided for each type:

- Loss of equilibrium of the structure or the ground, con-
sidered as a rigid body, in which the strengths of struc-
tural materials and the ground are insignificant in provid-
ing resistance (EQU);

- Internal failure or excessive deformation of the structure
or structural elements, including e.g. footings, piles or
basement walls, in which the strength of structural mate-
rials is significant in providing resistance (STR);

— Failure or excessive deformation of the ground, in which
the strength of soil or rock is significant in providing re-
sistance (GEO);

— Loss of equilibrium of the structure or the ground due to
uplift by water pressure (buoyancy) or other vertical ac-
tions (UPL);

- Hydraulic heave, internal erosion and piping in the ground
caused by hydraulic gradients (HYD).

In the case of a GEO ULS, Eurocode 7 requires that the
following inequality — that is, static equilibrium - be verified

1: Eq < R4

where Eq4 is the design action effect and Ry is the design
resistance. As noted above, since soil is a frictional mate-
rial, Eq4 and Ry are each functions of both the actions and
the soil strength, as well as being functions of the geome-
try.

6.3 Design approaches

To take account of the special features of soil, and also to
accommodate the different design traditions and views in
Europe on how partial factors should be applied in geotech-
nical design, the following three design approaches (DAs)
have been introduced

DA1 with partial factors applied in separate combinations
either to just the actions (DA1.C1) or to the material
properties and the variable actions (DA1.C2)

DA2 with partial factors applied to the resistances and to
the actions or action effects

DA3 with partial factors applied to both the actions and
the material properties.

Table 3 shows which design approach or approaches have
been adopted by the various CEN member countries for
different types of geotechnical design; the countries are
identified by abbreviations. The information in Table 3,
which is based mainly on Bond and Harris (2008) and up-
dated by the author, indicates that DA1 has been adopted
by the UK and five or six others of the 33 CEN member
countries for all types of geotechnical design. As Table 3
shows, the majority of the countries have adopted DA2 for
the design of spread foundations, pile foundations and re-
taining structures, and DA3 for the design of slopes. Many
countries have adopted DA2* for the design of spread
foundations, with the * indicating that partial factors are
applied to the action effects rather than to the actions.
Some countries allow the use of two design approaches for
some designs; this is mainly to allow the use of DA3 with
material factoring in numerical analyses as an alternative to
DA2 with resistance factoring. Two countries, the Czech
Republic and Ireland, permit the use of any one of the three
design approaches, although it is being proposed in the
Czech Republic only to permit the use of one design ap-
proach for any design situation, generally DA1, but with
DA2 for piles and anchors, and DA3 for slopes. The design
approaches given for Switzerland (CH) in Table 3 indicate
how partial factors are generally applied in that country
since Eurocode 7 has not yet been implemented there in its
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Table 3. Selection of design approaches by CEN member countries

Type of DAY DA2 DA3 DAY, Mot known
design DAZ or
DA3
Daz DA2*
Spread B, IS, I, LT, F EST A, CR, CY, D, E, FIN, CH, DK, F, N, CZ, IRL BU, L, LV,
foundations P, RO, UK GR, H, |, PL, SK, SLO ML, 5 ME, MT, TU
File B, I,LT,P, A, CH, CR, C¥, D, DK, E, EST, F, ML, S CZ, IRL BU, L, LV,
foundations RO, UK FIN, GR, H, I, 15, N, PL, 5, 5K, 5LO ME, MT, TU
Retaining B,I51, A, CH, CR, CY, D, E, EST, F, FIN, A, DE, F. N, ML, CZ, IRL BU, L, LV,
structures LT, P, UK GR, H, I, PL, 5K, 5LO RO, 5 ME, MT, TU
Slopes B, IS, EST, FEF A, CH, CR, CY, D, CZ,IRL BU, L, LV,
LT, P, UK DK, E, F, HN, GR, ME, MT, TU

H, I, N, ML, PL, RO,

S, SK, 5LO
Overall 6-7 2-19 2-19 2 6

Mote: A = Austria; B = Belgium; BU = Bulgaria, CH = Switzerland; CR = Croatia; CZ = Czech Republic; CY = Cyprus; D = Germany,
DK = Denmark; E = 5pain; EST = Estonia; F = France; FIN = Finland; GR = Greece; H = Hungary; | = [taly; IRL = Ireland; |5 = lcaland;
L = Luxembourg; LI = Lithuania; LV = Latvia; MK = The Former Y ugoslav Republic of Macedonia; MT = Malta; N = Norway; NL = the
Metherlands; P = Poland; PL = Portugal, RO = Romania; S = Sweden; 5K = Slovakia; SLO = Slovenia; TU = Turkey, UK = UK.

original form with design approaches. The design ap-
proaches and different NDP values adopted by the different
countries reflect to a large extent the different geotechnical
design practices in these countries. However, both the
Commission and CEN wish to see more harmonisation in
the application of the Eurocodes, and therefore, in the fur-
ther development of Eurocode 7 and the other Eurocodes,
they are seeking a reduction in the number of design ap-
proaches, particularly in the number of partial factors used,
and more agreement regarding the values of the NDPs.

DA1 has the advantage that, as the partial factors are ap-
plied to the actions and the soil strength, they are applied
closer to the source of the uncertainties than in DA2, where
the partial factors are applied to the resistances. Another
advantage of DA1 is that it is easier to use in finite-element
analyses. Furthermore, using DA2 and applying partial fac-
tors to resistances can cause confusion and unexpected
results. For example, the following equation for the
undrained bearing resistance of a spread foundation is
given in EN 1997-1

2: R/A"=(n+2)c,Scicbc+q

where A’ is the effective foundation area; c, is the un-
drained shear strength; s, ic and b. are dimensionless fac-
tors for the shape of the foundation base, the inclination of
the load and the inclination of the base respectively; and q
is the surcharge or overburden pressure due to the soil
weight at the level of the foundation base. Thus the force
due to the surcharge, A’q, is included as a component part
of the resistance, although it could also be considered as a
favourable action. This does not cause any problem in DA1,
since partial factors are applied to soil strengths and ac-
tions, and the partial factors on favourable actions and re-
sistances are always unity. However, as partial factors are
applied to actions and resistances in DA2, A’q could be fac-
tored in a number of different ways, including being fac-
tored twice if it is treated both as an action and as a part of
the resistance, although normally parameters are not dou-
bly factored in designs to Eurocode 7. The reason why
problems do not normally occur when using DA2 and fac-
toring the resistances is that, as noted in Section 2, most of
those countries that have adopted DA2, such as Germany,
also have accompanying non-conflicting complementary
information, such as national standards and guidance
documents (e.g. DIN, 2012) that provide detailed calcula-
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tion models which prescribe how the partial factors are to
be applied. The design of retaining structures to Eurocode 7
is another situation where, as noted by Markham (2012),
there can be uncertainty as to whether forces, in this case
earth pressure forces, are to be treated as actions or resis-
tances. This is discussed in Section 7.

The design of piles to Eurocode 7 is a topic that has given
rise to much discussion and debate, and has resulted in
some changes to design practice. EN 1997-1 places great
emphasis on pile load tests to validate pile designs, and has
introduced § factors applied to pile load test results to de-
termine the characteristic pile resistance. These provide
higher - that is, more optimistic and hence more economic
— characteristic pile resistances when more pile load tests
are carried out. Owing to the uncertainties in calculating
pile resistance from soil parameter values, partial factors
are applied to pile resistances rather than to soil strengths
in DA1 as well as in DA2. Also, as described by Bond and
Simpson (2009, 2010) and by Vardanega et al. (2012),
model factors have been introduced in the UK NA to EN
1997-1, so that the overall safety level of pile designs to
Eurocode 7 is similar to former practice, and the occurrence
of an SLS as well as a ULS is sufficiently unlikely. This is in
accordance with the note to EN 1997-1 §7.6.4.1(2), which
states: ‘For piles bearing in medium-to-dense soils and for
tension piles, the safety requirements for the ultimate limit
state design are normally sufficient to prevent a serviceabil-
ity limit state in the supported structure.’

6.4 Finite-element analyses and Eurocode 7

The use of finite-element analyses for geotechnical designs
to Eurocode 7 is another area that has given rise to some
discussion and developments. Potts and Zdravkovic (2012)
have outlined two possible approaches to carrying out nu-
merical analysis for DA1. Their approach 1 is to start the
numerical analysis with unfactored strength values, and
gradually reduce the strength at relevant stages until fail-
ure occurs. The advantage of this approach is that a single
analysis is used to investigate both SLS and ULS. The dis-
advantages are that inconsistent strength reduction ap-
proaches are used in different software, and that some
software can perform such reductions only if simple consti-
tutive models are used. Their approach 2 is to start the
numerical analysis with factorised strength values and con-
tinue until failure occurs. The advantages of this approach
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are that it is the easier alternative, no software modification
is needed, and it can be used with most constitutive mod-
els. The disadvantages are that the initial stresses may not
be consistent with those in situ, and an additional analysis
is needed to investigate serviceability. Smith and Gilbert
(2011a, 2011b) have presented a general numerical
method that includes the use of action and resistance fac-
tors to analyse the stability of different structures. Building
on this work, Smith (2012) has presented a simple but
theoretical framework that should underpin ultimate limit
state design and permit the definition of a rigorous and
consistent methodology for the application of partial fac-
tors.

7. Experiences and problems with the implementa-
tion of Eurocode 7

A workshop on experiences with the Implementation of
Eurocode 7 was held during the European Conference on
Soil Mechanics and Geotechnical Engineering in Athens in
2011, and Orr (2012b) has summarised the presentations
at this workshop. Dr C. Smith (University of Sheffield) re-
ported that Eurocode 7 is being used continuously in the UK
by larger consulting firms, but probably less so by very
small firms. He also said that, although there had been a lot
of critical debate during the development of Eurocode 7,
BSI has received very few criticisms since it was published,
and most users now commented favourably on it. Dr T. Orr
(Trinity College Dublin) reported on its implementation in
Ireland. He carried out a questionnaire survey of the main
geotechnical engineers in Ireland and found that, although
they initially thought Eurocode 7 was not easy to use, once
familiar with it, they now have no difficulty using it, al-
though they do find it more complicated than the traditional
design method. Based on the survey of the national repre-
sentatives from some countries on the CEN subcommittee
TC250/SC7, referred to in Section 6, Orr (2012b) reported
similar findings about the effects of implementing Eurocode
7 in those European countries.

At the workshop in Athens, Smith gave an example of
where there could be confusion in implementing Eurocode 7
(Orr, 2012b). This example was the design of the Bahrain-
Qatar causeway bridge, one of the world’s longest bridges;
because it is a structure outside Europe being designed to
the Eurocodes by an international team, the question arose
regarding which NAs and what partial factor values to use.

How to design retaining structures to Eurocode 7 has given
rise to some discussion, for example in the paper by Mark-
ham (2012) on the design of temporary excavation support
to Eurocode 7. The first difficulty that Markham mentions is
that, where suitable geotechnical investigation data are not
available he says, it is not possible to carry out a temporary
design to Eurocode 7. This is not strictly so, however, be-
cause a design can be carried out in accordance with the
Principles of Eurocode 7, but the designer would need to
use comparable experience to select appropriately cautious
characteristic parameter values and, as noted in Sections 2
and 5, could not claim the design to be wholly in accor-
dance with EN 1997-1.

A second difficulty mentioned by Markham (2012), which
arises because Eurocode 7 does not provide a detailed
method for the design of retaining structures, is that the
method in Ciria report C580 (Gaba et al., 2003) for the
design of temporary retaining walls is not compatible with
EN 1997-1, and he found that it produces designs with
overall safety factors that are considerably less than rec-
ommended in Ciria C580. Roscoe (2012) has expressed
surprise at this finding, and states that it may be due to the
way the partial factors were applied. Also, as noted in Sec-
tion 2, engineers should be wary of referring to documents
that are not consistent with EN 1997-1. Simpson (2005)
examined the design of retaining walls to Eurocode 7 by
engineers from a number of different countries, and found

that the results of the calculations were within the range of
results from national standards, which should allay the con-
cern expressed by Beal (2012) in his discussion on Mark-
ham (2012) about designs to Eurocode 7 and existing prac-
tice giving different results. More guidance is clearly re-
quired on the design of retaining structures to Eurocode 7,
for example by a revision of Ciria C580.

Another problem mentioned by Markham (2012) is how to
treat and factor the earth pressures around a retaining wall,
which are both unfavourable and favourable, providing a
disturbing force and a resistance, and change from active to
passive close to the toe. EN 1997-1 does not provide spe-
cific guidance on how earth pressures should be treated or
factored; that depends on the design approach adopted.
According to §2.4.2(4), earth pressures - that is, both ac-
tive and passive - should be considered for inclusion as
actions, and the note to §2.4.2(9)P states that:

Unfavourable (or destabilising) and favourable (or stabilis-
ing) permanent actions may in some situations be consid-
ered as coming from a single source. If they are considered
so, a single partial factor may be applied to the sum of
these actions or to the sum of their effects.

This is the single-source principle. As Roscoe (2012) notes
in his discussion contribution on Markham, neither EN
1997-1 nor the UK NA to EN 1997-1 describes these situa-
tions, and hence guidance is needed. The single-source
principle should be used in DA1, with both the active and
passive pressures treated as actions and the same partial
factor for unfavourable actions applied to both, since the
overall effect of the actions is unfavourable. This partial
factor should not be applied to the net total pressure, be-
cause, as noted by Roscoe, this is indeed fraught with diffi-
culties. Applying a single partial factor to all the earth pres-
sures avoids any confusion due to pressures changing from
active to passive near the toe. However, it has the conse-
quence in DA1.C1, when neither the soil strength nor the
resistance is factored, that factoring only the earth pressure
forces on opposite sides of the wall by the same amount
provides no margin of safety. Hence, in DA1, the design of
the wall length is determined by DA1.C2, because in this
case the partial factor applied to the soil strength increases
the active pressure and reduces the passive pressure, thus
providing the required margin of safety. The partial factor
on unfavourable actions in DA1.C2 is unity so that, as noted
in Section 6.3, double factoring does not occur. In contrast,
in DA2, the active pressure is treated as an unfavourable
action and the passive pressure is treated as a resistance,
with appropriate partial factors applied to these.

Beal (2012) in his discussion on Markham (2012) notes
that, considering the problems that arose when partial fac-
tors were introduced into structural design, it may take
time to reconcile partial factors with the complexity of geo-
technical design. An aspect of geotechnical design where
the application of Eurocode 7 and partial factors has proved
challenging, and has caused much discussion (e.g. Orr,
2005; Simpson et al., 2009), is how to select the design
values of water pressures for both uplift (UPL) and seepage
(HYD) ultimate limit states. According to §2.4.6.1(8): ‘De-
sign values of water pressures may be derived either by
applying partial factors to characteristic water pressures or
by applying a safety margin to the characteristic water
level.” A problem with factoring water pressures is that this
can result in water pressures that are unreasonable or not
physically possible, for example when factoring water pres-
sures behind a retaining wall. However, in the structural
design of retaining walls, water pressures are normally fac-
tored to obtain the design bending moments in the wall. In
effective stress analyses it is necessary to factor earth and
water pressures consistently, and if a partial action factor of
unity is applied to the unfavourable earth pressure, as in
DA1.C2, then the design water pressure should be obtained
by applying an appropriate safety margin to the character-
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istic water level. Another problem occurs in the case of
seepage around a wall. EN 1997-1 offers the following two
alternative equations (2.9a and 2.9b) for analysing this
situation, one comparing the design disturbing pore water
pressure, Ugsq, With the design stabilising total stress,
Osth;a, @and the other comparing the design seepage force,
Sast;a, With the stabilising submerged soil weight, G'sw;q

3: 2:9a : Udst;d < Ostb;d
4: 2:9b : Syst;a < Glstvya

It is not clear from EN 1997-1 how the partial factors
should be applied to the terms in these equations, and
quite different results can be obtained depending on how
the partial factors are applied. Further guidance is required
on how to handle water pressures, and this is being pre-
pared by one of the Evolution Groups mentioned in Section
8.

8. Future development of Eurocode 7

The chairman of CEN TC250/SC7, Dr Andrew Bond, carried
out a questionnaire survey in 2011 of the CEN members
and the geotechnical industry to find out what changes and
improvements to EN 1997 they would most like to see. He
presented the results of this survey at a Symposium on
Eurocode 7 held in Cambridge in May 2011, which was re-
ported by Spear and Selemetas (2011). The responses ob-

tained from the UK engineers given in Table 4 show that
the changes they considered to be the most important for
Eurocode 7 were to

add new parts to Eurocode 7 covering detailed design
(e.g. footings, walls, pile and slopes)

improve the general guidance on selecting characteristic
soil parameter values

improve the guidance on selecting water pressures

add new parts to Eurocode 7 covering reinforced soil

simplify and/or reduce the number of DAs.
Arising from this survey, and to prepare for the future de-
velopment of Eurocode 7, SC7 decided to establish the 15
Evolution Groups (EGs) to

examine the different aspects of Eurocode 7 and identify
issues causing concern or problems

make proposals that will serve as a sound basis on which
to prepare the next version of Eurocode 7

prepare model designs to Eurocode 7.

Table 4. Top five topics as voted by UK engineers

Rank Topic Percentage of respondents who
chose topic
1 Add new parts to Eurocode 7 covering detailed design {(e.g. footings, walls, pile 100
and slopes)
2 Improve general guidance on selecting characteristic soil parameter 94
3 Improve guidance on selecting water pressures 70
4 Add new parts to Eurocode 7 covering reinforced soil 59
5 Simplify/reduce number of DAs 43

The topics being addressed by the Evolution Groups, the
names of the convenors and their countries of origin are
given in Table 5. The proposed timetable for the develop-
ment of the Eurocodes is due to start with a formal review
of the existing standards in 2013, followed by the prepara-
tion of revised standards in 2015, and formal votes on the
revised versions in 2017, leading to publication and intro-
duction of the revised standards probably in 2020. Most of
the EGs have commenced their work, and are addressing
many of the issues that have been raised since Eurocode 7
was introduced. Eurocode 7 encourages the use of finite-
element analyses, although EN 1997-1 provides no guid-
ance on their use. Hence the work of EG4: Numerical
methods is important, as it is addressing the need for guid-
ance in the revised version of Eurocode 7 on the use of
numerical methods in geotechnical design (Lees, 2012). As
more geotechnical designs are based on finite-element
analyses, providing such guidance is likely to have a signifi-
cant effect on geotechnical design. For more information
about the Evolution Groups and their activities, readers
should visit the website
www.eurocode?7.com/sc7/evolutiongroups.html.

9. Conclusion

The main effects of the introduction of Eurocode 7 on geo-
technical design and its impact on the geotechnical profess-
sion have been to

harmonise geotechnical design with structural design
through the introduction of a common design method, a

common design language, and consistent safety re-
quirements and partial factors

provide a single code for all different types of geotechni-
cal structure, rather than a number of separate and dif-
ferent codes as formerly

provide a general framework for geotechnical design,
with many lists of items to be taken into account or con-
sidered, and no calculation models in the core text

provide a code that is flexible, not prescriptive, except
with regard to the requirements for safety, and through
the introduction of three Design Approaches has enabled
the use of either partial material factors or partial resis-
tance factors, and hence has accommodated different
national design practices and preferences in Europe

ensure the safety of geotechnical designs by covering all
aspects of geotechnical design, from initial geotechnical
investigations and soil testing through the design and
construction stages to the maintenance of the completed
structure

require the geotechnical designer to select the appropri-
ate values of soil parameters for use in particular geo-
technical design situations, rather than accept design
values provided by those involved in ground investiga-
tions

require good communication between the different per-
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Table 5. SC7 Evolution groups

Evolution group Topic Convenor {country of origin)

1] Management and oversight Andrew Bond (UK)

1 Anchors Eric Farrell (Ireland)

2 Maintenance and simplification Bernd Schuppener {Germany)

3 Model solutions Trevor Orr (Ireland}

4 Mumerical methods Andrew Lees (Cyprus)

5 Reinforced soil Martin Vanicek (Czech Republic)
& Seismic design Giuseppe Scarpelli (Italy)

7 File design Christian Moormann (Germany)
3 Harmonisation Andrew Bond (UK}

9 Water pressures Morbert Vogt (Gemany)

10 Calculation models Christos Vrettos (Greece)

11 Characterisation Lovisa Moritz (Sweden)

12 Tunnelling To be decided

13 Rock mechanics John Harrison (UK/Canada)

14 Ground improvement To be decided

Table 5. 5C7 Evolution groups

sonnel involved in geotechnical designs, for example by
requiring the preparation of a geotechnical design report

refer to many new European standards for geotechnical
investigation and testing, which generally have more
stringent requirements than the former standards, and
should improve the quality of geotechnical data and
hence the safety of geotechnical designs.

Although concerns and adverse comments were expressed
about Eurocode 7 before it was finalised, the results of a
questionnaire survey by the author and reports presented
at the workshop in Athens on experiences with its imple-
mentation in a number of European countries indicated
that, since it has been introduced, geotechnical engineers in
these countries have generally not had much difficulty ac-
commodating the necessary changes to geotechnical design
practices, and have commented favourably on it. However,
engineers have found some challenges in implementing
Eurocode 7: for example, how to carry out geotechnical
investigations that comply with Eurocode 7; how to select
characteristic values; how to factor water pressures; and
how to design reinforced earth structures. These and other
issues related to Eurocode 7 are being addressed through
the establishment of Evolution Groups to investigate them
and prepare proposals for future development, leading to a
planned revision of Eurocode 7, together with a revision of
the other Eurocodes.
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A Brief History of Geotextiles:
A 40-Year Update

Chris Kelsey

The discipline of geosynthetics began many years before it
had a name. The terms “geotextile” and “geosynthetics”
were not coined until Dr. J. P. Giroud used those terms in a
seminal paper and presentation at an engineering confer-
ence in Paris in 1977. The significance of that conference
led to it being known, after the fact, as the First Interna-
tional Conference on Geosynthetics (1 ICG).

This year, as Land and Water Magazine celebrates its 40th
anniversary, the 1983-founded International Geosynthetics
Society (IGS) will hold its 10th International Conference on
Geosynthetics, 21-25 September 2014 in Berlin, Germany.

But even before the term geotextile was proposed, the ma-
terials were being used in the field. The Dutch incorporated
geotextiles into the extraordinary Delta Works flood protec-
tion scheme in the early 1960s. This design, which helped
usher the international geosynthetics manufacturer Tencate
into the geosynthetics market, was a response to a deadly
North Sea flood in the Netherlands in 1953.

The utilization of geotextiles in the Delta Works engineering
response has been part of the system’s exceptional long-
term durability. The American Society of Civil Engineers
(ASCE) even honored the Delta Works as one of the Seven
Wonders of the Modern World.

Further to the early use of geotextiles, Prof. Georg Heerten
published an article in 1984 in the very first issue of the
renowned journal Geotextiles & Geomembranes. His topic:
“Geotextiles in coastal engineering—25 years experience.”

Prof. Heerten formerly held a key leadership position with
the manufacturer NAUE in Germany (which advanced geo-
synthetic clay liner materials through manufacturing inno-
vations with needlepunched nonwoven geotextiles). Today,
Professor Heerten is Chairman of the German Geotechnical
Society (DGGT), which is co-locating its 2014 biennial
“Baugrundtagung” (geotechnical conference) with the 10th
ICG in Berlin.

Suffice it to say, geotextiles have enjoyed a long history,
not only as “geotextiles” but under various names (e.g.,
“construction fabrics”) extending back well before they
were given a formal name.

Even Dr. Giroud was utilizing geosynthetics in designs years
before he had more engineering-specific names for them.
Eight years before the watershed moments at the Paris
conference, where the geosynthetics field would finally
transition towards a more unifying, forward-looking identity
in terminology, Dr. Giroud was working with geotextiles and
geomembranes as a practicing engineer. His early 1970s
work included a number of field firsts, such as the first use
of a double-liner system, the first use of a geotextile cush-
ion with a geomembrane, and the first use of a geotextile
for filtration and internal integrity of a dam embankment.

That dam—the 17 m high Valcros Dam in France—set the
stage for a number of important dam and embankment
designs that utilized geotextile filtration for long-term per-
formance.

Valcros Dam was constructed in 1970. It continues to per-
form well today.

EXPANDING FUNCTIONS

It is impossible to succinctly describe the last 40 years in
geotextiles, but their multi-functional utility cannot be over-
looked. Indeed, geosynthetics have extended into common
use in every major sector of civil engineering; but in nearly

all cases that inclusion of a geosynthetic, that exploration
and establishment of design, has been assisted by geotex-
tiles.

.

Geotextiles often enable or enhance the use of other geo-
synthetics. Here, a geotextile protection layer is installed
between a geomembrane and a drainage/venting geocom-
posite in a landfill capping system. Photo by Chris Kelsey.

Geosynthetics are function-specific materials. Geomem-
branes, for example, provide containment. Geogrids pro-
vide reinforcement. Geotextiles provide nearly everything:
filtration, drainage, separation, protection, reinforcement,
etc.

Contaminated or weak soils are separated from clean soils
by geotextiles. Wastewater soils, dredged spoils, and other
are dewatered and isolated for easy disposal through geo-
textile tubes. Soil containers constructed of geotextiles are
filled with local soils, sewn together, and installed along
waterways for erosion control and scour protection. Land-
fills utilize geotextile cushioning between geomembranes
and geocomposite drainage layers. (Installers are particu-
larly versed in addressing this importance to geotextiles.
Visit Colorado Lining International’s website, for example,
to find information on the many ways geotextiles benefi-
cially impact waste management and other containment
installations.) Geotextiles are used to wrap or line drainage
trench zones, for everything from buried pipes of all sizes
to avenue-wide installation. Roadways utilize geotextile
separation to extend roadway service lives and decrease
maintenance needs.

The list of applications that use geotextiles is extensive.
The list is so long the geotextile is often not noted in pro-
ject descriptions, but you can readily see geotextiles in pro-
ject photos.

As example, re-open the January/February 2014 issue of
Land and Water Magazine. On page 16, you'll find Matthew
Kocian’s article “GeoHistory in the Making.” In it, Kocian
describes a 40+ year geotextile performance study from a
low-volume road in Delaware. (Kocian works for Polymer
Group, Inc., which produces one of the longest-utilized
brands in the field’s geotextiles: Typar.) On page 20, Kristy
Morris, Eileen Alduenda, and Nancy L.C. Steele write on an
impressive neighborhood retrofit design in “Monitoring Your
BMPs.” Look at the photo on page 23: geotextile in the infil-
tration trench.

In short, geotextiles play a strong role in helping other ma-
terials—geosynthetics, aggregates, concrete, etc.—perform
better. This helps those materials expand their application
reach.

A CHALLENGE OF PERCEPTION

One of the true challenges of the geo- textile market is that
the materials are often perceived as too common. They are
common, and in general they perform what might be
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viewed as utility functions in construction, but the engineer-
ing behind geotextiles is far from common.

Newer geotextile-geogrid composite materials, such as the
Combigrid® seen here, provide a single layer solution for
reinforcement, separation, and drainage/filtration. Photo by
NAUE.

Manufacturing them requires a real understanding of poly-
mers and installation conditions that must be managed,
such as chemical and biological challenges in soils; UV ex-
posure; temperature fluctuations; etc.

Over the past 40 years, significant advances have occurred
in manufacturing, such as in the additive packages on the
polymeric side. These advances have greatly expanded the
possible strengths and lifetime durability of geotextiles. Yet,
the products mostly look the same. They mostly feel the
same. And manufacturing advances have also contributed
to improving the economics of geotextile production, even
for the most highly engineered geotextiles.

So in some respects, the science behind manufacturing,
being as strong as it is, has contributed to making geotex-
tiles seem less dynamic than they are.

But these materials, no matter how deeply or how long
they are buried, should not be “out of sight, out of mind”
materials. Geotextiles have long performed exceptionally in
engineering and construction.

Geotextiles are being utilized in, and at times enabling,
some of the most interesting and forward-engineering oc-
curring. So the best way to view their impact on the field
may be less through a purely historical perspective; the
most revealing look may be found in how they are influenc-
ing engineering today and going forward.

TRENDS
A Wider View of Geocomposites

For many years, the term “geocomposite” was used almost
exclusively in reference to drainage composites. These are
the wick drains used to accelerate the consolidation of soils;
the sheet drains used to provide drainage against walls or
wall block (such as within retaining walls); strip drains used
in landscaping or near foundations; etc. These products are
generally constructed of a polymeric core that is wrapped in
a filter fabric, which is, essentially, a geotextile.

Similarly, geonets, such as those installed in capping sys-
tems, frequently are bonded a geotextile filtration element.

Today, many are using the term geocomposite to apply to
other combinations of polymeric materials, such the fusion
of geotextiles and geogrids.

Some manufacturers embed the geotextile layer between
the geogrid bars. Some bond the geotextile to a side of the

geogrid. Regardless of how it is done, the result is a single-
roll product that for all intents and purposes in an installa-
tion is a “single layer” material.

For constructions such as “floating roads” (a strategy used
when building upon weak ground, such as when adding
wind farm access roads over peat-thick land in the UK) or
anywhere in which a reinforcement grid alone will not pre-
vent soft soils from migrating, this composite reinforcement
strategy is attractive. It takes materials that historically
were both used in an installation and often separate by
some fill and converts them into a single layer, thus de-
creasing the need for fill.

NAUE’s Combigrid® and HUESKER'’s products are notable
additions to this composite material trend.

On the Waterfront, Out to Sea

Geotextiles are really extending influence in shoreline and
immediate off shore installations. Geotextile sand contain-
ers are being used to create soft armor defense against
wave-induced erosion. Though “soft,” these bags are far
from weak. They are extremely durable in both exposed
and buried installations.

A long record of exemplary installations can be found in
Australia, the United Kingdom, Germany, and the United
States.

As noted earlier, Georg Heerten wrote about 25 years of
projects with this product sector back in 1984.

But the feel of geotextile containers is newer today. Artifi-
cial surf reefs, extensive shoreline protection installations
(walls, breakwaters, etc.), and scour protection strategies
are growing. Geotextile containers are even being used in
off shore wind farm constructions.

There, the geotextile containers are providing scour and
erosion protection around the off shore turbine footings.
They are even helping improve the construction of off shore
monopiles by creating a stable base which the pile may be
driven through.

Higher strength geotextiles are having a substantial and
beneficial impact in challenging settings. Mirafi ® H2Ri, for
example, has guarded against frost boil degradation of key
energy access roads in Alaska. Photo by Tencate Geosyn-
thetics.

Also of note in waterside constructions, geotextile tubes are
playing a fantastic role in providing sustainable beach de-
fense against hurricane erosion. Grand Isle, Louisiana, in
fact, utilized more than 9,000-m-long installation of geotex-
tile tubes (Tencate Geotube®).
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In wastewater, geotextile tubes are being used to separate
solids and sludge. For wastewater treatment plants
(WWTPs), aerations. Dried sludge from biosolids can gener-
ate 6,000 Btus. If separated out, WWTP biosolids involve
many other energy-producing elements: grit, 4,000 Btus;
screenings, 9,000 Btus; and grease, 16,000 Btus (which is
more than gasoline). Considering that WWTP and related
watermoving and treatment operations consume ~4% of
US energy, and factoring in that up to 60% of a water util-
ity’s costs may be related to energy needs (depending on
municipal size, state regulations, extensiveness of treat-
ment, etc.), geotextiles may be part of a much more en-
ergy-efficient future.

ALY

The Federal Highway Administration’s (FHWA) Geosynthetic
Reinforced Soil — Integrated Bridge System (GRS-IBS) util-
izes geotextiles to greatly shorten construction windows
and equipment needs while significantly lowering construc-
tion costs for small bridges. Photo by FHWA.

While the construction of the products may be called a geo-
textile container or bag or tube, the end results are often
the same: durability, strength, excellent filtration charac-
teristics, erosion control, the ability to utilize local fill, in-
creased sustainability, lower costs, etc.

Better Liners

Geosynthetic clay liners (GCLs)—another composite product
that benefits immensely from geotextiles—are seeing revi-
talization through both bentonite modification that en-
hances the internal sealing performance of the geosynthetic
and greater geotextile cover/carry layer performance. Much
of the credit here is due to manufacturers working more
closely with clients to determine more precise challenges to
GCLs (e.g., specific slope angles, soil conditions, freeze-
thaw cycles, roots); and the result is a rapidly expanding
portfolio of GCL product options, all of which are achieving
some pretty impressive performance results.

Needlepunch (nonwoven geotextile) technology in manufac-
turing and performance characteristic-enhancing coatings
are big drivers in helping the GCL market unveil new inno-
vations. And it is moving GCLs out of a basic capping sys-
tem solution into an extremely broad range of longterm
containment installations.

Companies playing an important role here include CETCO,
GSE, Terrafix, Geofabrics Australasia and NAUE.

Geotextiles are being produced in significantly higher
strengths, and the engineering principles that govern the
basic functions to geotextiles enable faster construction,
including in applications that traditionally were not geotex-
tile applications.

The US Federal Highway Administration (FHWA), for exam-
ple, has crystallized many years of research in the field
utilization of geosynthetic-reinforced soil (GRS) in bridge
construction. Targeted to smaller, single span bridges, such
as those frequently needed by county engineers, the GRS-
IBS (Integrated Bridge System) approach has been found
to reduce construction costs by 25 - 30% (versus standard
pile capped abutment on deep foundations). Up to 60%
savings are actually achievable. One of the primary reasons
for savings is the significantly shorter construction win-
dow—"days, not months,” the FHWA notes. Also, this type
of construction decreases the need for highly specialized
construction equipment. And since deep foundations are not
needed for piles, the land disturbance is greatly decreased.
The construction footprint of the GRS-IBS approach is,
thus, a great way to lower the carbon footprint of construc-
tion and overall impact construction has on the environ-
ment.

(A basic search for “GRS-IBS” online yields an enormous
amount of practical information from FHWA, county engi-
neers, video demonstrations, etc.)

In other strength-related trends that are building upon geo-
textiles’ past and shaping their future use, a number of
companies are marketing high-strength materials that reas-
sert the engineering behind these materials.

Tensar markets a high-strength geotextile called Basetex™,
which is being used in tensioned membrane designs, such
as for load-transfer platforms with piled embankments.

Tencate’s Mirafi ® H2RSi series exemplifies not only the
traditional expansion in functions that geotextiles have
been part of but the future in which geotextiles can in many
respects perform these functions solely: confinement, rein-
forcement, drainage, filtration, and separation. Utilizing a
special yarn to provide enhanced wicking through the plane
of the geotextile and exhibiting a tensile modulus that sur-
passes many other “traditional” stabilization products, the
material is being used in rail construction, roads, embank-
ments on soft soils, MSE structures, voids bridging, and
much more.

Polymer Group, Inc.’s geotextile-based geocellular confi
nement product Defen-Cell® has been used not only by the
military for protection against ballastics but in the civilian
market (often as Typar® Geocell) for flood defense, load
support, slope protection, secondary containment berms,
and erosion and sediment control.

Typar Geosynthetics’ geotextile-based geocell has been
used for a diverse range of applications, from ballistics pro-
tection walls in military conflicts to flood control (seen here)
to runoff filtration and sedimentation control. Photo by Ty-

par Geosynthetics/Polymer Group, Inc. Greater Strength

HUESKER’s Comtrac®, a high-quality, water-permeable
woven for soil reinforcement was one of the world’s first
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geosynthetic reinforcement products. Since it was first used
in 1974, the product has proven itself on thousands of pro-
jects in a wide variety of applications, such as earthwork
reinforcement or sludge lagoon capping. The geotextile
features high tensile strength in conjunction with low strain,
low creep, high resistance to microorganisms as well as
chemical and physical action, and integral separating func-
tion. Because of its high strength, low-creep properties,
Comtrac® can permanently accommodate high tensile
forces even at low elongations.

THE TAKE AWAY

It is impossible to concisely tell the historical and current
story of geotextiles. But they continue to be materials that
demonstrate extraordinary utility and innovation. Fiber op-
tics are being embedded in them to offer real-time monitor-
ing of installations (e.g., levees in flood zones). Their in-
creasing strengths are blurring the old lines in soil stabiliza-
tion products. In short, they are doing what they have al-
ways done: making engineering and construction stronger
and more economical; and providing better environmental
performance.

Chris Kelsey is a frequent contributor to Land and Water.
He is the editor of Geosynthetica, an online publication that
documents geosynthetics and affi liated geotechnical mate-
rials and services. www.geosynthetica.net.

(Land and Water, March/April 2014, pp. 8-13,
www.landandwater.com)
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NEA ANO TIz
EAANAHNIKEZ KAI
AIEONEIz
FEQTEXNIKEZ ENQZEI2

International Association for Engineering Geology
and the Environment

IAEG would like to inform that we have just published in
the section of Education and Training of our website
(http://www.iaeg.info/index.php/courses/video-lectures),
the first IAEG video-lecture. This is the first of a series of
three, which have been realized by a professional video-
company here in Torino. We have decided to put online as
first the lecture delivered by Paul Marinos, because is one
of the most well-known representative of the IAEG in the
world and of Engineering Geology in general. The title of
the lecture is “Rock Mass classification, an engineering geo-
logical assessment. Application and limitations”.

Znueiwveral 6T o Kabnynthg MauAog Mapivog €ival o npw-
TOG video lecturer Tng IAEG.
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NMPOZEXEIZ
EKAHAQZEIZ
FEQTEXNIKOY
ENAIAGEPONTO2
2THN EAAAAA

. 2nd EASTERN EUROPEAN
TUNNELLING CONFERENCE

- Tunnelling in a challenging environment

ATHENS 30 September - 3 October 2014 Royal Olympic Holel Athens. Greece

30 September - 3 October 2014, Athens, Greece
www.eetc2014athens.org

It is our pleasure to inform you that the Greek Tunnelling
Society is organizing the 2"Eastern European Tunnelling
Conference in Athens on September 28 - October 1 2014
(EETC2014, Athens).

The Eastern European Tunnelling Conference is a biennial
regional traveling conference. It aims to promote the shar-
ing of knowledge, experience, skills, ideas and achieve-
ments in the design, financing and contracting, construc-
tion, operation and maintenance of tunnels and other un-
derground facilities among the countries of Eastern Europe,
on an organized basis and with agreed aims. EETC2014
aims mainly to bring together colleagues from Eastern
Europe but people from the rest of the world are also wel-
come.

The theme of EETC2014 Athens is:

“Tunnelling in a Challenging Environment”
Making tunnelling business in difficult times

The construction of underground projects is becoming in-
creasingly demanding as new challenges are emerging in
every aspect and sector of this multidisciplinary and multi-
various business. Further to the usual geological, geotech-
nical, structural and operational challenges, we are now
facing a difficult business and financial environment, which
requires the deployment of even more intelligent and effec-
tive tools and solutions.

I really do hope that the EETC2014 Athens will contribute
and further facilitate the growth of the tunnelling busi-
ness and will be a forum for scientific and professional col-
laboration.

TOPICS:

Innovative methods for Analysis and Design
Tunnelling in difficult ground conditions
Conventional urban or shallow tunnelling
Mechanized tunnelling

Hydraulic tunnels

Underground complexes

Caverns for Hydropower or Storage

Pipe jacking and microtunnelling

Innovations in tunnelling construction technology
Tunnels and shafts for mining

Rehabilitation and repair

Safety and security in tunnels and tunnelling
Contractual and financial issues

Education and training

Case histories

Underground space use

Tunnels and monuments

O3 D

7° NANEAAHNIO EYNEAPIO

FEQTEXNIKHE MHXANIKHE

5 — 7 NosuBpiou 2014, AI'AH Zanneiou, AGRva
http://www.Zhcge2014.gr

H EAANvikn Emotnuovikh ETaipsia Edagounxavikng kai Mew-
TEXVIKNG MNXavikng, oTo NAdicio Twv dpacTnpioTATWV TNnG,
dlopyavwvel To 70 MaveAAnvio Suvédplo MewTexVIKNG Mnxa-
VIKNG uno Tnv aiyida Tou Anyou ABnvaiwv kai Tou TeXVIKOU
EnipeAnTnpiou EAAGSAG. STOXOG Tou Zuvedpiou eival va Kka-
Taypayel TIg NpoodouG TNG YEWTEXVIKNAG UNXAVIKNAG oTnV EA-
Aada Tou 21ou aiwva 6nNwg avTikatonTpifovTal oTa onuavTi-
KA YEWTEXVIKG aAAa kal aAAa £pya (o1dnpodpopikd, odonol-
iag, Aigevika, udpaulikda, KTipiakd, nepiBaAAovTika) pe on-
HaVTIKO YEWTEXVIKO AVTIKEINEVO, MOU €XOUV MEAETNOei Kal
KATAOKEUAOTEl 1| KataokeualovTal, KaBmG Kal oTa anoTeAE-
OHaTa TNG EPEUVNTIKAG dpacTnPIOTNTAG TWV EAANVIK®OV MO-
AUTEXVEIWV Kal MOAUTEXVIKWV OXOA®V. Enidiwgn eival ol gp-
yaoieg Tou Zuvedpiou va avadeifouv mpwTOTUMNA OTOIXEIA
OUMBOANG TNG YEWTEXVIKAG MNXAVIKAG aAAd kal va npofd-
Aouv BewpnTIKEG KAl MEIPANATIKEG EPEUVEG O £daQikd, Bpa-
X®On Kal nuiBpaxwdn UAIKG nou Bpnkav f pnopolv va
Bpouv e@appoyn oTnv npagn."

OepaTIKEG EVOTNTEG

1. Z}Junsplcpopc'l Edapwv: 'Epeuveg Ynaibpou kal EpyaoTtn-
piou

Jupnepipopa Edapwv: Mpooopoimuara

Enipaveiakeg kal BaBeiég OepeAimoeig

AAMNAenidpaon EdAgoug - KaTaokeung

Mpavr) - KatoAioBnoeig

Babeieg Ekoka®eg - AvTioTnpi&eig

Znpayyeg

BeATiwoeig Edapwv

®paypara, AonAa Enixwpara

© 0O NOOU AN

. OnAiopéva Emixopara

. Epappoyn Eupwkwdikwv

. Epappoyeg MrewouvBeTIkK®V YAIKQOV

. Edapoduvapikn / Texvikr Zeigpoloyia

. Bpaxopnxavikn

. MepiBaAAovTikr) FEWTEXVIKN

. Evepyeiakn Mewtexvikn (energy geotechnics)
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. MoAmoTikr) KAnpovouid kar FewTexvikn Mnxavikr
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. AidaokaAia kalr Maenon rewTexvikng Mnxavikng
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TiIg NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€C MMopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

The 6th International Conference on Unsaturated Soils UN-
SAT 2014, 02 - 04 July 2014, Sydney, Australia, Adrian
Russell, a.russell@unsw.edu.au

2" International Conference on Vulnerability and Risk Ana-
lysis and Management & 6 International Symposium on
Uncertainty Modelling and Analysis - Mini-Symposium
Simulation-Based Structural Vulnerability Assessment and
Risk Quantification in Earthquake Engineering, 13-16 July
2014, Liverpool, United Kingdom,
http://www.icvram2014.org

GeoHubei 2014 International Conference Sustainable Civil
Infrastructures: Innovative Technologies and Materials, July
20-22, 2014, Hubei, China
http://geohubei2014.geoconf.or

ICITG 2014 Second International Conference on Informa-
tion Technology in Geo-Engineering, 21-22 July 2014, Dur-
ham, UK, www.icitg.dur.ac.uk

Second European Conference on Earthquake Engineering
and Seismology, 24-29 August 2014, Istanbul, Turkey

www.2eceesistanbul.org

TC204 ISSMGE International Symposium on "Geotechnical
Aspects of Underground Construction in Soft Ground" - IS-
Seoul 2014, 25-27 August 2014, Seoul, Korea,

csyoo@skku.edu

ACESD 2014 International Conference on Advances in Civil
Engineering for Sustainable Development, 27-29 August
2014, Nakhon Ratchasima, Thailand,
http://acesd.sut.ac.th/index.php?acesd=9c847ec878ac085f
8c0c829a241d5a35

International Symposium on Geomechanics from Micro to
Macro (TC105), 01 - 03 September 2014, Cambridge,
United Kingdom, http://is-cambridge.eng.cam.ac.uk

International Conference on Industrial and Hazardous
Waste Management “CRETE 2014”, September 2" - 5%,
2014, Chania, Crete, Greece, http://www.hwm-
conferences.tuc.gr

Geosynthetics mining solutions 2014, September 8 - 11,
2014, Vancouver, Canada,
http://www.geosyntheticssolutions.com

JUBILEE CONFERENCE 50th Anniversary of Danube-
European Conferences on Geotechnical Engineering Geo-
technics of Roads and Railways, 9 - 11 September 2014,
Vienna, Austria, www.decge2014.at

IAEG XII CONGRESS Torino 2014 Engineering Geology for
Society and Territory, IAEG 50th Anniversary, September
15-19, 2014, Torino, Italy, www.iaeg2014.com

10th International Conference on Geosynthetics - 10ICG,
Berlin, Germany, 21 - 25 September 2014 www.10icg-
berlin.com

14th International Conference of the International As-
sociation for Computer Methods and Advances in Geome-
chanics (14IACMAG), September 22 - 25, 2014, Kyoto,
Japan, www.14iacmag.org

14th World Conference of the Associated Research Centers
for the Urban Underground Space (ACUUS 2014), Septem-
ber 24-26, 2014, Seoul, Korea
http://acuus2014.com

EETC 2014 ATHENS 2nd Eastern European Tunnelling Con-
ference, 28 September - 1 October 2014, Athens, Greece,
www.eetc2014athens.org

O3 D

BASEMENTS AND
UNDERGROUND | -
GROUND. STRUCTURES o S
ENGINEERING Slele]/ 12275 Hel S
2014 e -
I

——

Ground Engineering (GE) is pleased to announce the 7th
annual Basements and Underground Structures Con-
ference, which will take place on the 30 September - 1
October 2014 in London. This leading industry event will
provide you with technical updates, case histories from in-
novative projects and commercial discussions with key cli-
ents and contractors.

Whether you are designing residential basements, deliver-
ing complex infrastructure projects or procuring a new
commercial development, this is an essential event for you
in 2014.

Pre-conference Temporary Works Seminar “Using tempo-
rary works to ensure the safe and efficient delivery of
underground projects”, 30 September 2014, London.

Contact Will Fowler on 0203.033.4273 or email
geevents@emap.com

(C- 4R -0)

5th International Forum on Opto-electronic Sensor-based
Monitoring in Geo-engineering (5th OSMG-2014), Oct 12-
14, 2014, Nanjing, China, http://www.osmg2014.com

International Congress Tunnels and Underground Space
risks & opportunities, 13-15 October 2014, Lyon, France,
www.congres.aftes.asso.fr/en/content/invitation

ARMS 8 - 8th ISRM Rock Mechanics Symposium, 14-16
October 2014, Sapporo, Japan
www.rocknet-japan.org/ARMS8/index.htm

o™ International Conference on Structural Analysis of His-
toric Constructions, 14 - 17 October 2014, Mexico City,
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Mexico, www.linkedin.com/groups/SAHC-2014-Mexico-City-
3930057.5.213150607

6th International Conference on Protection of Structures
Against Hazards, 16-17 October 2014, Tianjin, China,
http://cipremier.com/page.php?764

2" International Conference Innovations on Bridges and
Soil - Bridge Interaction IBSBI 2014, Athens, 16 - 18 Octo-
ber, 2014, http://ibsbi2014.ntua.gr

1st International Conference on Volcanic Landscapes
(VOLAND 2014), 16 - 18 October 2014, Santorini Island,

Greece, voland@heliotopos.net

1st International Conference on Discrete Fracture Network
Engineering, October 19 - 22, 2014, Vancouver, British
Columbia, Canada, www.dfne2014.ca

12% International Conference Underground Infrastructure of
Urban Areas, 22-23th October 2014, Wroclaw, Poland,
http://www.uiua2011.pwr.wroc.pl

(C- 4R -0)

AusRock 2014
3rd Australasian Ground Control in Mining
Conference - an ISRM Specialized Conference
5 - 6 November 2014, Sydney, Australia

Contact Person: Sienna Deano
Telephone: +61 3 9658 6126
E-mail: sdeano@usimm.com.au

3 O

3rd ISRM International Young Scholars'
Symposium on Rock mechanics -
an ISRM Specialized Conference
8 — 11 November 2014, Xi‘an, China

Contact

Telephone: +86 10 62332 464
Fax: +86 10 62334 098

E-mail: caimeifeng@ustb.edu.cn

(G2 4R -0

7th International Congress on Environmental Geotechnics,
10-14 November 2014, Melbourne, Australia,
www.7iceg2014.com

GEOMATE 2014 Fourth International Conference on Geo-
technique, Construction Materials + Environment, 19 - 21
Nov. 2014, Brisbane, Australia, www.geomate.org

International Symposium “Geohazards” Science, Engineer-
ing & Management, 20-21 November 2014, Kathmandu,
Nepal, www.ngeotechs.org/ngs/index.php/geohazards-2014

7th International Conference on Scour and Erosion (ICSE-
7), 2™ - 4" December 2014, Perth, Western Australia,
http://www.2014icse.com

Third Australasian Ground Control in Mining Conference
2014, Sydney, Australia,
Www.mining.unsw.edu.au/node/608

Proceedings of the Institution of Civil Engineers, Geotechni-
cal Engineering, THEMED ISSUE 2015, Construction proc-
esses and installation effects, Editors: Benoit Jones, Univer-
sity of Warwick, UK and Stuart Haigh, University of Cam-
bridge, UK, sarah.walker@ice.org.uk

IGS Chennai 2015 6™ International Geotechnical Sympo-
sium on Disaster Mitigation in Special Geoenvironmental
Conditions, January 21-23, 2015, IIT Mandras, Chennai,
India, http://igschennai.in/6igschennai2015

Geosynthetics 2015, February 15 - 18, 2015, Portland,
Oregon, USA, http://geosyntheticsconference.com

12th Australia New Zealand Conference on Geomechanics
(ANZ 2015), 22-25 February 2015, Wellington, New Zea-
land, http://www.anz2015.com

16th African Regional Conference on Soil Mechanics and
Geotechnical Engineering, April 27 to 30, 2015 in Hamma-
met, Tunisia, http://www.cramsg2015.0rg

ISP7-PRESSI02015 27 to 30 April 2015, Hammamet, Tuni-
sia, http://www.cramsg2015.0rg/isp7-pressio2015

13" ISRM International Congress on Rock Mechanics Inno-
vations in Applied and Theoretical Rock Mechanics
10-13 May 2015, Montreal, Canada, www.isrm2015.com

3 O

Shale and Rock Mechanics
as Applied to Slopes, Tunnels, Mines and
Hydrocarbon Extraction
Special One day Symposium
May 12, 2015, Montreal, Quebec, Canada
http://www.isrm2015.com/Page/PageContent/Shal
eSymposium

Four 2-hours sessions. Each session will open with two key-
note speakers followed by paper presentations. Themes
are:

+ Hydrocarbon Extraction

- Slopes

+ Tunnels/Mines

+ End of day debate: Shale is a Soft Rock - Not a Hard Soil.

Keynote Speakers and Debaters whose visions you will
want to hear and discuss per topic:

HYDROCARBON Senior Keynote: Mark Zoback, Professor,
Stanford University

EXTRACTION Junior Keynote: Maria-Aikaterini Nikolinakou,
University of Texas

SLOPES Senior Keynote: Doug Stead, Professor, Simon
Fraser University, Junior Keynote: Dave Scarpato, Haley &
Aldrich, Inc.
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TUNNELS AND MINES Senior Keynote: Derek Martin, Pro-
fessor, University of Alberta, Junior Keynote: Michael Mur-
phy, NIOSH/Office of Mine Safety and Health Research

DEBATE: Shale is a Soft Rock - Not a Hard Soil. The debate
will open with formal arguments by the debaters and will be
followed by a town hall discussion. Debaters:

Priscilla Nelson, Professor, Colorado School of Mines, Mau-
rice Dusseault, Professor, University of Waterloo, Derek
Elsworth, Professor, Pennsylvania State University, Jean-
Claude Roegiers, Professor, University of Oklahoma

For further information on the Shale Symposium please
contact: Herbert Einstein e-mail: einstein@mit.edu.

O3 D

TUNNEL

PROMOTING TUNNELING IN SEE REGION

ALY CENTIR

ar 33383073

World Tunnel Congress 2015
and 41st ITA General Assembly
Promoting Tunnelling in South East European
(SEE) Region
22 - 28 May 2015, Dubrovnik, Croatia
http://wtcl5.com

Contact

ITA Croatia - Croatian Association for Tunnels and Under-
ground Structures

Davorin KOLIC, Society President

Trnjanska 140

HR-10 000 Zagreb

Croatia

info@itacroatia.eu

O3 D

83rd ICOLD Annual Meeting
June 2015, Stavanger, Norway

3 O

ISFOG 2015 3™ International Symposium on Frontiers in
Offshore Geotechnics, Oslo, Norway, 10-12 June 2015,
www.isfog2015.no

DMT 15 The 3™ International Conference on the Flat Dila-
tometer, Rome 15-17 June 2015, www.dmt15.com

ICGE 2015 International Conference in Geotechnical Engi-
neering - Colombo-2015, 10 - 11 August 2015, Colombo,
Colombo, Sri Lanka, http://www.slgs.lk/?p=564

16™ European Conference on Soil Mechanics and Geotechni-
cal Engineering “Geotechnical Engineering for Infrastructure
and Development”, 13 - 17 September 2015, Edinburgh,
UK, www.xvi-ecsmge-2015.0org.uk

Workshop on Volcanic Rocks & Soils, 24 - 25 September
2015, Isle of Ischia, Italy, www.associazionegeotecnica.it

(G2 4R -0

EUROCK 2015
ISRM European Regional Symposium
64th Geomechanics Colloquy
7 - 9 October 2015, Salzburg, Austria

(G- 4R -0)

European Conference in Geo-Environment and
Construction
GEO-ENVIRONMENT AND CONSTRUCTION

POLIS University, the Albanian Geotechnical Society and
Co-PLAN are pleased to invite you to the European Con-
ference on Geo-Environment and Construction. The con-
ference aims to provide a comprehensive coverage of theo-
retical and practical insights regarding geotechnical engi-
neering, environmental issues and construction. This initia-
tive is supported by the International Society of Soil Me-
chanics and Geotechnical Engineering. Engineers, re-
searchers and professionals from all over Europe are invited
and encouraged to participate in this conference in order to
submit written contributions and also to present their
works.

TOPICS

The conference topics include all aspects of geo-environ-
ment and construction fields. The aim of the conference is
to present achievements and on this respect, to evidence
what have been the main challenges and to introduce what
appropriate approaches can be used. Professional interac-
tion and mutual experience interchange are important as-
pects of this event. Some of the main conference topics
are:

Geotechnical Engineering and Environment

- Infrastructural geotechnical engineering

- Geotechnical engineering related to industrial areas, min-
ing industry and power plants

- Environmental geotechnical engineering
- Irrigation system and environment
- Slope stability and their impact on environment
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Construction

- Foundation engineering

- Soil mechanics

- Underground construction and deep excavations

- Impact of geotechnical phenomena in architectural design

- Geotechnical engineering of historical and cultural monu-
ments

- New technologies in geotechnical engineering
- Seismic structural design

- Case studies

- Structural Aesthetic Design

- Coordination between academic and practice experience
in construction

CONTACT

Prof. Dr. Luljeta Bozo
E-mail: lulibozo@gmail.com;

luljeta bozo@universitetipolis.edu.al
Address: Naim Frasheri Street, No.36, Tirana, Albania
Tel: +355 4 222 4970
Mob: +355 68 21 36 140

MSc. Eng. Erdi Myftaraga

E-mail: erdi.myftaraga@hotmail.com;
erdi_myftaraga@universitetipolis.edu.al

Mob: +355 66 40 61 326

MSc. Eng. Erion Bukagi
E-mail: erion.bukaci@gmail.com
Mob: +355 66 20 50 007

O3 D

6th International Conference on Earthquake Geotechnical
Engineering, 2-4 November 2015, Christchurch, New Zea-
land, www.bicege.com

The 15th Asian Regional Conference on Soil Mechanics and
Geotechnical Engineering, 9-13 November 2015, Fukuoka,
Japan, http://www.15arc.org

15th Pan-American Conference on Soil Mechanics and Geo-
technical Engineering, 15 - 18 November 2015, Buenos
Aires, Argentina, http://conferencesba2015.com.ar

VIII South American Congress on Rocks Mechanics, 15 - 18
November 2015, Buenos Aires, Argentina,
http://conferencesba2015.com.ar

Sixth International Conference on Deformation Characteris-
tics of Geomaterials IS Buenos Aires 2015, November 15th
to 18th 2015, www.saig.org.ar/ISDCG2015
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2015 6™ International Conference Recent Advances in Geo-
technical Engineering and Soiul Dynamics, December 7-11,
2015, New Delhi (NCR), India, wason2009@gmail.com;
wasonfeq@iitr.ernet.in, sharmamukat@gmail.com;
mukutfeq@iitr.ernet.in, gvramanaiitdelhi@gmail.com,
ajaycbri@gmail.com

O3 D

3" PanAmerican Regional Conference
on Geosynthetics
11-14 April 2016, Miami South Beach, USA
NAGSDirector05@gmail.com

O3 D

WD

84th ICOLD Annual Meeting
May 2016, Johannesburg, South Africa

O3 D

GEOSAFE: 1st International Symposium on
Reducing Risks in Site Invertigation, Modelling
and Construction for Rock Engineering -
an ISRM Specialized Conference
25 - 27 May 2016, Xi'an, China

Contact
Telephone: 0086 27 87198913

Fax: 0086 27 87198413
E-mail: xtfeng@whrsm.ac.cn

(G2 4R -0

NGM 2016 - The Nordic Geotechnical Meeting, 25 - 28 May
2016, Reykjavik, Iceland, www.ngm2016.com

3 O
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3rd ICTG International Conference on
Transportation Geotechnics
4 - 7 September 2016, Guimaraes, Portugal

The Transportation Geotechnics International Conference
series began under the auspices of ISSMGE-TC 3 and was
initiated in 2008 at the University of Nottingham, UK, as an
International event designed to address the growing re-
quirements of infrastructure for societies. The 2" Interna-
tional Conference on Transportation Geotechnics took place
in 2012, at Sapporo, Japan, under the ISSMGE-TC202 that
follows the TC-3 activities for the period 2009-2013. To
continue the successful of these conferences and the output
of ISSMGE-TC-202, the 3™ was scheduled for 2016, at
Guimaraes, Portugal. Following the previous one, the chal-
lenges addressed by this conference will include a better
understanding of the interactions of geotechnics on roads,
rails, airports, harbours and other ground transportation
infrastructure with the goal of providing safe, economic,
environmental, reliable and sustainable infrastructures. The
3" ICTG will be composed of workshops and several types
of sessions, as well as a technical exhibition, to better dis-
seminations of findings and best practices. A special atten-
tion will be paid to the publication of all the peer review
papers, some of them in specialised international journals.
On behalf of the organizing committee I am honoured to
invite you to the 3™ ICTG in the City of Guimardes, UNESCO
World Heritage (September 4-7, 2016).

Contact person: Prof. A. Gomes Correia (Chair)

Address: University of Minho, School of Engineering, 4800-
058, Guimaraes, Portugal

Phone: +351253510200

Fax: +351253510217

E-mail: agc@civil.uminho.pt

O3 D

EuroGeo 6 — European Regional Conference
on Geosynthetics
25 - 29 Sep 2016, Istanbul, Turkey
equler@boun.edu.tr

3 O

6'" Asian Regional Conference
on Geosynthetics
November 2016, New Delhi, India
uday@cbip.org

(C- 4R -0)

11" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul South Korea
csyoo@skku.edu
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Laser maps reveal slide risk with startling
clarity, but few citizens know they exist

An aerial scanning technique called lidar produces images
that strip away vegetation to expose the landforms below.
Some counties use them to ID hazardous areas, but others
don't.

People who lived near the Snohomish County hillside that
collapsed last week could see with their own eyes that it
had slid before.

But it takes a more high-tech type of vision to fully grasp
the danger along that stretch of the Stillaguamish River.

Maps created by an aerial scanning technique called li-
dar (lie-dar) reveal with stunning clarity a series of giant
scars and piles of debris left by past landslides up and down
the valley, including one more than twice as big as the
monster that ripped loose Saturday.

Lidar’s ability to peer beneath the region’s thick vegetation
and lay bare the landscape has made it the go-to source on
a wide range of geologic perils, from earthquake faults to
flood zones.

But outside the circle of geologists, engineers and land-use
experts, few people know the maps exist or how to access
them. And though lidar can spot landslides that other sur-
veys miss, counties are inconsistent in the way they incor-
porate the new information into their hazard planning.

il

BEFORE AND AFTER: Use the interactive tool above to
compare lidar maps of the area before and after the slide.

Looking at landslides with high-tech eyes

A USGS analysis of lidar images reveals more than a dozen
RELATIVE AGE previous landslides along the North Fork of the
OF LANDSLIDE DEPOSITS*® Stillaguamish, one more than twice as big as Saturday’'s.
st - Didest  Lidar can reveal previously unknown slides, and geologists
3 apping technique should be expand
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*5lides that are the same color did not necessarily happen simultaneously. All struck within the past 14,000 years,
the most recent in 2011. Sources: USGS, Snohomish County Infarmation Services  THE SEATTLE TIMES

“We've got all this great new data,” said University of
Washington geologist David Montgomery. “But if you don’t
have anybody to digest it and turn it into information that
can get out to the public — it’s just nice data.”

Lidar mapping in Seattle in the early 2000s identified four
times the number of landslide zones spotted with aerial
surveys.

Several of the slides along the Stillaguamish that pop out in
lidar images aren’t included in the Washington Department
of Natural Resources’ (DNR) statewide landslide inventory,
said Ralph Haugerud, a lidar expert with the U.S. Geological
Survey. And while even some experts were shocked that
Saturday’s slide plowed across the river, the lidar images
show that some of the old slides in the vicinity were clearly
powerful enough to have run out even further.

“Lidar is like a new pair of glasses,” Montgomery said. “If
you can see more, if you have better data, you can better
assess the true risks.”

The technique has only been widely used in the Northwest
for little more than a decade, said Craig Weaver, chief of
the Seattle branch of the U.S. Geological Survey (USGS).
He estimates nearly a quarter of the state has been
mapped, including most of the Puget Sound basin.

To create a map, an airplane equipped with special lasers
flies back and forth in a grid, firing up to 150,000 light
pulses per second at the Earth. The system calculates how
long it takes the pulses to bounce back to the plane, and
assembles a topographic profile.

Only about one in seven pulses actually hit the ground,
Haugerud explained. The rest bounce off trees, bushes and
buildings. A computer program discards those errant sig-
nals, essentially erasing the vegetation and generating an
image of the bare landscape.

Topographic maps generated by lidar are accurate to within
a few inches.

That's far better than traditional contour mapping based on
aerial photography. “In heavily forested landscapes you
have no idea what the ground surface looks like in detail,”
Haugerud said. “So all of our topographic maps are kind of
fuzzy.”

In contrast, lidar images are so crisp features seem to pop
off the page.

The first lidar survey in Washington was conducted on
Bainbridge Island for land-use planning. But when USGS
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How lidar works

Lidar (light detection and ranging) uses an
aircraft equipped with a scanning laser
rangefinder to “peer” through forests and
construct a topographic map accurate to
within a few inches.

A sharper view
These three images
of the Oso slide
ared (taken before
Saturda)y’s slide)
llustrate lidar’s
SLPEFOFItY over
aeriol photos or

AERIAL /SATELLITE IMAGE
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2. A detector records

! *. Pulses that

PO atE RN out pulses that bounce off trees
and structures, and create a
COST: $500-51,000 topographic map that essentially

per square mile.

Sowrces: USG5, Snohomish Cownty
Information Services, idar-wk.com,
NASA's boddard Spoce Flight Center,
pu getsowndiidar. ess. washin gton.eduAbowt LIDAR htm

scientists got a look at the map, they realized that an odd
line cutting across the island was actually a previously hid-
den earthquake fault.

Since then, the USGS has used the method to identify more
than a dozen major faults in the Puget Sound region.

But extending the method to analysis of landslide risk has
progressed more slowly.

DNR'’s inventory was compiled without lidar data, Haugerud
said. Most counties rely on lidar to some extent when they

TA NEA THZ EEEEI'M - Ap

the time it takes for the
pulses to bounce back.

‘a

3. Sophisticated algorithms weed

strips away vegetation. The lidar
image (to the right) is of the Oso
slide area in 2013.

bounce off
trees and buildings A
return first, followed Elevation model derived from
by signals from the 1:24,000-5cale USGS topographic
ground. map contours
LDAR IIIII.EE

GRS
ound
unit

Calculated fmm the 2013 lidar
sUmvey

MARE NOWLIN 7 THE SEATTLE TIMES

review building-permit applications, but few have the re-
sources to analyze the data in detail.

"I hope a lot of counties take a good, hard look at their
landscape hazard zones after this,” said Dan McShane, an
engineering geologist in Bellingham, who blogs at Reading
the Washington Landscape.

Seattle was one of the first cities to use lidar for landslide
mapping. Initially, there was concern that releasing the
information to the public would harm property values and
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slow development, said former state emergency manage-
ment director Jim Mullen, who headed Seattle’s emergency
operations at the time.

“We put it out anyway,” Mullen said. “The public needs to
know these kinds of things ... and developers who are
really smart want to know what the risks and hazards are
so they can engineer around them.”

King County uses lidar to identify flood-prone areas and
slopes where landslides are likely. Some counties, includ-
ing King and Jefferson, have online tools that allow anyone
to zoom in lidar maps down to the parcel level, though the
quality and resolution of the images varies.

Snohomish County also has a collection of lidar maps ac-
cessible online, including maps of the slide area from 2013.

But across much of the state, it’s hard for an average per-
son to find lidar maps or navigate the complex portals
where the data is stored.

A group called the Puget Sound Lidar Consortium serves as
a kind of clearinghouse for lidar maps and data. But the
group operates on a shoestring budget and its website is
designed for experts, not lay people.

“Lidar is a powerful tool, and it really needs to be dissemi-
nated better,” McShane said. Ideally, anyone seeking a
building permit or buying a house should be able to exam-
ine lidar images of the property for any hidden geologic
hazards, he added.

Haugerud and other geologists would like to see a system-
atic, statewide lidar survey for landslides, followed by on-
the-ground geologic studies to help determine how fre-
quently slopes have slid in the past, and how likely they are
to slide in the future.

Some of the ominous-looking landslides detected by lidar
may be more than 12,000 years old and not much of a
threat anymore, he explained. But other slides that predate
historic records may still be active and dangerous.

“We would like to be able to look at any parcel and answer
the question: What are the odds of being hit by a landslide
in the next century?” Haugerud said.

But better landslide inventories and risk assessments won't
make any difference unless policymakers act on them,
Mullen said.

The landslide risks near Oso were well documented, even
before the advent of lidar, yet construction was still allowed
in harm’s way.

“We need to look at all the tools we have that tell us what
are risks are,” Mullen said. “Then we need to have some
community discussion ... about whether we are prepared to
address them.”

(Sandi Doughton / Seattle Times, March 27, 2014 - modi-
fied April 3, 2014,
http://seattletimes.com/html/localnews/2023244512 muds
lidelidarxml.html)

3 O

GEER Response to Washington Landslide

A team from the Geotechnical Extreme Events Reconnais-
sance (GEER) Association, supported by the National Sci-
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ence Foundation, is mobilizing to collect information on the
effects of a landslide that occurred on March 22, 2014 on a
steep slope above the North Fork of the Stillaguamish River
adjacent to a rural residential community near Oso, Wash-
ington. GEER members and other geotechnical profession-
als are documenting the effects of the Washington landslide
on the built and natural environments. Dr. Jeffrey Keaton, a
principal engineering geologist at AMEC Americas and
member of the GEER Steering Committee, along with Dr.
Joseph Wartman, Associate Professor of Civil and Environ-
mental Engineering at the University of Washington and
GEER member, are coordinating the investigation of the
geotechnical impacts of the landslide and resulting unchan-
nelized debris flow. Advancing strategies for adapting to
climate-triggered geotechnical processes requires that we
understand what happened leading to the collapse of the
slope so that communities and infrastructure systems can
be designed for greater resiliency and enhanced public
safety.

Also participating in the investigation are Mr. John de La
Chapelle (Golder Associates), Dr. David Montgomery (Uni-
versity of Washington), Dr. Jean Benoit, (University of New
Hampshire and GEER member), and Dr. Scott Anderson
(Federal Highway Administration and GEER Steering Com-
mittee member). These geologists and engineers will bene-
fit from work performed by the Washington State Depart-
ment of Natural Resources (DNR), Washington State De-
partment of Transportation (WSDOT), U.S. Geological Sur-
vey (USGS), U.S. Department of Agriculture — Forest Ser-
vice, and others. GEER teams focus on documenting geo-
technical effects of extreme events as part of a National
Science Foundation (NSF) program to turn disaster into
knowledge.

The March 22, 2014 Oso Landslide (also known as the Ha-
zel Landslide and the Steelhead Haven Landslide) occurred
on a valley slope with a history of intermittent landslide
occurrence going back to the 1940s, with the previous
landslide movement in 2006 that blocked the river but did
not affect any homes. The Oso Landslide is one of many
landslides that have occurred on slopes in the valley of the
North Fork of the Stillaguamish River. The March 22, 2014
Oso Landslide became a rapidly moving, unchannelized
debris flow that spread out as it travelled about Y2 mile,
damming the North Fork of the Stillaguamish River, de-
stroying and carrying away about 50 homes, and burying
about 1 mile of State Highway 530. By March 29, 2014, the
confirmed death toll was 17, with another nine bodies found
but not identified, and about 30 people still unaccounted
for.

Precipitation in March leading up to the Oso Landslide was
nearly twice the average amount. At 10:37:22 AM Pacific
time on March 22, a seismograph in the Pacific Northwest
Seismic Network about 11 km southwest of the landslide
recorded vibrations for about 2-1/4 minutes generated as
the landslide mobilized from a steep slope above a bend in
the North Fork of the Stillaguamish River that separated the
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landslide from the rural residential community. The land-
slide dam blocked the river for approximately 24 hours, at
which time it started breaching gradually, without releasing
a major flood.

Extreme events engineering is an experience-driven field
where immediately following the occurrence of an event
(e.g., earthquake, tsunami, hurricane, landslide, or flood),
perishable data that can be used to advance our under-
standing is systematically collected. Observations of actual
events are particularly important in the field of geo-
engineering, because it is difficult to replicate in the labora-
tory soil deposits built by nature over thousands of years
and sediment-water slurries that include large boulders.
Detailed mapping and surveying of damaged areas provides
the data for well-documented case histories that drive the
development of many of the design procedures used by
engineers. Documenting and sharing the key lessons
learned from major events around the world contributes
significantly to advancing research and practice in engineer-
ing.

After the Oso Landslide field investigation is complete, ob-
servations and findings will be posted on the GEER website.
Images from the various investigators also will be posted
on the website and visible through Google Earth. Additional
information is available on the GEER website at:
http://www.geerassociation.org

(April 29, 2014, http://www.geosynthetica.net/geer-
response-washington-landslide)
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Geosynthetic Soil Makes for Superior Bridges

Engineers are using geosynthetic reinforced soils to ensure
that bridges can retain consistent surface levels at the
points where they connect to embankments.

A perennial problem for road engineering is the frequent
disparity in surface levels which arises at the juncture be-
tween a bridge and the embankment to which it connects,
caused by the bridge structure rising slightly higher as it
exerts pressure upon the soil below its surface.

The “bump in the road” that this creates is more than just a
minor annoyance for engineers and drivers. The surface
level discrepancy between the bridge deck and the em-
bankment can damage vehicles traversing the bridge and
can create hazardous road conditions, which increases the
likelihood of accidents.

The height disparity also makes the bridge junction far
more difficult to lay asphalt upon or repair, and in places
which experience severe cold weather can leave the bridge
deck susceptible to damage from snow ploughs.

Engineers from the University of Wisconsin-Madison believe
they have now found a solution to this problem through the
use of geosynthetic materials to put the bridge and em-
bankment on an even playing field.

UWM Civil and Environmental Engineering associate profes-
sor Dante Fratta proposes dispensing with the traditional
method of supporting the bridge and road via separate
structures, with the bridge deck propped up using rigid piles
and embankments borne by compactable soil.

He advocates placing both the bridge and the embankment
on a single support which is firmed up using geosynthetic

reinforced soils (GRS), in order to ensure their surface lev-
els are always consistent.

According to Fratta, the use of a single foundational support
means that the bridge deck and the embankment will al-
ways remain at the same level, even in the case of defor-
mation of the pavement.

Fratta and a team of engineering colleagues have already
trialled the technique in the real world, testing it on a small
bridge which traverses a creek on State Highway 40 to the
south of Bloomer in Wisconsin’s Chippewa County.

The Bump at the End of the Bridge

\]

The Wisconsin Department of Transportation (WisDOT)
adopted Fratta’s approach during the construction of the
bridge in the summer of 2012, creating a 36-metre long
foundation to bear both the bridge deck and the roadway
embankment simultaneously.

The location of the bridge makes it an outstanding test sub-
ject given that the frac sand mining boom in the west of the
state has resulted in an increased amount of heavy vehicle
traffic along the highway route.

WisDOT has monitored the bridge to assess its performance
when subjected to the rigours of heavy cargo traffic, as well
as whether the geosynthetic soil is capable of withstanding
the erosion and scour which occurs on waterways and river
banks.

Initial surveys have found that the Bloomer bridge is per-
forming well, with the only glitch being the embankment
rising above the bridge deck by around three centimetres in
winter as a result of water penetrating the soil and freezing
solid.

Fratta believes the problem can be easily remedied, how-
ever, by altering the composition of soils in the embank-
ment, and using gravel instead of fine particles to reduce
the incidence of swelling.

(Sourceable / 21 May 2014,
http://sourceable.net/geosynthetic-soil-makes-for-superior-
bridges, http://sourceable.net/geosynthetic-soil-makes-for-
superior-bridges/#sthash.DP37DRxH.dpuf)
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Decrepit Dams Could Spell Disaster in the US

Civil engineers in the United States warn that the poor con-
dition of the nation’s ageing dams poses an increasing
hazard to communities and physical assets located within
their immediate downstream vicinities.

Lori Spragens, executive director of the Association of State
Dam Safety Officials (ASDSO), said billions of dollars in
spending is required in order to remedy the problem of the
country’s hazardous dams.
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Much of America’s ageing dam infrastructure is in urgent
need of replacement or upgrade.

According to Spragens, the cost of upgrading the country’s
high-hazard dams alone - defined as those whose failure
has the potential to lead to loss of human life - could run as
high as $18 billion. The bill for providing upgrades to all
dams in country which require them would be a staggering
$53.69 billion.

ASDSO estimates that during the eight-year period from
January 1, 2005 to June 30, 2013 the US suffered from 173
failures, as well as a further 587 incidents which “would
likely have resulted in dam failure” without timely interven-
tion.

The failures include those of the Big Bay Lake Dam in Mis-
sissippi in 2004, which left approximately 100 homes either
damaged or destroyed, and the Ka Loko Reservoir Dam in
Hawaii in 2006, which resulted in the deaths of seven peo-
ple as well as the destruction of state highways assets,
houses and farms.

A study conducted in 2012 by the Center for American Pro-
gress found that in addition to causing an average of 94
deaths per annum, the shoddy state of US water infrastruc-
ture was costing the country approximately $7.2 billion in
damages each year.

The study, entitled Ensuring Public Safety by Investing in
Our Nation’s Critical Dams and Levees, found that over
28,000 dams - equivalent to a third of the US total - were
more than 50 years old, which is generally deemed to be
the threshold of sound usage for such infrastructure. A fur-
ther 14,000 dams were also categorised by the centre as
“high-hazard.”

States listed by the centre as having the the greatest nhum-
ber of “high-hazard dams in need of repair” included Geor-
gia, Pennsylvania, Colorado, Ohio, North Carolina, Indiana,
Mississippi, Massachusetts, New Mexico and New Jersey.

The problem of decrepit dams is just part of the broader
dilemma of ageing and dilapidated US infrastructure, which
was given an abysmal D grade by the American Society of
Civil Engineers (ASCE) in its 2013 report card.

“The nation’s dams are ageing and the number of high-
hazard dams is on the rise,” said the ASCE in its annual
assessment.

The ASCE noted that as a result of population expansion
and the growth of formerly rural communities, the threat to
life and property posed by high hazard dams was becoming
increasingly acute.

“Many of these dams were built as low-hazard dams pro-
tecting undeveloped agricultural land,” the organisation
said. “However, with an increasing population and greater

development below dams, the overall number of high-
hazard dams continues to increase.”

(Marc Howe / Sourceable, 05 June 2014,
http://sourceable.net/decrepit-dams-could-spell-disaster-
in-the-us/#sthash.XQTkhkY6.dpuf)
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Post Office rail tunnel turned into high-tech
sensor lab

Installing underground infrastructure in cities could
become cheaper and faster thanks to technology be-
ing tested in part of the old London Post Office rail-
way.

Cambridge University engineers have turned a section of
the capital’s former underground delivery line into a “smart
tunnel” laboratory for trialling a range of new sensors that
measure disturbances coming from nearby construction
works.

The tunnel runs very close to developments for the new
Crossrail underground railway and the new technology will
enable the researchers to study how existing infrastructure
can move and come under strain from other construction.

An array of sensors is being used to monitor movement,
acceleration, tilt, temperature and humidity in the tunnel.

Being able to better predict what impact a new tunnel
would have could make the construction process much
more efficient, said PhD student Mehdi Alhaddad, a re-
searcher at the Cambridge Centre for Smart Infrastructure
and Construction (CISC).

‘When you design a tunnel, you're conservative because of
all the unpredictable things you can’t measure when you
excavate,’ he told The Engineer.

‘But if you could measure how much the existing tunnels
will move, how much the buildings on top will move with
high level of confidence, then you could be more efficient in
construction, you could be quicker, use less material,
loosen the safety procedures and that would save huge
amounts of money.’

The Post Office tunnel, which was used for 75 years to
transport letters across London and a part of which is now
due to be opened to the public, is just over 2.5m in diame-
ter, while the Crossrail tunnel is 11m wide and the two are
just 20cm apart in certain places.
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The sensors have been designed to use minimal power so
can be left in place for potentially years before the batteries
run out.

Like most existing London Underground tunnels, the Post
Office subway is made of cast iron, which can become brit-
tle over time, and movement of just 1cm could cause it to
crack, said Alhaddad.

The researchers say the four new sensors being trialled
represent a lower cost monitoring system than existing
technology.

Optical fibre installed along the length of the tunnel can
show if it deforms or bends, while wireless displacement
transducers measure displacement of one part of the tunnel
relative to the next and transmit the data to a receiving
station.

The Post Office railway tunnel is in places just 20cm from
the new Crossrail tunnel works.

PhD student Heba Bevan used her experience working for
microchip designers ARM to develop an electronics architec-
ture and manufacturing techniques for an ultra low-power
sensor that measure temperature, humidity, acceleration
and tilt.

The 20g sensor’s long lifetime makes it ideal for under-
ground monitoring, said Bevan. ‘It uses a 220 miliamp bat-
tery and has so far lasted 14 months. The current sensor is
the size of a brick and uses a 19 amp battery that needs
changing every two months.’

Part of its low-power operation is down to software that
allows it to shut down much of its functionality until it de-
tects movement, which it then records and transmits wire-
lessly - rather than constantly making and sending data.

Better monitoring of existing tunnels could help improve the
design of new ones.

The final sensor uses photogrammetry, or computer vision,
to visually detect movements as small as 0.1mm in the
tunnel, using off-the-shelf digital camera equipment much
cheaper than conventional technology, which can cost tens
of thousands of pounds.

Instead of firing a laser between a number of prisms set
along the tunnel to detect movement, the new sensor uses
algorithms to calculate movement as captured in camera
images. Its low cost also means it can be deployed in large
numbers and collect data about more of the tunnel.

The trial has been underway for over a year and is due to
carry on for at least six more months. Alhaddad said he
couldn’t yet reveal what the findings were but said the re-
sults were meaningful.

The sensors’ low-cost means they can be deployed more
widely than existing technology.

‘This will change the way we look at tunnels when they are
going to be affected by construction,” he said. ‘I think it will
change not only the design but also the monitoring.’

(Stephen Harris / theengineer, 12 June 2014,
http://www.theengineer.co.uk/civil-and-
structural/news/post-office-rail-tunnel-turned-into-high-
tech-sensor-

lab/1018746.article?cmpid=tenews 340424#video)
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Earthquakes & Tsunamis: Causes & Information

Almost every year, a large earthquake occurs somewhere in
the world and captures the public's attention. But it's not
the only one—thousands of smaller tremors happen on a
daily basis and often go unnoticed by most people. Al-
though we usually consider the ground to be solid and sta-
ble, the earth is, in fact, constantly shifting under our feet.

What causes earthquakes?

Earth's crust ranges from 3 to 45 miles deep (5 to 70 kilo-
meters), a thin shell. The crust is divided into several
pieces, known as tectonic plates, that are constantly in mo-
tion, sliding past one another in regions known as faults or
fault planes.

But the plates are jagged, not smooth. As they slide, pieces
from one plate often snag on another. As the plates con-
tinue moving, they pull at the entangled sections until fi-
nally tearing them apart. Energy from this separation radi-
ates outward in all directions, including towards the sur-
face, where it is felt as an earthquake.

A large earthquake is often followed by aftershocks, smaller
quakes that result from the crust adjusting to the main
shock. These aftershocks can help scientists target the ori-
gin of the main quake, but can create problems for those
suffering its aftermath.

In this photo taken by tourist Eric Skitzi from England, tour-
ists watch as tsunami waves hit the shore from a safe place
inside Casuarina Beach Hotel resort in Penang, northwest-

ern Malaysia on Sunday, Dec. 26, 2004 as the greatest tsu-
nami in recent history came ashore. The resort hotel life-
guards noticed waves were huge and sounded warning to

all tourists around the hotel beach area to run to the safety

area.

If the earthquake occurs in or near the ocean, it can push
up powerful waves, known as tsunamis.

Measuring earthquakes

An earthquake's size, or magnitude, depends on how large
its parent fault is and how much it has slipped. Because
these faults are several miles deep, geologists can't simply
visit the source to calculate these numbers. Instead, they

rely on a tool known as a seismograph, which measures
how much the earth moves over the course of a quake.

An earthquake's magnitude is ranked on a scale. Earth-
quakes with magnitudes less than 3 occur daily, and are
generally not felt by people at the surface, though millions
occur annually. A magnitude of 3 to 5 is considered minor,
while a quake with a magnitude of 5 to 7 is moderate to
strong. At the higher end, these quakes can be destructive
to cities. Earthquakes from 7 to 8 are major; about fifteen
of these occur annually. Every year, at least one earth-
quake with a magnitude over 8 - a "great" quake - wrecks
havoc. An earthquake with a magnitude of 10 has never
been measured, but it would create widespread devasta-
tion.

By using the readings from at least three seismographs,
geologists can triangulate the origin of the earthquake. At
the fault, that origin is called the hypocenter; on the sur-
face, the epicenter.

Although minor earthquakes occur around the world, most
of the major ones are centered on well-known fault lines.
Californians, for instance, are unlikely to be shocked if they
feel the ground shuddering beneath their feet. But a map
released by the United States Geological Survey in 2011
reveals that 39 out of the 50 states have a moderate to
high seismic hazard risk. Many of these are due to the 'New
Madrid' fault in the center of the country, which runs from
St. Louis to Memphis.

EARTHQUAKES

More than 100 years of earthquakes glow on a world map.
Preparing for disaster

Scientists have not yet come up with a way to forecast
earthquakes. Although animals are reputed to have a sixth
sense when it comes to these vibrations, there has been no
research to confirm it, much less determine how such pre-
dictions might occur.

However, there are some basic things that can be done to
prepare for an earthquake. The Federal Emergency Man-
agement Agency recommends that all families everywhere
should have an emergency kit in their home and car, and
communicate with your loved ones a plan for any type of
disaster (not just for earthquakes). Such preparation can
make a difference not only physically but emotionally.

If you live in known earthquake territory, make sure your
shelves are firmly attached to the walls, with heavy objects
on lower shelves. Keep heavy hanging objects away from
beds and sitting areas, and brace overhead lighting fix-
tures. Locate a safe place in each room, under a sturdy
desk or table, where you can seek refuge from falling ob-
jects. Reinforced doorways can be a safe shelter, but most
indoor doorways are not strong enough; a sturdy desk is
likely to provide more protection.

If you are outside, get into an open area, away from struc-
tures or bridges. According to FEMA, many deaths in the
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1933 Long Beach earthquake occurred when people ran
outside, only to be crushed by falling debris from collapsing
structures. Remember that the shaking ground rarely
causes injury or death; instead, it is the falling objects that
result from the quake. If you are in a car, stop as soon as
you are able, but stay inside the car. If you are at or near
the beach, move quickly inland to avoid potential waves
from tsunamis.

After an earthquake, proceed with caution. Remember that
most earthquakes are generally followed by aftershocks.
Keep an eye (and a nose) out for gas leaks. If you were
inside during the quake, move outside. Listen for public
service announcements; a battery-powered radio is ideal
for your emergency kit.

Famous quakes

1811-1812 — Missouri. In the early nineteenth century, a
series of several earthquakes spread through the center of
the United States. No seismographs existed at the time, so
researchers used data to determine that the magnitudes of
the quakes ranged between 7 and 8. The ground rose and
fell, and huge waves formed on the Mississippi, causing
some portions of the river to appear to flow backwards.

1906 — San Francisco, California, Magnitude: 8. Ap-
proximately 3,000 people died from the earthquake and
resulting fire. The fault line causing the quake was exposed
at the surface, a rare occurrence.

%

Great San Francisco Fire and Earthquake - April 18, 1906

1923 — Tokyo, Japan, Magnitude: 8.25. One of the
world's most destructive earthquakes, over 142,000 people
died from collapsing buildings and the resulting firestorm.
The quake also resulted in enormous waves.

1960 — Chile, Magnitude: 9.5. The largest earthquake in
the world, the 1960 quake in Chile killed over 1,600 people,
with many of the deaths resulting from tsunamis along the
coast. Waves reached 38 feet (11.5 meters) and carried
debris as far as two miles inland.

1970 — Peru, Magnitude: 7.9. Approximately 66,000
people died, many from collapsed buildings and the result-
ing avalanche.

2004 — Indonesia, Magnitude: 9.1. The third largest
earthquake in the world in the last century killed over
227,000 people. The shaking of the ground resulted in
powerful waves that ravaged 12 Asian countries.

2011 — Japan, Magnitude: 9.0. Over 20,000 people
were killed when an earthquake in northern Japan triggered
a giant tsunami. The shaking damaged several nuclear re-
actors, creating new problems to people in the midst of
destruction.

(Nola Taylor Redd / licescience.com, July 09, 2012,
http://www.livescience.com/21486-earthquakes-
causes.html)
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Buried 'Soda Fizz' May Solve Mystery of
Coasting Tectonic Plates

Tectonic plates of the Earth.

The carbon dioxide that makes soft drinks fizz could help
solve the mystery of why rocks melt the way they do be-
neath the seafloor, researchers say.

These findings could help explain the motion of the giant
tectonic plates that surf over Earth's mantle (the rocky in-
ner layer above the core). By understanding these move-
ments, scientists can get a better picture of how the conti-
nents have drifted over time, as well as gain more insight
into disasters such as earthquakes and volcanic eruptions.

Scientists think a layer of relatively soft, weak rock in
Earth's upper mantle layer sits right underneath the
planet's crust, or outer layer. This layer would help lubri-
cate the motion of tectonic plates and explain how they can
move as freely as researchers have observed.

A popular candidate for the source of this lubrication is a
very small degree of melting of the upper mantle. Such
melting would also explain the high electrical conductivity
seen in the rock below the plates, as well as the low speed
or velocities of seismic waves rippling through them.

However, this idea has run into trouble, because computer
models had suggested a relatively large amount of molten
rock was needed to explain the electrical properties and
seismic velocities seen under the oceanic tectonic plates.
Such large amounts of molten rock could escape from the
surrounding rock, which is not what investigators have
seen.

To help solve this mystery, researchers analyzed in the lab
what happened if the kind of silicate rock found in the man-
tle was rich in both water and carbon dioxide, the basic
ingredients of soda water. Surface rock that is rich in water
and carbon dioxide gets driven into the mantle at the bor-
ders of tectonic plates.In lab experiments, the investigators
subjected this "juice, a molten mixture of carbon dioxide,
water and silicate," to the kinds of high pressures and high
temperatures found in the mantle, said study author Fab-
rice Gaillard, a geoscientist at the University of Orleans in
France.
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The scientists found this melted rock was highly electrically
conductive. Their computer models suggest that very small
amounts of such molten rock — making up less than 0.5
percent of the mantle's volume — could explain both the
electrical properties and seismic velocities seen under oce-
anic plates.

"Such a small amount of melt could have a major impact on
large-scale processes — a bit like David winning against
Goliath," Gaillard told Live Science.

The scientists detail their findings in the May 1 issue of the
journal Nature.

(Charles Q. Choi / livescience.com, April 30, 2014,
http://www.livescience.com/45246-plate-tectonics-
mystery-solfved.html)
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Types of Faults

Faults are fractures in Earth's crust where rocks on either
side of the crack have slid past each other.

Sometimes the cracks are tiny, as thin as hair, with barely
noticeable movement between the rock layers. But faults
can also be hundreds of miles long, such as the San An-
dreas Fault in California and the Anatolian Fault in Turkey,
both of which are visible from space.

Figure 1: Comparative fault behavior

Before faulting—
_No offset of layers

Fault lines are usually much thinner than their length or
depth. Earthquakes that occur on faults are generally about
375 miles (600 kilometers) deep. Below that, rocks are
probably too warm for faults to generate enough friction to
create earthquakes.

Three types of faults

There are three kinds of faults: strike-slip, normal and re-
verse faults. Each type is the outcome of different forces
pushing or pulling on the crust, causing rocks to slide up,
down or past each other.

Strike-slip faults indicate rocks are sliding past each
other, with little to no vertical movement. Both the San
Andreas and Anatolian Faults are strike-slip.

Normal faults create space. Two blocks of crust pull apart,
extending the crust. The Basin and Range Province in North
America and the East African Rift Zone are two well-known
regions where normal faults are spreading apart Earth's
crust.

Reverse faults, also called thrust faults, squeeze the
crust, pushing two blocks of crust on top of each other.
These faults are commonly found in mountain ranges such
as the Himalayas and the Rocky Mountains.

Strike-slip faults are usually vertical, while normal and re-
verse faults are often at an angle to the surface of the
Earth. The different styles of faulting can also combine in a
single earthquake, with one fault moving in a vertical and
strike-slip motion.

(Becky Oskin / OurAmazingPlanet Staff Writer, May 31,
2013, http://www.livescience.com/37052-types-of-
faults.html)

Herizontal offset = Strike-slip fault
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New origin seen for Earth's tectonic plates

Continual diving of crust into mantle is suffi-
cient to explain formation of plate boundaries.

The San Andreas fault in California marks the meeting of
the Pacific and North American tectonic plates.

Earth's tectonic plates may have taken as long as 1 billion
years to form, researchers report today in Nature.

The plates — interlocking slabs of crust that float on Earth's
viscous upper mantle — were created by a process similar
to the subduction seen today when one plate dives below
another, the report says.

Starting roughly 4 billion years ago, cooler parts of Earth's
crust were pulled downwards into the warmer upper man-
tle, damaging and weakening the surrounding crust. The
process happened again and again, the authors say, until
the weak areas formed plate boundaries. Other researchers
have estimated that a global tectonic plate system emerged
around 3 billion years ago.

The finding offers a possible answer to an enduring puzzle
in geology: how Earth's tectonic plates emerged. The sub-
sequent movement of the plates has erased much of the
evidence of their origin, says Paul Tackley, a geophysicist at
Swiss Federal Institute of Technology (ETH) in Zurich, Swit-
zerland.

Prior studies suggested the age of the plates, based on evi-
dence of subduction gathered from minerals preserved in
ancient rocks. The oldest such specimens are 4-billion-year-
old zircons found in the Jack Hills of Australia, which appear
to have formed at temperatures and pressures that are
indicative of subduction.

Grains of time

To go a step further and investigate how the plates formed,
the study's authors developed a computer model of Earth's
crust as it may have existed billions of years ago, on the
basis of mineral grains found in mantle rock. The model
included a low-pressure zone at the base of the crust,
which caused a piece of the crust to sink into the upper
mantle — mimicking conditions thought to have occurred
early in Earth's history.

As the process repeated over time, it created a large tec-
tonic plate with an active subduction zone. Over a much
longer period, the same process could have created many
tectonic plates, says co-author David Bercovici, a geophysi-
cist at Yale University in New Haven, Connecticut. “We've
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got a physical mechanism to explain how it could have hap-
pened,” he says.

This stands in contrast to conditions on Venus, where simi-
lar subduction occurs but has not produced tectonic plates.
Conditions on Venus are much warmer, allowing the crust
to better heal after a piece sinks down into the mantle. Ber-
covici's model suggests that early subduction created weak
spots in Earth's crust that are now plate boundaries. Plate
tectonics is defined by the idea that strong plates are sepa-
rated by weak boundaries, and action at those boundaries
creates geological phenomena such as volcanoes, moun-
tains and earthquakes, he notes.

“They produce a model that plausibly explains what we
see,” says Michael Brown, a petrologist at the University of
Maryland in College Park. It shows how to start subduction
and how that could have progressed to global tectonics,
and it provides an amount of time between the two — 1
billion years — that is consistent with the rock record, he
adds.

Robert Stern, a geologist at the University of Texas in Dal-
las, contends that there is no firm evidence of plate tecton-
ics earlier than 1 billion years ago, but says that their the-
ory of the mechanism behind plate formation is “the first
interesting example of how it might have occurred”.

Nature, doi:10.1038/nature.2014.14993
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Big Earthquakes Come From Old, Strong Faults

A collapsed building after the Aug. 26, 1999 Izmit, Turkey
earthquake.
Credit: USGS

When forecasting the much-feared "Big One" — the next
devastatingly large earthquake — scientists should look to
the oldest parts of a dangerous fault, researchers said here
today (April 30) at the annual meeting of the Seismological
Society of America.

To pinpoint the earthquake risk from big faults, the kind
that slice across hundreds of miles of Earth's crust, re-
searchers examined 2,000 vyears of historical earth-
quakes on Turkey's North Anatolian Fault Zone. The largest
earthquakes struck on the older, eastern section of the
North Anatolian Fault, said lead study author Marco
Bohnhoff, a seismologist at the GFZ German Research Cen-
ter for Geosciences in Potsdam.

Geoscientists, Bohnhoff said, have argued for a relationship
between fault age and earthquake size for decades, but it
has never been confirmed with historical records. The re-
search team also looked at more recent instrumental re-
cords, from earthquake monitors called seismometers to
geologic studies of sudden earth shifts during past quakes.

In the older, eastern portion of the fault, past earthquakes
were no larger than magnitude 8.0, on average, the re-
searchers found. The western, younger segments triggered
quakes no larger than magnitude 7.4. (A magnitude-8.0
earthquake is eight times stronger than a magnitude-7.4
earthquake.)

Older faults are more likely to unleash larger earthquakes,
because they are smoother and better organized than their
younger counterparts, said U.S. Geological Survey geologist
David Schwartz, who was not involved in the study. This
smoothness helps a fault unzip farther during an earth-
quake, releasing more damaging energy. For example,
young faults are rough and may have several branches, or
interlinked fractures, which limit earthquake size. Over
time, repeated earthquakes smooth these rough surfaces
and link up the fractures into one primary fault.

The North Anatolian Fault was born about 12 million years
ago, when the Eurasian and Anatolian tectonic plates
started sliding past one another. Today, the 745-mile-long
(1,200 km) fault is one of the biggest strike-slip faults in
the world, similar in length to California's San Andreas
Fault.

Turkey's largest city, Istanbul, lies at the younger, western
end of the North Anatolian Fault. The findings suggest the
seismic hazard for Istanbul probably does not exceed an
earthquake greater than magnitude 7.4, Bohnhoff told Live
Science's Our Amazing Planet. However, the city is still at
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significant risk from future earthquakes because of non-
earthquake-resistant building construction, Bohnhoff said.

"This is one more piece in better understanding the earth-
quake machine," Bohnhoff said. "Understanding where we
can expect shaking can help us to build more stable build-
ings."

(Becky Oskin, Senior Writer / LiveScience.com, April 30,
2014, http://www.livescience.com/45258-old-faults-cause-
biggest-earthquakes.html)
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Are scientists getting closer to predicting major
earthquakes?

Looking at seismic activity that preceded last month's 8.2-
magnitude earthquake in northern Chile, a pair of geolo-
gists says it might be possible to predict large quakes.

"Statistical models of interacting earthquakes suggest that
big earthquakes are most likely to happen when regional
earthquake activity is high," write Emily Brodsky and
Thorne Lay in a research article published May 16 in Sci-
ence. However, even though small earthquakes often pre-
cede large ones, they are not always followed by a bigger
quake. The trick for scientists is figuring out when they're a
sign of something worse to come.

"As far as different precursors being studied around the
world, there's about a dozen of them," said David Nabhan,
author of the 2013 book "Earthquake Prediction: Answers in
Plain Sight." The methods under investigation include py-
roelectric effect, which measures electrical signals gener-
ated by crystals deep in the Earth's core when they are put
under immense pressure; looking at differences in conduc-
tivity along fault lines; changes in water level; monitoring
geo-hydrochemical gases as they are vented; and studying
high-energy proton bursts.

Brodsky and Lay's approach looks at recent seismic activity
coupled with history of large-scale quakes in the area.
Looking at the activity preceded the April 1 quake in north-
ern Chile and a 2011 quake that hit Tohoku, Japan, they
found that "combining the seismic signals with the tectonic
context may provide a guide as to whether such sequences
are foreshocks" preceding an imminent, major earthquake.

When a series of quakes happens in an area where the
plate boundary is frictionally locked, as happened in Tohoku
and northern Chile, they are likely a precursor to a larger
quake. In northern Chile, nearly 2 weeks of moderate to
large offshore quakes preceded the main quake. There had
not been a massive quake in either northern Chile or To-
hoku, Japan, in more than a century.

They compared these two cases to a series of quakes that
hit Coquimbo, Chile, in 1997, an area of central Chile that
had experienced a massive quake in 1943. That sequence
did not end in a massive quake.

Brodsky and Lay indicate that this is evidence to support
the theory that more pressure, due to locked plate bounda-
ries, leads smaller sequences of quakes to foreshadow a
massive quake. Areas that have recently experienced large
quakes are less at risk. "With a relatively short time since
the last large event, less strain should have built up," they
wrote.
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They do not claim to have the perfect formula, though,
concluding that "whether earthquakes are predictable or
not is still an open question, but perhaps there is now some
cause for optimism."

The only way to determine if they are predictable, says Lay,
is is to add more seismic-activity measuring devices off-
shore, where early-warning clues are most likely to be
found. It's a massive investment, he says, adding that the
article is a call for better instrumentation.

(Danielle Elliot / CBS NEWS, May 16, 2014,
http://www.cbsnews.com/news/are-scientists-getting-

closer-to-predicting-major-earthquakes)

Recognizing Foreshocks from the 1 April 2014
Chile Earthquake

Emily E. Brodsky, Thorne Lay

Are there measurable, distinctive precursors that can warn
us in advance of the planet's largest earthquakes? Fore-
shocks have long been considered the most promising can-
didates for predicting earthquakes. At least half of large
earthquakes have foreshocks, but these foreshocks are
difficult or even impossible to distinguish from non-
precursory seismic activity. The foreshocks for the 1 April
2014 Chile event and other recent large earthquakes sug-
gest that observable precursors may exist before large
earthquakes.

Science 16 May 2014: Vol. 344 no. 6185 pp. 700-702, DOI:
10.1126/science.1255202

http://www.sciencemag.org/content/344/6185/700
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Kepalovia: O oeiopog Tou Iavoudpiou «yévvn-
oe» VEEG napalisg

O oeiopog Twv 5,8 Pixtep Tou lavouapiou dev €pepe HOVO
KATAOTPO®EG Kal Novo yia Tnv Kepalovid aAAd kai «3dnui-
oupyia» VEwV napaiiwv.

ST0 VOTIO AKPO TNG XEpoovroou TNG MaAikng kel mou npwTa
n 6ailacoa £pBave PEXPI To Bpaxo, e UYWoG ONwG paiveTal
kal and To onuadi nou éxel agnael

SUPQWVA PE PEAETN €PEUVNTIKNAG opadag Tou MNavenioTnuiou
ABNVWV e ENIKEPAARG ToV avanAnpwTn kaénynTn M. MNana-
donoulo otnv nepioxn TNG MaAikng, n yn os opiouéva on-
Meia €xel avuywBel €wg kal katd 20 €kaTooTd dnNUIOUPYWV-
Tag napaAieg ekei nou dev unnpxav.

H nmio peyaAn kar eggavig allayn karaypdaenk ortn B6€on
AIBAd1 O6Mou e€Kei MOU UMNMAPXE MIA OTEVR napaAlia, Twpa u-
napxel pia napalia apkeTwv PETpwV WE KAion. H TepaoTia
auTr €néKTaon OQeiAeTAl OTO Yeyovog OTI n O6dAacoa ekei
fTav noAu pnxn.

H napaAia oto AIBadI npiv Tov OEIoUO

H napaAia oto AIBadI WETA TO OEIOUO

AvTtioToixa oTov udpofiOTOno nou PBpioKeETal OTNV Miow
NAEUpPa TNG napaliag €xel avéBel N oTaduUN Tou vepou.

H opada Tou k. ManadnunTpiou, (o enikoupog kabnynTng I.
Kaoodpag, ol JETANTUXIAKEG QOITATPIEG B. MnTponoUAou Kkai
A. AayondTn, kal o nponTuxiakog goitntg N. FaAavog) oa-
pwae TNV nepioxn TnG MaAikng kouBaAwvTag navrou €1dikd
€EonAIopo AapBavovTag PETPAOEIC PHE OEITHOYPAPo Kade duo
XINIOMETPA yia Tov Npoadiopiouo Tou HikpoBopURou.

SUPQWvVA Je Ta dedopEVa MOU OUVEAEEAV, Kal QEPVEI OTN
dnuooiotTnTa «To BHMA», n €dagikn enitaxuvon ano Tn d6-
vnon fATav dinAdoia TnG npoBAENOHEVNG OTOV AVTIOEIOUIKO
Kavoviouo yia Tnv Tpitn {wvn oTtnv onoia evrdoostal n Ke-
(alovia.

«ZNUEIOVETAl OTI O KATAYPAPEG EMITAXUVOIOYPAPWY OTNV
MaAikn (An&oUpi1, XaBpiata) napouciacav a&loonusiwTn u-
népBaon TnG avwTaTng TIUAG (0,36 g) nou npoPAEnel o Néog
AvTioeIopikOG Kavoviopdg (NEAK). Or TINEC TNG eMITAXUvong
nTav 0,6 g kai 0,8 g oto An&oUpI kai oTa XaBpiarta avTioTol-
Xd.

AvTioToIXN €IKOVa gixape yia TIC BAGBEG KATAOKEUWY Kal TIG
€dapikeg aoToxieg (HAKPOOEIOUIKEG NAPATNPROEIG), OTAV OF
YEITOVIKEG MEPIOXEG N KaATavoun Twv BAaBwv ATAv avouolo-
Hoppn, KAMOIEG MEPIOXEG NAPOUCIAOAV EKTETAMEVEG, AAAEG
NIYOTEPEG Kal AAAEG eAaXIOTEC BAABEG 1 AOTOXIEC» ONUEIMVEI
o k. ManadonouAog.
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(02.06.2014,
http://infognomonpolitics.blogspot.gr/2014/06/blog-

post 3006.html?utm source=feedburner@utm medium=e
mail&utm campaign=Feed:+InfognomonPolitics+(Infogno
monPolitics)#.U44Can] t6E)
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Z€I0H0i OTO HEYAAUTEPO KOITAOHA AEpPioU oTNV
Eupwnn

AypokTnua 110 eT®v, nou ungaTn ZnKIEC anod OeIoud OTNV
upUTEPN NEPIOXN TOU XPOVIVYKEV.

Katw anoé Ta npaciva AIBadia Tng BopeioavaToAikng OAAav-
diag BpiokeTal To KoOITAOWa TOU XPOVIVYKEV, To HeyaAUTeEpo
KoiTaopa QuaikoU agpiou otnv Eupwnn, nou napdayel acrta-
paTnTa anod To 1959.

KaBwg To koiTaopa yepvael, n Mieon TOU Agpiou WPEIQVETAI
Kai ol ggiopoi nAnBaivouv. Mavw and 120 osioyoi gyivav né-
pual Kal TouhaxioTov 40 PEXPI OTIYMAG PETOC. O1 oglopoi dev
£€X0UV npo&evnoel coBapoug TpaupuaTiopoUg i BavaToug, aA-
NG €xouv Npo&evnoel onuavTikeG CnNMIEC O KTipia, £Xouv B&-
o€l 0g KivOUVO TOUG YEITOVIKOUG USATOPPAKTEG KAl €XOUV
npo&evnoel @ORo Kal opyr O0TOUG KATOIKOUG.

AOYW TwV npoBAnuatwv, n oAAavdikn kuBepvnon Intnoe a-
ndé Tnv koivonpagia Tng Shell kai Tng Exxon Mobil, nou ekpe-
TaAAeUeTal TO KOITAOWA, va MEIWOEl TNV napaywyn kard
20% kal va enavensvdUoel PEPOC TWV KEPOWV OTNV TOMIKA
olkovopia. MNavw and To koiTaopa, nou kataAapBavel kTa-
on 900 TeTpaywVvIK®V XIAIOPETpwY, {ouv 150.000 avBpwnol.

H oAAavdikn kuBEpvnon npoonabsi va ano@uUyel NepaITEPW
MEiwon TNG napaywyng, kabwg To KoiTaopa ouveiopepel 12
310. EUpW TOV XPOVO OTOV KpaTiko mpoUnoAoyiopd. H Shell
Kal n Exxon dgv avakolvwvouv Ta kEpdn Toug and To Xpo-
VIVYKEV, GAAG, oUNQWVA HPE EKTIMNACEIG, Ta KEPSN TOug ano
TO KoiTaopa aveépyxovTtal o 1 dig. EUPW TOV XPOVO.

H avtAnon aepiou oTo XpOVIVYKEV YIVETAl HE OUMUPATIKEG E-
0000ug, aAAG Ta yewAoyika npoBAANaATa TNG avrtAnong npo-
O(QEPOUV VEA EMIXEIPAMATA €vavTiov TNG USPAUAIKNAG AVTAN-
ong aepiou anod oxIoTOAIBo, n onoia eniong npo&evei oel-
OHOUG.

Mapa Tig KUPBEPVNTIKEG EVEPYEIEG, MOAANOI KATOIKOI APPIBAA-
Aouv av Ba aAA&Eel kaTi. O1 osiopoi, nou Eekivnoav oTIg ap-
XEG TNG dekaeTiag Tou 1990, yivovTal MpoodEUTIKA OUXVOTE-
pol Kal 1oxupoTepol. Tov AUyouaTto Tou 2012 n nepioxn ne-
pace €va «OeIOUIKO KATW®AI», HE Oglopd 3,6 BabBuwv Tng
KAipakag Pixtep. «Tn oTIydn €Keivn, N NePIOXn KaTaAaBe Tov
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npaypariko kKivouvo», €ine o dfpapyxog Tou Adnepooup, AA-
MMEPT POVTEVHMOYK.

Kabwg To aépio gelyel and Tov nopwdn acBeoToAiBo Kai
aveBaivel oTnv eni@daveid, To NETPWHA CUPPIKVOVETAlI 0av
NIECUEVO OQOUYYApl. Z€ KAMOIEG MEPIOXEG, TO PAIVOUEVO
auTo éxel BubBioel To £daPog KaTd 35 €kATOOTA, UMNOXPEWVO-
vTag Tnv koivonpa&ia Twv Shell kai Exxon va enevduoel on-
MavTikG nood oe otabuoucg avrAnong uddTwv Kal aAAa ou-
otnuara diaxeipiong.

MeTa ToV OEIoUO Tou 2012, TO HETEWPOAOYIKO IVOTITOUTO TNG
OAAavdiag aveBaage TIG EKTIUNOEIG YIA TO avwTATo meavd pe-
yeBog ogeiopoU ota 5 Pixtep, dnAadn 30 QopEg navw ano T
nPonyoUUEVEG eKTIMNOEIG. O1 OEIOPOI €ival ENIPAvVEIakoi, KATI
Mou TOUG KAVEI MIO KATAOTPOPIKOUG, €V TO YEYOVOG OTI N
neployn dev ATAV CEIGUOYEVNG onUaivel 0TI Oev €XEl AVTICEI-
OMIKEG KATAOKEUEC.

H NTaviéAa MRAAGvkev, YpaupaTeéag TOMIKAG &vwong KaToi-
KWV, ONUEI®VEI OTI N Napaywyn npenel va peiwbei katd 40%
kal va undp&esl ave€apTtnTn eniBAswn Tng koivonpa&iag. «O
KOOWOG dev Bewpel TNV koivonpagia wg yeiTtova aAAd wg €io-
BoA£a», Aégl n MNAGVKeV.

O1 O£IOPOAOYOI EKTIMOUV NG av WelwBei n dvtAnon aspiou
oTO €nikevTpo MBbavwg Ba peiwdei n ogiopikdTNTA, AAAd To-
viouv OTI auTd €ival KAt nou 6a Qavei ouv Tw XPovw. Ol
KATOIKOI TOvifouv OTI AuTO TO TEOT JeV HMOPEi va anoTuxeEl.
«EoTw Kal évag avepwnog va nedavel», Tovilel n MAAavkey,
«n nepioxn 6a naper PWTIA».

(H KAOHMEPINH - Stanley Reed / THE NEW YORK TIMES,
06.06.2014,
http://www.kathimerini.gr/770667/article/epikairothta/kos
mos/seismoi-sto-megalytero-koitasma-aerioy-sthn-eyrwph)
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ICE Case Study - Strata SE1

Post-tensioned slabs used to achieve greater flexibil-
ity, speed up construction and reduce CO2

Strata SE1 is a 147 metre high, 43-storey residential devel-
opment which forms the focal point of the £1.5 billion, 170
acre regeneration of the Elephant and Castle area in central
London. The innovative design of the structure creates a
dramatic landmark on the London skyline and is the first
building in the world to have three integral wind turbines,
each nine metres in diameter, which are housed in the
twenty metre section at the top of the tower. This
36,600m2 development comprises 408 apartments which
have far-reaching views across the Capital. Post-tensioning
specialist CCL was commissioned to undertake the specialist
post-tensioning design, supply and installation.

Design Objective

The objective for the design provided by CCL was to create
a flat soffit within minimal floor to floor heights whilst at the
same time maintaining an optimal slab thickness. A 200mm
thick floor slab was achievable for typical residential floor
spans - 3000mm structural floor-to-floor height; 2500mm
floor-to-ceiling height to living rooms and bedroom.

How post-tensioning was used

The use of post-tensioning on this project made it possible
to achieve long spans with difficult plan geometry, to main-
tain a structural depth of typically 200mm on spans of up to
nine metres. This slab depth would have proved impossible
using traditional reinforced concrete construction methods.
At the same time the post-tensioned slabs provided deflec-
tion and crack control for these spans across the tower.

In terms of value for money, the post-tensioned floors pro-
duced savings of at least 15 per cent of the costs of the
superstructure materials alone and further cost reductions

would have been achieved because of the rapid construc-
tion schedule CCL was able to realise (just over one floor
per week) and the use of climbing screens and a formwork
hoist.

Minimal quantities of traditional reinforcement were re-
quired which in turn minimised the financial risk to the cli-
ent over a long construction period in an uncertain market.
Waste materials were kept to a minimum and all such items
were recyclable.

Source of further information: www.cclint.com

Keywords: Strata, CCL, post-tensioning, post-tensioned
slabs, long spans, flexibility, flat slab
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Ev apxn nv o AivoTaiv
‘Eneira ano avalntnon 80 eTowv, HEB0d0G yia Th
HETATPONN TOU PWTOG O UAN

Ano To WG eyéveto pala. Méxpl onpepa, Kaveig dev Exel
anodei&el neipapatika Tn Bewpia Twv Mnp&iT kar Ouikep yia
TN MeTaTponn.

H pala eival 1I00d0vapn TnNG evépyeiag, NpoERAewe o AivoTa-
Iv. Baoel autng Tng Bswpiag, ol BewpnTIKoi PuUOIKOi NpoOTEl-
vav apyoTepa Tnv 10€a TNG WETATPOMNNG TOU PWTOC o€ UAN.
Oyd0ovTa Xpovia PETA, EpEUVNTEG oTn BpeTavia kal Tn Mepua-
via unooTnpilouv OTI enivonoav Wia neipapaTikn diaTta&n nou
Ba anodei&el yia NpwTN Popd Tn Bewpia.

H 18¢a Tng 10o0duvapiag palac kal evepyeiag, dnAadn n 10€a
OTI N Jala evoG AvTIKEIMEVOU AMNOTEAEI JETPO TOU MEPIEXOME-
VOU TOU O€ evEpYElQ, CUMNUKVWVETal oTn didonun egiocwan
E=mc?, n onoia diatun®Bnke To 1905 and Tov AAUNePT Alv-
oTalv oto nAaiolo TnG Mevikng ZXETIKOTNTAG.

Aiya xpovia apydtepa, To 1934, ol Qpuaikoi Mkpgykopl Mnpé-
IT kal TCov Ouilep nepieypawav pia BswpnTikn diadikacia
yla Tn HETATPOMNM TOU PpWTOG -HIag HOPPRG EVEPYEIAG- g€ U-
An, uia diadikacia nou Ba anoteAoUos opaTh €KPpacn TNng
I00duvapiag Tou AivaTaiv.

O1 unoAoyiopoi Twv MnpeT kai Ouilep €deixvav OTI o anAou-
OTEPOG TPOMOC YIA TN METATPONN TOU PWTOC O UAN €ival ol
OUYKpoUOoEeIg avapeoa o€ wTOVIA UWNARG EVEPYEIAG, ano TiG
onoieg 6a npoékunTav (euydapia nNAEKTpoviwv Kal noliTpovi-
wv (avTi-nAekTpoviwv). Ta ewTovia dev £Xouv pala, evo Ta
NAEkTPOVIa Kal Ta NodITpovia £XOUV Kal ENOMEVWG BEwWPOUV-
Tal UANIKG cwparidia.

«Mapa To yeyovog OTI OAol ol Quaoikoi anodéxovTal Tn Bew-
pia wg opBn, ol idlol oI MNp&IT kal Ouilep dnAwvav OTI dev
nepipgevav note va Tn douv va anodeikvUETAl OTO EpyAcTrpl-
0. ZNuepa, oxedov 80 xpdvia PeTA, anodeikvUoupe OTI €ka-
vav AadBoc» unepn@aveveral o kadnyntng =TI Pdoul Tou
Imperial College oTo Aovdivo.

Se guvepyaoia Ye epeuvnTEG Tou IvaTiTouTou Mupnvikng du-
o1kng Max Planck otn l'eppavia, n opada Tou Pdoul nepiypd-
®e1 Tn vea 10€a oTnv eniBewpnon Nature Photonics.

H neipapatikn di1aTagn nou @avrtaoTnkav anoTeAsital ano
dUo Baoika TuNAUaTa, kabéva anod Ta onoia napdyel pia de-
OUN QWTOVIWV HE €EQIPETIKA MIKPO WAKOG KUMATOG, MAKOG
KUMATOC MOU avTIOTOIXEI 0TO (PACHA TWV AKTIiVWV yauua.

2TO NPWTO TUAMA TNG dIATA&ENG, Hia NoAU 1oxupr OEoun A&l-
Cep eniTaxuvel nAekTpdvia oxedoOv WEXPI TNV TaxuTnTa Tou
QWTOC Kal Ta avaykalel va ouykpouoToUVv e Wia NAdka ano
XPUCO, ONOTE dNUIOUPYEITAl N NPWTN JECUN PWTOVIWV.

10 deUTEPO TUNAMA TNG d31aTaéng, n SEoun QwToviwv napd-
YETal anod pia déopn Aéilep nou BouPapdilel pia pikpn ou-
OKEUN anod Xpuod Nou XpnolJonolsiTal o€ nelpduata nupnvi-
KNG oUvTNENG kar ovopdletal holhraum («adeio dwpaTio»
oTa YEpHAVIKA).

H d¢oun @wToviwv nou napayesral anod 1o Boupapdiond Tou
holhraum avaykdaleral va ouykpouoTei HeE TNV NpWTN OE0UN
QwToViwv, onoTe napayovtal {elyn nAekTpoviwv Kkal nol-
Tpoviwv Ta onoia pnopoUv va avixveubouv HE OXETIKI EUKO-
Aia.

O1 epeuvnTeg dlaBeBai®vouv OTI TO MEipapa €ival «OXeTIKA
€UKOAO» va npaypatonoindei Pe TIG ONUEPIVEG TEXVOAOYIEG.
Kal autd onuaivel 0TI Ta endpeva xpodvia o AivoTdiv Kai ol
MnpeT-Ouilep Ba pnopoloav va dikaiwBoUv opIoTIKA.

‘Onwg paiioTa unooTnpifouv ol gpeuvnTéG, N anodeign Tng
Bewpiac MnpeT-Ouilep Ba £Bale To TEAEUTAIO KOUUATI OE €va
naf\ QUOIKNG Nou NePIyPAPEl TOUG TPOMOUG HE TOUG OMoioug
To QWG aAANAEMIdpa Pe TRV UAN.

Ta dAAa koppdaria Tou nal\, 6nwg n Bswpia Tou AloTaiv yia
TO PWTONAEKTPIKO paivopevo kal n Bewpia Tou MoA NTipdk
yia Tnv apoiBaia €€oudeTépwon TV NAEKTPoviwV Kal noli-
Tpoviwv, MPogkUWav and HEAETEG nou TeAikd PBpaeuTnkav
ME NOuneA.

(BayyeAng NpaTikdkng / Newsroom AOA, 19 Mai.
2014, http://news.in.gr/science-
technology/article/?aid=1231320326)

Scientists discover how to turn light into matter af-
ter 80-year quest

Imperial physicists have discovered how to create
matter from light - a feat thought impossible when
the idea was first theorised 80 years ago.

In just one day over several cups of coffee in a tiny office
in Imperial’s Blackett Physics Laboratory, three physicists
worked out a relatively simple way to physically prove a
theory first devised by scientists Breit and Wheeler in
1934.

Breit and Wheeler suggested that it should be possible to
turn light into matter by smashing together only two par-
ticles of light (photons), to create an electron and a posi-
tron - the simplest method of turning light into matter
ever predicted. The calculation was found to be theoreti-
cally sound but Breit and Wheeler said that they never
expected anybody to physically demonstrate their predic-
tion. It has never been observed in the laboratory and
past experiments to test it have required the addition of
massive high-energy particles.

The new research, published in Nature Photonics, shows
for the first time how Breit and Wheeler’s theory could be
proven in practice. This ‘photon-photon collider’, which
would convert light directly into matter using technology
that is already available, would be a new type of high-
energy physics experiment. This experiment would recre-
ate a process that was important in the first 100 seconds
of the universe and that is also seen in gamma ray
bursts, which are the biggest explosions in the universe
and one of physics’ greatest unsolved mysteries.

The scientists had been investigating unrelated problems
in fusion energy when they realised what they were work-
ing on could be applied to the Breit-Wheeler theory. The
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breakthrough was achieved in collaboration with a fellow
theoretical physicist from the Max Planck Institute for
Nuclear Physics, who happened to be visiting Imperial.

Demonstrating the Breit-Wheeler theory would provide
the final jigsaw piece of a physics puzzle which describes
the simplest ways in which light and matter interact (see
image). The six other pieces in that puzzle, including
Dirac’s 1930 theory on the annihilation of electrons and
positrons and Einstein’s 1905 theory on the photoelectric
effect, are all associated with Nobel Prize-winning re-
search (see image).

Professor Steve Rose from the Department of Physics at
Imperial College London said: “Despite all physicists ac-
cepting the theory to be true, when Breit and Wheeler
first proposed the theory, they said that they never ex-
pected it be shown in the laboratory. Today, nearly 80
years later, we prove them wrong. What was so surpris-
ing to us was the discovery of how we can create matter
directly from light using the technology that we have to-
day in the UK. As we are theorists we are now talking to
others who can use our ideas to undertake this landmark
experiment.”
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The collider experiment that the scientists have proposed
involves two key steps. First, the scientists would use an
extremely powerful high-intensity laser to speed up elec-
trons to just below the speed of light. They would then
fire these electrons into a slab of gold to create a beam of
photons a billion times more energetic than visible light.

The next stage of the experiment involves a tiny gold can
called a hohlraum (German for ‘empty room’). Scientists
would fire a high-energy laser at the inner surface of this
gold can, to create a thermal radiation field, generating
light similar to the light emitted by stars.

They would then direct the photon beam from the first
stage of the experiment through the centre of the can,
causing the photons from the two sources to collide and
form electrons and positrons. It would then be possible to
detect the formation of the electrons and positrons when
they exited the can.

Lead researcher Oliver Pike who is currently completing
his PhD in plasma physics, said: “Although the theory is
conceptually simple, it has been very difficult to verify
experimentally. We were able to develop the idea for the
collider very quickly, but the experimental design we pro-
pose can be carried out with relative ease and with exist-
ing technology. Within a few hours of looking for applica-
tions of hohlraums outside their traditional role in fusion
energy research, we were astonished to find they pro-
vided the perfect conditions for creating a photon collider.

The race to carry out and complete the experiment is
on!”

The research was funded by the Engineering and Physical
Sciences Research Council (EPSRC), the John Adams In-
stitute for Accelerator Science, and the Atomic Weapons
Establishment (AWE), and was carried out in collabora-
tion with Max-Planck-Institut fir Kernphysik.

Reference: Pike, O, J. et al. 2014.'A photon-photon
collider in a vacuum hohlraum’. Nature Photonics, 18 May
2014.

(Gail Wilson / Imperial News, 19 May 2014,
http://www3.imperial.ac.uk/newsandeventspggrp/imperialc
ollege/newssummary/news 16-5-2014-15-32-44)

A photon-photon collider in a vacuum hohlraum
0. J. Pike, F. Mackenroth, E. G. Hill & S. J. Rose
Nature Photonics (2014) doi:10.1038/nphoton.2014.95

The ability to create matter from light is amongst the most
striking predictions of quantum electrodynamics. Experi-
mental signatures of this have been reported in the scatter-
ing of ultra-relativistic electron beams with laser beams' 2,
intense laser-plasma interactions® and laser-driven solid
target scattering®. However, all such routes involve massive
particles. The simplest mechanism by which pure light can
be transformed into matter, Breit-Wheeler pair production
(yy’ —* e*e™)?, has never been observed in the laboratory.
Here, we present the design of a new class of photon-
photon collider in which a gamma-ray beam is fired into the
high-temperature radiation field of a laser-heated hohl-
raum. Matching experimental parameters to current-
generation facilities, Monte Carlo simulations suggest that
this scheme is capable of producing of the order of
10° Breit-Wheeler pairs in a single shot. This would provide
the first realization of a pure photon-photon collider, repre-
senting the advent of a new type of high-energy physics
experiment.

Gamma-ray
photons
\
l @
Blackbody
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Electron beam
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Figure 1: Schematic of the photon-photon collider.

Bremsstrahlung emission of ultra-relativistic electrons pass-
ing through a solid gold target is used to create a high-
energy photon beam. This is fired into a vacuum hohlraum,
where it interacts with a high-temperature thermal radia-
tion...
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Figure 2: High-energy photons emitted from the back sur-
face of the gold target.

Photons emitted above 100 MeV as a function of target
width, for 1 x 10° incident electrons of energy 500 MeV
(blue), 1 GeV (black) and 2 GeV (red).

L15] S0 205 250 200 350

Hzhiraum bermgeralure (e

Figure 3: Positrons produced via photon-photon scattering
in the hohlraum.

The 500 MeV (blue), 1 GeV (black) and 2 GeV (red) elec-
tron beams, each containing 1 x 10° particles, are coupled
to high-energy photon beams through a gold target of op-
timal thickness. The yield scales linearly with hohlraum
length, wh...
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N£o osvapio HETAPOPAG UAIK®V Yid TIG NUPAUi-
Ogg

AvBpwnol | eEwynivol; Epydrtec i okAaBol; Pauneg n yepa-
voi; MAwTa péoa n €AknBpa;
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EO® Kal NMoAAEG JekaegTieg, apxaloAdyol, UNXavikoi, apxITé-
KTOVEG Kal aAlol €idikoi napouaialouv dIapOpPETIKA Kal CU-
VNBWC aVTIKPOUOKWEVA OEVAPIA OXETIKA HE TO NWG XTioThKAV
ol Nupapidec Tng AlyUnTou. Mia véa £pEuva OHWG PUOIKWOV
enioTnEOvwy ano To MavenioTrhpio Tou AUOTEPVTA Kal TO
€PEUVNTIKO IVOTITOUTO €MIOTAMNG UAIKWV FOM Foundation,
£pXETAl va dWOEI anavrnon o€ £va AAAo PUOTAPIO, OXI AuTO
TNG KATAOKEUNG TWV NUPApidwv, aAAd Tng HETAPOpPAg Twv
OYKOAIBWV BApoug NoAAWV TOVwV 0 kKabévag and Ta yeiTovi-
K@ Aatopeia navw oTnv AUPo TNG EPRMOU.

I

N

SXNUATIKA anoTUunwon TNG OKNVAG METAPOPAG TOU ayaipa-
TOG TOU TonikoU nyepova TexouTixoTen navw os EUAIVO
£€\Kkn6po.

To puoTIKO TV AlyunTiov, cUp@wva pe Toug OAAavdolg e-
NICTAHOVEG, KPUBETAI 0T BPEYHEVN AUHO KAl CUYKEKPIPEVA
otnv 10avikn ekeivn avaloyia vepoU-AUPOU Mou KAVEl TNV
€NIPAVEIQ NIO CUUNAYR KAl HEIMVEl £WG KAl OTO RHIOU TN dU-
vaun nou anaiteital yia va oupBsi ndvw os auTr €va Bapu
avTikeipevo. «AuTd To BAENEIG Kal PE Ta PATIA COU OTAV MNeEP-
naTtdag ornv napalia. MPoTIMAG va NaTtag oTo BPEYHUEVO KOW-
pAaT TNG Aupou, napd oTo OTEYVO, yiaTi aAAlwg koupdleaal
nio ypnyopa», Aésl otnv «K» o kabnyntng duaikng oto MNa-
VENIOTAMIO Tou ApoTepvTay, NTavieA Mnov, kal eniKEQPAAnq
TNG OAAAVIIKNG €PEUVNTIKAG opadag. Onwg dnuoaoisuaayv ol
ENICTHAHOVEG OTO TEAOG AMpIAioU OTO EMIOTNHOVIKO MEPIOSIKO
Physical Review Letters, n 1davikn avaAoyia vepol oTnv au-
Mo Tng AlyunTou, n onoia PEIWVEI OTO MIGO TV TPIRN, Kal d-
pa Tn dUvapn nou anaiTeital yia Tn WYETAKivnon Tou OykKou,
gival 5%.

ApXaIoAOYIKA €UPNKATA KAl TOIXOYPAPIEG TwV AlyUnTiwv Ka-
TadsikvUouv TN XPAON NAWTOV aAAd Kal XEPOAiwv HECWYV,
onwc EUAIva £AknOpa, yia TN METAPOPA OYKWIWV AVTIKEIME-
vwVv. «To neipapya Twv OAAAvO®V €NIOTAPOVWV ava@ePETal
o€ XaAapo aup®OEG €3aOG, Nou eVOEXETAI VA UMNAPXE OTNV
andéoTacn HMETAPOPAC MPOC TOV TEAIKO MPOOPICHO TWV Ai-
Bwv», Aéel n Avva MixanAidou, opoTiun dieubluvTpla Epeu-
vwv oto IvoTiTouTo IoTopikwv Epsuvav Tou EBvikoU IdpU-
paTog Epeuvawv. Evw ol AiyUunTiol gaiveral va XpnaoidonoioU-
oav eniong EUAiva kapoUAla OTIG Baplég WETAPOPEG, n Op
MixanAidou enionuaivel OTI TOo PETAPOPIKO WECO TOU EAKN-
B8pou napouciale ouyKekpIdéva NAgovekTAATa, apou evoei-
KVUTal YIa MEYAAEC ANOOTACEIG, NPOCPEPEI KAAUTEPO EAEYXO
oTnV Kivnon Kal To GopTio €ival KAAG OTEPEWPEVO Kal NEPIO-
OOTEPO MPOCTATEUNEVO anévavTl oToug KIvOUVOUG HETAPO-
pac. «Onwg @aiveralr oe d1IAPOPEG TolxoypaAPieg, N POPTW-
on KIOVWV Kal oBeANiOKWV OTa NOTAPONAOId METAPOPAG OTOV
Neido yivoTav ouxva pali ue 1o €éAknBpo>», npoaBeTel n idia.

O1 YETAPOPEG OUWG e EAkNBpa napoucialav Kal PEIOVEKTH-
paTa. «OTav O€pVEIC €va avTIKEIMEVO NAVW O OTEYVN AUHO,
JNpooTa Tou dnuioupyeital €va Xsilog aupou. H dUvaun Aoi-
nov nou xpelaleTal va acknoeIg yia va To WETAKIVAOEIC gival
noAU peydAn, agol TpaBwvTag To petartonilelg padi kal Tn
OUCOWPEUNEVN AUPOo», Aégl 0 Op Mnov.
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To neipapa

MNa va unooTnpi€ouv Tnv undBeor| Toug, OTI dnAadn n TPIRN
MEIMVETAl 6TAv n APUOC NAvw OTnV onoia KIVeiTal éva avTi-
Keipevo eival ehappwg Bpeypévn, ol gpeuvnTéG oxediaocav
€va neipapa oTo onoio Mpogopoiwcav TNV avanapacTaon
MIag alyunTiakng Toixoypagiag Tou 1880 n.X. =Tnv ToIXO-
ypagia auTtn napoucdialetal n WeTa@opd Tou KoAooalaiou
ayaApaTtog Tou TomikoU nyedova TlexouTixoTen navw ot EU-
Alvo €AknBpo, evw eniong dlakpiveTal €vag avlpwnog nou
OTEKETAI OTO HUMPOCTIVO HEPOG TOU €AKNBpou kal xUvel éva
uypo.

STO MEipAPd Toug, Ol EMNICTAMOVEG TonoBEéTnoav o AuMo, N
onoia poialel pe auTr TnG AlyunTou, pia Tpaxid enipaveia pe
£€va Bapog, kal dokiyaoav va oUpouV TO AVTIKEINEVO, UETPW-
vTag kabe gopd Tn duvapn nou anaiTeiTal yia Tn PeTakivnon
TOU MAvw ot oTeyvh, Aiyo 1 noAU Bpeyuevn aupo. Me €k-
nAn&n ol epeuvnTeg dianioTwoav OTI OTAV N AUHOG NEPIEXEI
MOVo 5% vepoO, n dUvaun nou anaiteital yia va PeTakivnoei
ndvw € AUTH TO AVTIKEIPEVO €ival n IO O€ gUYKPION HE TN
oTeyvn dupo. «AuTO €ixe 101aiTepa oQEAN yia Toug AlyunTi-
oug, apou xpeladovrav WOvVo Ta HIod AaToud yia va PETagpE-
pPOUV €vav oykOAIBo», Aégl o0 Op Mnov.

«MapoTl pag sival yvwoTto o1 dTav KAaTaBpEXOUNE TO XWHa
auto «kdBeTal», N NPWTOTUNIA OE AUTN TNV €PEUVA EYKEITAI
OoTO OTI BPEOBNKE N aKpIBNC CUYKEVTPWON VEPOU MouU WMOPEI
va peImoel NoAU TIG TPIBEG», Aéel 0 K. AnuNATPNG BAaocodnou-
Aog, kabnynTtng oto TunAua EmiotAung kar TexvoAoyiag YAI-
kv Tou Maveniotrpio KprAtng kai oto Idpupa TexvoAloyiag
kal Epeuvacg. H €€nynon kpUBETal oTn MIKPOOKOMIKA KAipa-
ka, oTo eninedo dnAadn Twv kOKKwv. OTav To VvePO PBpeEXEl
TOUG KOKKOUG TNG Aupou, dnuioupyei €AEsig, dnAadn yEpu-
pec META&U TOUG, ME AMOTEAECWA auToi va ouykpaTtouvTal
EVWWEVOI KAl N eNIQAvela va akAnpaivel. OTav dpwG To VePO
nou npooTebei unepPBei TN OowaoTn avaAoyia, TOTE n AUPOG
yiveTal naAl paiakn, oav Adonn, YE anoTeAEopa To EAkNOpo
va BouAialel.

«To neipapa TNG oAAavdIKNG opadag evioxUel TNV anoyn OTI
n piwn vepoU pnpooTd oTo £AKNOpo dev sival pia anAn TeAe-
TOUPYIKN NpAagn, aAAa €EunnpeTei KUPIWG NPAKTIKOUG OKO-
noug», Aéel n dp MixanAidou. «Evw npaypaTi n npoo®opa
vepoU 1 yaAakTog oTnv apxaia Aiyunto 6a pnopouade va Exel
TEAETOUPYIKO XAPAKTAPA, UNMPXav Kanoia cnuadia ornv Tol-
Xoypagia nou BpéBnke oTov TAPO Tou TIEXOUTIXOTEM MouU
Mag eixav npodiabeoel 0TI MBAvVWG va pnv 1I0XUEl KATI TETOI-
0», Aéel oTnVv «K» 0 apxaloAOyog Kal EpEUVNTAG TNG apxaiag
AlyUnTou Mnev Bav vrev MMNEpPKeV, O OMOIOG NPOCEPEPE TIG
EMIOTNMOVIKEG TOU YVWOEIG OTNV EPEUVNTIKI ouada Tou dpog
Mnov. O1 AIyUNTIOlI OTIC TEAETEG TOUG, €Enyei 0 K. Bav vrev
Mnépkev, xpnoldonololoav ouvnBwG NeEPITEXVA AyYeid, VR
oTnv Toixoypagia @aiveral Tl To Uypo QUAACOETal Yéoa o€
€va KoIvo doxeio. «H anAOTNTa Tou OKEUOUG JeiXVel OTI HAA-
Aov €ixe npakTikoUg okonoUg», NPOaBETEl.

«To oegvaplo nou npotdooouv ol OAAavdoi €psuvnTEG cival
nbavo», Aéel o NikoAaog Aalapidng, alyunTioAOYoG Kal Ka-
onynTng Apxaiag Iotopiag oTo MavenioTrpio TnG MoAiTeiag
TNG KaAipopviag oTto Zakpapévrto. «BeBaia n Bswpia, anod
apxaloAoyikng anowng, otnpideral o€ pia govo €ikovoypagi-
KA €vOelEn and Tov GUuyKekpINEVo TAPO, Ve €niong and Tnv
aneikdvion Oev UMNopei Kaveig va diakpivel av XpnoiPonoiei-
Talr vepo n kanolo aAAo uypo», npocBeTel o dp Aalapidnc.
«MapoTi and NAgupdg GUOIKNG €ival SOKIPMO Kdl AOYIKO, Ogv
onuaivel anapaitnta OTI auTh €ival kal n €Enynon yia Tn
HETA@OPA TwV OYKOAIBWY TwV nupapidwv», NpoabeTel o dp
BAaoooOnouAog.

O dp Mnov OpwG dev PEVEI HOVO OTNV apxaloAoyikn a&ia Twv
EUPNUATWV TOUG. «H TpIBN orfpepa gubuveral yia 1o 30%
TNG KATavaAwong evépyeiag navw ortn M. Map’ 6Aa auTta,
Oev éxel peAeTnBei akdpa enapkwg», Aéel o dp Mnov, o o-
noiog cuvepyaleral AdN WE TNV €Talpeia eAacTikwV Michelin,
avalnTwvTag To UAIKO EKEIVO MOU «gUBUVETAI» yid TNV avTi-

oTaon nou Bpiokouv Ta eAdoTIKd TWV AUTOKIVATWY KATA TNV
nePICTPOPN TOUG.

(Aonacia AaokalonoUAou / H KAOHMEPINH, 24.05.2014,
http://www.kathimerini.gr/768602/article/epikairothta/epis
thmh/neo-senario-metaforas-ylikwn-gia-tis-pyramides)
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S@AaApa oTo EPYacTnplo odNYEI OE VEA OIKOYE-
VEIA UAIK®OV

Eva ano6 Ta 800 véa unepokAnpa MOAUMEPR, ONwWG Qaiveral
MEoa and To NAEKTPOVIKO WIKpookOMio. Ta UAIkd auta miba-
VG va Bpouv €PApPHOYEG OTIG HETAPOPEG, AAAA KAl O KATA-
VaAWTIKG NPoidvTa KAl CUCKEUATIEG.

Qc egpeuvnTpIa o€ £va gpyacThplo TnG IBM, n XNUIKOG ZaveT
lkapoia nepvdasl TIG YEPEG TNG AvapelyvuovTag kai Bgpuaivo-
vTag XNUIKEG ouaieg, avalnTwvTag nio aveekTika kal eUKOoAa
avakKukA®WOIPa nAaoTikd. MpoogaTa, eve akoAoubnoe pia
anAn ouvTtayrn nou anaitoUoE TAV avausiEn TPI®V oUOTaTI-
KWV Og €va OOXEio NEIpaPATwV, NapEAEIYe KaTta Aabog €va
oTadlo, apAvovTag £Ew £va XNUIKO OUOTATIKO. EMioTpE@ov-
Tag uoTtepa and Aiyo otov gpyacTnpiakd TnG nayko, diani-
OTWOoE OTI To JoXeio NTav yepdTo ano €va okAnpo daonpo
NAAoTIKO, TO Onoio €iXe eyKAWRIoEl HECa TOU HEXP! Kal TOV
avadeuTnpa.

H dp Mkapoia npoonadnos va BpUMPMATIOEl TO HUCTNPIMIEG
UAIKO, Xwpic OpwG anoTéleopa. 2Tn OUuvéxela, MNNRpe €va
oQupi Kal €¢onace To dOXEIO yia va TO aneAsuBep®Osl. AuTO
TO €pyacTnpiakd o@QAApa odnynoe oTnv avakaiAuyn Miag
VEQG OIKOYEVEIAC UNIK®V Ta onoia €ival acuvniota okAnpa
Kal eAa@pida, napouacialouv auTo-IACIPEG IDIOTNTEG Kal HMo-
pouv gUKOAQ va avakukAwBouv.

Ta 800 véa auTd avBekTikG noAupepr Ba pnopoloav va
Bpouv e@appoyEC OTIC METAPOpPEG. EEaitiac Tng 1kavoTnTag
TOUG va avakukAwvovTal, 8a ynopouaoav sniong va a&ionoin-
Bouv kal og NpoiovTa KabnuepIvng Xpnong, Onwg niong Kai
oTtn Blognxavia yia Tn OUOKeuaoia TEXVOAOYIWOV WIKPONAE-
KTpoVvIknG. Ta eupnuata Tng IBM dnuoacielibnkav oTo npon-
yoUuevo TeUXOG TOU €nioTnHovikoU nepiodikoU Science anod
TNV €PEUVNTIKN oWada Tng eTaipeiag oto =av Xoo€ TnG KaAl-
PopvIag.

Ta TeAeuTaia Xpovia €xel napatnpnBei pia ekpnén otnv ava-
KAAUWN VEWV MNOAUMEP®V UAIK®V, OJWC Ta nepioodTepa anod
auTd eival napaAAayeg unapxoviwv OUVOETIKWV KAJOEwv
nou xapaktnpiovral and MakplEC aAucideg anAoUuoTeEpwvV
Hopiwv, Ta onoia ouvdéovTal HECW XNHIKWV deopwv. Ta u-
AIKG onuepa Bpiokovtal navroU atn ouyxpovn lwr, anod Ta
XPWHATA HEXPI TOUG pakoUG eNAPnG Kal anod Ta pouxa HEXP!
TIC ynaTapisg. «Eival n enoxn Twv NoAUMEp®V», Aéel o TlE-
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IMG XEVTPIK, EPEUVNTAG NPONYMEVWV OPYAVIKWV UAIKQV OTO
idlo epyaaTnpio TngG IBM.

O1 enioTAPoveg TnG IBM Aéve OTI autn €ival n npwTtn npay-
MaTika kaivoUpyla OIKOYEVEIQ MOAUHMEP®V MOU avakaAunTe-
Tal TIG TeAeuTaieg dekasTieg. MapoTi dev €xouv dWOEl akOua
OVOoWa O€ auTn TN VEa OIKOYEVEIA UAIKWV, XPNoIHonoiouv TIG
KwdIKEG ovopaaieg «Titan» kal «Hydro». Ta uAikd auTd dev
gival akopa £Tolua yia enopikn Xpnon, nap’ 6Aa auta, ol &-
niIoTAUOVEG ginav OTI ouvepydalovTtal Ndn WE APKETA NaAveni-
oTAHIa Ndvw O OUVOETEG EPAPHOYEG, Ol onoieg Ba pnopou-
0av va ennNPeAcOUV TIG KATAOKEUEG OTOV TOPEQ TWV UETAPO-
pWV, TNG AEPOVAUNNYIKAG KAl TNG HIKPONAEKTPOVIKNG.

Ta uAika@ auTad eival yvwoTta wg BepPookAnpuvopeva, eneidn
yla Tov oxnNuaTiono Toug anaiTeital Béppavaon. H okAnpoTnTa
TOUG o®eiAeTal oTo TPIodIAoTATO OIKTUO MOU OXNMATifouv ol
XNHIKoi Toug deopoi. H akapwia Twv NoAUNeEp®VY €ival idia Ye
auTh Tou KOKAdAou, To onoio €ival eva and Ta nio okAnpd
BioAoyika UAIKG, kal pnopoUvV va yivouv HEXp! Kal 50%
OKANPOTEPA av avapeixBolUv He UAIKA ONWG VAVOOWANVEG
avbpaka. ®daiveral eniong va €xouv kaAUTepn anodoon ot
OUVONKEG UYnAwV BOEpUOKPACIOV O OXECN HME AAAa €idn
NOAUMEPDV.

To nepioTaTikd auto ortnv IBM Bupilel Tnv avakaluwn Tng
ouaiag Teflon nou xpnoiyonoigiTal oTa avTiKOAANTIKA OKeUN,
Aéel o TigoB1 Aovyk, kadnyntng Xnueiag orto MoAuTexveio
NG BipTdivia. «To “katd TUXN” €ivai n pnTépa Tng epelpe-
onc», nNpoaBeTel. To 1938, o PoI MAAGVKET, €peuvnTig aTnNV
eTaipeia xnuikwv DuPont, noAupépioe katd AdBog TeTpa-
@BopoalBuAévio, dnUIOUPYWVTAG Tuxaia €va anod Ta Mo OAI-
o0npa uAika.

O dp Novyk, o€ éva enegnynuaTikd ApBpo nou CuVODEUE TN
dnuoaciguon oto enioTnUovikd nepiodikd Science, unooTnpi-
Cel OTI To VEO UAIKO napouaoidalel €va onuavTiko NAEOVEKTNMA
OTNV KATAOKEUR €UKOAd AVAKUKA®OINWY KATAVAAWTIKOV
nNPoIoVTWY, €101KA NAEKTPOVIKWY, APoU Ta NAEKTPOVIKA ano-
BANTa anoTeAoUv nia pgeyaio npoBAnua.

«Ta BepuookAnpuvoOusva UAIKG sival oxediaopeva WoTe va
gival €EalpeTikG avOekTIKA oc PeYAAEC dIaKUNAVOEIC Bepuo-
Kpaaoiag kal €xouv oTaBepEG UNXAVIKEG 1IDI0TNTEG. AEV €XOUV
oxedlaoTei yia va €ival avacTpéWiua», Aégl o Op Aovyk. «To
va £XeIG OAEC aUTEG TIG 1010TNTEG O £€va UAIKO Mnou eival ni-
ONG avakuKA®OIWO €ival peyaAn npoodoc», NPooHETEI.

(John Markoff / THE NEW YORK TIMES / H KAOHMEPINH,
24.05.2015,
http://www.kathimerini.gr/768603/article/epikairothta/epis
thmh/sfalma-sto-ergasthrio-odhgei-se-nea-oikogeneia-
ylikwn)
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secretary@hssmge.gr, mpanta@central.ntua.gr

Tapiag : Mwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.

gdoulis@edafomichaniki.gr

'Epopog : Mwpyog MMNEAOKAZ, Ap. MoAITikdg Mnxavikdg, Kévrpo Aopikwv Epeuvmv kai Mpotunwv AEH
gbelokas@gmail.com, gbelokas@central.ntua.gr

MéEAN : Avdpéag ANAITNQETOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OudTIog Kabnyntng EMMN
aanagn@central.ntua.grn

MavwAng BOYZAPAZ, MoAITIKOG MNxavikog
e.vouzaras@gmail.com

MixaAng KABBAAAZ, Ap. MoAITKOG Mnxavikog, AvanAnpwTtnc Kadnyntng EMM
kavvadas@central.ntua.gr

AvanAnpwparika
MEAR : Xprotog ANATNQSTOMOYAOS, Ap. MoAITIkog Mnxavikdg, Kadnyntng MoAuTexvikng ZxoAng AMO
anag@civil.auth.gr, canagnostopoulos778@gmail.com

Znupog KABOYNIAHZ, Ap. MoAITikog Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
scavounidis@edafos.gr

AnunTpng KOYMOYAOZ, Ap. MoAITikog Mnxavikdg, KASTQP E.M.E.
coumoulos@castorltd.gr

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

EEEEIM

Topéag FrEWTEXVIKAG TnA. 210.7723434

2XOAH MOAITIKQN MHXANIKQN Tor. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveiounoAn Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®OY IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THX EEEEMM» Ekd0TNG: XproTog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-31. pangaea@otenet.gr,
ctsatsanifos@pangaea.gr, editor@hssmge.gr

«TA NEA THZ EEEEMM» «avapT@vTal» Kal oTnv 1oTooeAida www.hssmge.gr
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