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Safe geotechnics by observation

In geotechnics more than in other engineering disciplines
much can be learnt from the behaviour of finished struc-
tures regardless of where they are located in the world.
This is certainly frue for major collapses such as
the Nicoll Highway or the centuries of mitigation at-
tempted on the still-leaning tower of Pisa.

But we do not need to rely on catastrophes or mistakes
to enhance our understanding of soil behaviour and of
how man-made structures interact with it. By monitoring
the behaviour of structures during and after construc-
tion we have the opportunity to compare the predictions
made at design stage with their real behaviour.

(ouvéxela atnv oehida 2)

ZT1avpo¢c Mravrnc 1951 - 2016

Kabnyntic Texviknc TewAhoyiac kar BpaxopnxavikAg Tou
TuApatog TToAiImikwy Mnxavikwy Tng TToAUTEXVIKNG ZXO0AAC
Tou AploToTeAciou TTavemioTnuiou @eooalovikng. Amepiwae
oTo ypageio Tou aTi¢ 11 Iavouapiou 2016.

(agiépwya oTnv ochida 3)




MEPIEXOMENA

Safe geotechnics by observation

Staupog Mnavtig (1951-2016)

rati oTnv FewTEXVIKN

ApBpa

FepUpwon TnG katoAioBnong Tng Toakwvacg — MNew-
TEXVIKEG NPOKANCEIG Kal SIAXEIPION TOU YEWTEXVIKOU
KIvdUvou aTn SIApKeIa TNG KATAOKEUNG

Seismic demand of coupled soil-foundation-pier
systems

Eurocode 7 and new design challenges using
numerical methods with different soil models
Triaxial testing of saturated lime-treated high
plasticity clay

3D simulation of mechanized tunnel excavation

Alakpioeig EAAfvv Mnxavikov

Znavia diakpion EAANvidag @oitATpiag o€ diaywvioHo
TwV Hvwpévev EBvav

Néa ano Tig EAAnvikeg kal AlgBveig MewTeXVIKEG Evmaoelg

AvaoKOMNnon YEYOVOTWYV YEWTEXVIKOU gvOIAPEPOVTOC OTN

International Society for Rock Mechanics

Volume 18 - December 2015 of the ISRM News
Journal is now online

13th ISRM online lecture by Prof. Peter Kaiser is
now online

Rock Mechanics Principles, an on-line video course
by Professor Jian Zhao available from the ISRM
website

ISRM Suggested Methods videos now on the website
Public domain rock mechanics research reports
Digital Library at OnePetro

EAAGDa

10" ABnvaikn AIGAeEN MewTeXVIKNAG MNXAVIKNG

Mpooexeic EkdnAwaoeig aTnv EAAGSa MewTeXVIKOU
EvOlapEpovTog

Huepida pe Bpa Tnv MrEpupa Toakwvag

MNpooexeic MewTeXVIKEG EKONAMOEIG:

Hydropower Development: Europe 2016 Summit -
Flexible hydropower and pump storage generation
for a safe renewable electricity system

AFRICA 2017 Water Storage and Hydropower
Development for Africa

3" International Conference on Performance-based
Design in Earthquake Geotechnical Engineering
(PBD-III)

EvdlapepovTa MewTtexvika Nea

Living with Shrink-Swell Soils

AloBnTRpag BapuTnTag KAvel akTivoypagia aTo
unedagog

EvdiapepovTta — MNepiBaiiov

This river kills everything that falls into it

HuIouvBEeTIKO UAIKO - «Ald@avo EUA0» yia PWTEIVOUG
ToiXoUug

EvdiapepovTa - Aoind

Zaha Hadid, Groundbreaking Architect, Dies at 65
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(ouvéxeia ano Tnv 1" ogAida)

Beyond a validation of the design, I believe we should habi-
tually ‘back-analyse’ the behaviour to assess whether the
input parameters could have been more accurate. In this
way we can generate deeper insights into the geotechnics
of a given project or location, arriving at valuable conclu-
sions that we can share with our peers.

The monitoring industry is ever evolving thanks to ad-
vancements in instrumentation, such as the use of fibre-
optics and post-processing tools which now also include
those used for big data. This then creates data that can be
shared in the cloud and made available in real-time and
shared with users via web portals such as the Global Ana-

lyser.

But industry codes and regulations do not typically pre-
scribe back-analyses, which means that if they take place at
all, they’re left to the initiative of the designers for whom
they’re not a priority and who may not have access to the
monitoring data. I firmly believe that whenever there is this
sort of disconnection between a project’s design and con-
struction activities the construction industry misses a gol-
den opportunity to improve.

As a geotechnical engineer I always look for precedents
when a new project starts. Published case histories in the
project area or with comparable features are particularly
valuable to designers as they can contain a wealth of infor-
mation on what went well but also on what might have
been problematic in previous construction projects. The
International Society for Soil Mechanics and Geotechnical
Engineering publishes a journal on this topic for example
and encourages academics and practitioners to contribute
to it.

Looking forward, we have the opportunity to bring together
all this data into a single, shared computer model for the
behaviour of say Copenhagen till, Milan gravels, London
clay, San Francisco Bay mud and so on.

I believe the time is right for legislators to consider adding
back-analyses as a requirement to the virtuous circle of
design > construction > observed behaviour > improved
design. Ultimately this will lead to safer and more sustaina-
ble assets.

Francesco Petrella / ARUP Geotechnics, 31 March 2016

http://thoughts.arup.com/post/details/534/safe-
geotechnics-by-observation
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STAYPOS MMNANTHS
(1951 - 2016)

2TH MNHMH TOY ANMO XPHZTO ANAINQZTOMNMOYAO

AUCTUXWG ETUXE O PEVA O KANPOG VA anoxalpeTiow TO OTEVO
Mou @ilo ZTaUupo MnavTr, Nou pag Aenos &aQVIKA OTIC
11.01.2016, péoa oto ypageio Tou oTto EpyacTrpio TeEXVIKNG
FewAoyiag kal Bpaxounxavikng oto TuRua MoAImkov Mnxa-
VIK@V Tou AMNO ev wpa epyaaiag.

H akadnpuaikn Tou €EENIEN NTav ypryopn.

To 1973 anogoitnoe and tn ducikopadnuaTiki ZX0AR Tou
ApioToTeAeiou MavenioTnuiou ©ecoalovikng kal To 1976 &-
AaBe To peranTuxlakd Tou dinAwpa (MSc in Engineering Ge-
ology & Geotechnics) ano 1o University of Leeds, UK.

Ano To idio Maveniotripio To 1980 €AaBe To J31OAKTOPIKO TOU
dinAwpa otn Bpaxounxavikr (PhD in Engineering Rock Me-
chanics).

>Tn ouvéxela (1981-1985) €kave Tn MeTAdIOAKTOPIKN TOU
€peuva (Postdoctoral Research Fellowship) pe unoTpogia
Tou EBvikoU IdpUpaTog Epsuvwv Tng NopBnyiag (NTNF) oTo
NopBnyiko MewTexviko IvoTitouto (Norwegian Geotechnical
Institute, NGI).

O ZTaupoc¢ MnavTng ekAéxBnke To 1986 w¢ AéKTOpAG OTO
Epyaotnpio Texvikng lewAoyiag Ttou TuApaTtog MOAITIKWV
Mnxavik®v Tou AMNO evw To 1996 eEeAéyn AleubuvTng Tou
Epyaotnpiou Texvikng MFewAoyiag. To 1998 eEeAéyn kabnyn-
TNG Tou TunuaTog NMoAImk®wv Mnyavikwv Tou AMO.

H peydAn kal ouciacTIKA CUVEIC(OPA Tou STaupou MnavTth
oTo AMNO ouvowileTal o dUO TOHEIG:

a. Tnv avadiopydavwon Tou EpyacTtnpiou Texvikng MewAoyi-
ag, TO oUCTNMATIKO €EOMAIOWO TOU Kal Tn CUVEXH avanTu-
&n Tng Aeiroupyiag Tou.

B. Tnv sicaywyn kai kabiEépwaon TV avTIKEIJEVWV TnG Bpa-
XOMNXavIkAG kal TNG MepiBaAAovTikng Texvikng MewAoyiag

H enmioTnoVIKA Kal EpeuvnTIKA Tou €EEAIEN ATav Aaunpn.

Se guvepyaoia pe Tov Dr. Nicholas Barton gpyaoTtnke ouoTn-
HaTIKG oTOoV TOMEA TWV KATACTATIKWV VOMWV CUHNEPIPOPAG
TWV ACUVEXEI®V gg Bpaxwdn £dapn. O vOPog cuunepIpopdc
acuvexelwv «Barton-Bandis Model of Engineering Properties
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of Joints» £ylve naykoopia anodekTOG Kal XPnoldonolgiTal
€UPEWG OTa OXETIKG AoyiopikG (UDEC-BB and FLAC by
Itasca, Inc., Phase2, Swedge, etc. by RocScience of
Canada).

O ZT1aupog MnavTng ATav enioTipovag dieBvoug kUpoug Kai
akTivoBoAiag kal €xalpe naykoouiag avayvwpiong. 'HTav pe-
AoG noAAwvV JIEBVV EMITPON®YV, KPITAG OTA EYKUPOTEPA EMi-
OTNUOVIKA MEPIODIKA TOU XWPOU, MPOCKEKANUEVOG OMIANTAG
oe dilapopa ouvedpia avd Tov KOGHOo, ENICTANOVIKOC UNeUBuU-
VOG €KNOvNOoNG MOAAQV EPEUVNTIK®V MNPOYPAUHATWV  Kal
ouyypa®éag navw anod 100 €nIOTAPOVIK®OV £PYaAci®V Mou
dnuooieuTNKav o€ EykpiTa d1EBV NePIOdIKA Kal cuvedpIa.

To TeAeuTaio Tou ndvnua, To BiBAio pe TiTAO “Engineering in
Jointed and Faulted Rock” nou cuvéypage pe Tov Dr. N. R.
Barton, €peive duoTuxwg nuITeAéEG. O Dr. Barton dnAwoe Ba
kataBaAel kabe npoonadeia va ekdobei guvToua.

O Ztalpog MnavThg, ME O6nmAo Tn PBabid €niOTAHOVIKN Tou
YV@Oon, anékTnoe PEYAAn enayyeANaTiKn guneipia oto oxedi-
aopo kal TNV napakoAouBnaon dUOKOAWV YEWTEXVIKOV EPYWV
Kal €I0IkOTEPA OTA OTIG ONPAYYEG KAl TA UNOyela €pyd, Tn
oTabeponoinon KaTtoAioBnoswv Kalr Bpaxwdwv npavwv, Td
PpAayuaTa Kai TG OEUENIDOEIG YEPUPWY O Bpdaxo.

'HTav Texvikdg ZUpBoulog diapopwv Opyaviopwy, MeAETNTI-
KoV Mpageiov kal KatackeuaoTikwv ETaipei®v. EvOeIKTIKG
avagepovtal To Nopfnyikd FewTexvikd IvoTiTouto, World
Bank (Expert Panelist), Geo-Engineering, Jersey, U.K.,
Haswell Consulting Engineers,U.K., Golder Associates Ltd,
Canada, Atkins China Ltd., TVX GOLD,Inc., Sir Alexander
Gibb and Partners, U.K., McDowels Consulting Engineers,
U.K., Maunsell PTY LTD, Sydney, Rail Link Engineering Ltd,
U.K., Mnxavikny A.E., Tunua AvanTuEewg Ydatwv Kunpou,
EAANVIKA MeAetov A.T.E., A.E..E.K., METQN A.E., Avao-
TnAwTIKA A.T.E., BAZIZ 3YZM A.E.., Ynoupyeio MoAITiopou,
AABMM, EINATIA OAOZ A.E., EdagooTtarikn, Scott Wilson
(U.K.), Flint and Neil Partnership (UK), Charles Haswell &
Partners (UK), CityTunnel Konsortiet, Malmo (Sweden),
Halcrow (UK).

H peydAn enayyeApaTikn Kal NpakTIKn ToU euneipia o BEpa-
Ta onpayywv, Qpayuatwyv Kadl KatoAloBnoswv Tou €neETpe-
wav va PeTadwoel g NOAAEG yevieg MOAITIKWV Mnxavikwv
OUCIAOTIKEG KAl APeECa a&lonoinoIPeG YVWOEIG O €va Kalvou-
plo TOMEQ.

O ZTaupoc¢ MnavTng ouvdlaoce pe 131AITEPA APHUOVIKO TPOMO
TNV 13160TNTa Tou akadnuaikol daokAAou, TOU €PEUVNTN Kal
TOU YEWTEXVIKOU Unxavikou Tng npdaéng.

H oikoyéveid Tou, ol iAol Tou, To TuAKa MoAImikwv Mnxavi-
K@V, To AMO kal n EAANVIKA Kolvwvia, ATAv TUXEPOI nou
gixav KovTa Toug To =Talpo.

®ike gou kaAo gou Tagidl.

XpnoTog AvayvwaTtonouAog, MapTiog 2016

ZTH MNHMH TOY AMNO NICK BARTON

With a heavy heart mixed with unfading warm memories we
must report the sudden death of Prof. Stavros Bandis, who
was at work in the University of Thessaloniki on 11" Janu-
ary 2016. He died of sudden heart failure. He was head of
the department and Chair of Rock Mechanics and Civil Engi-
neering. His many past and future students, and his staff,
have suffered a very great loss. Two who have also had
long association with him, Dr. Nick Barton and Dr. John
Sharp, have provided these images of his important contri-
butions to rock mechanics and rock engineering, on behalf
of ISRM.
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Nick Barton was first contacted by Stavros when he was a
Ph.D. student with Prof. Dearman, in Leeds University: Out
of the blue in 1978 or 1979, Stavros wrote a detailed, beau-
tifully illustrated, and several page letter in his inimitable
italic hand, with his latest research on scale effects in rock
joint replicas. By good fortune for those in rock mechanics
who value an alternative to Mohr-Coulomb for describing
rock joints, he was already making thorough use of JRC and
JCS, as recently detailed with shear tests, tilt tests and pro-
filing, in Barton and Choubey, 1977. His thesis of 1980 ‘Ex-
perimental studies of scale effects on shear strength, and
deformation of rock joints’, was soon awarded a highly de-
served (5th) Rocha Medal by the ISRM. Bandis’s superb
research helped to set the scene for the development of the
Barton-Bandis joint behaviour criterion. The recommended
scale-effects for JRC and JCS, which are block-size depen-
dent, were derived from his and the writer’s physical model
and jointed rock experiments. Bandis alone was responsible
for the hyperbolic normal closure and stiffness behaviour.
By 1982 the Barton-Bandis model, with physical and con-
ducting apertures included, was up and running in TerraTek,
Salt Lake City (thanks to Dr. Khosrow Bakhtar’s program-
able HP calculator expertise).

In 1985, Mark Christianson of Itasca installed BB in Peter
Cundall’s UDEC, of course with some assistance from Bandis
since he was with us at NGI at the time. We immediately
applied UDEC-BB to the Ekofisk reservoir compaction (and
joint shearing) study. Bandis was actually the first to test
Ekofisk joints for their shear strength, after Philips had been
surprised at the writer's NGI request for jointed core sam-
ples.

We had the pleasure and great benefit of several visits for
summer and sabbatical work by Stavros at NGI, perhaps
most notably during a physical model study of 3D bore-
hole/wellbore stability and failure, conducted for various oil
companies in the late 1980’s. The most detailed study of
log-spiral failure patterns, for holes drilled in various direc-
tions in relation to applied 3D stresses, was strongly contri-
buted to by Bandis, including a personal (anisotropic) gift to
the project manager, shown here, and carefully preserved
in my Oslo office. (See Addis et 1991, SPE for project de-
tails).

An example of Bandis’s quest for reality, in this case aniso-

tropic behaviour, to contrast with isotropic log-spirally fail-

ing model wellbores. Here he proved that shearing was oc-

curring using coloured sand in miniature pre-drilled bore-
holes.

In 1990 we held the Rock Joints conference in Loen, and
naturally Bandis was one of the keynote lecturers. A gather-
ing of rock mechanics friends prior to this event, also illu-
strated here, includes ISRM president John Franklin, 1987-
1991. The ISRM has also lost Prof. Kawamoto in the inter-
vening years.

Stavros Bandis, as you will read from John Sharp, had an
uncanny wish to achieve reality when characterizing and
then modelling rock mass and rock excavation behaviour
with UDEC-BB or 3DEC. His modelling work was outstanding
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and has probably not been matched due to his constant
attention to detail. As his friend and colleague John Sharp
has written: ‘His loss as a world leader in his field with such
an enormous insight and depth of knowledge is unaccount-
able. He spoke to everyone as an equal, with interest and
humour, always making a substantial and yet understated
impression.” A selection of his many contributions will be
included in our joint book-project, which has been progress-
ing for the last four years, during chapter by chapter ses-
sions, mostly undertaken in a deserted village high in the
Greek mountains, cut off from the internet.

From right (ISRM only): Pinto da Cunha, Bandis, Makurat,

Franklin, Johanson, Martin, Aydan, Barton, Kawamoto, pic-

tured in 1990 prior to the Loen conference of Rock Joints.
Sadly, three are now departed.

Sadly, Stavros is no longer in the University of Thessaloniki,
but he left behind a team of expertly trained and gifted col-
leagues who will attempt via his inspiration to continue his
unique legacy and reputation for geologic inquisition, realis-
tic simulation and applied engineering solutions. Stavros
leaves his wife Christina, and two adult sons Konstantinos
and Nickolas.

Nick Barton, March 2016
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NATI 2TH TEQTEXNIKH

Does anybody have an idea why do we use 25 blows
in the standard compaction test? As well as why do
we compact with 3 layers?

H epwTtnon ungBAnBn otov IoToXWpPo Research Gate and Tov
Omar Hamdi Jasim, @oitnt Tou Department of Civil Engi-
neering, Yildiz Technical University, KwvoTavTtivounoAn. H
napakdtw andvrnon fnpbe and Tnv Madhavi Latha Gali, Ka-
onynTpia oto Department of Civil Engineering, Indian Insti-
tute of Science, Bengaluru.

“Proctor was doing road development projects where he
needed to estimate the practically possible density of soil,
which is different from theoretical density. He tried to solve
this through laboratory tests by using various moulds and
compactors and different combinations of blows and lift
thicknesses. In this process he settled with 25 blows and 3
lifts.

The original Proctor Compaction Test of 1933 used cylin-
drical mold 4 inches in diameter and 4.6 inches high, with a
removable mold collar 2.5 inches high. The mold volume is
1/30th cubic foot.

A 5.5 pound hammer, 2 inches in diameter, was pulled up-
ward and allowed to free-fall 12 inches, onto the soil (5.5
ft-lbs per blow).

The soil was compacted in three lifts, with an average
thickness of 1.33 inches/lift. 25 blows were exerted per lift,
which equals 25 x 5.5 = 137.5 ft-lbs. The total input
energy for the three lifts was 3 x 137.5 = 412,50 ft-
Ibs on a soil sample with a volume of 1/30th cubic
foot. This equals 12,400 ft-lbs of compactive energy
per cubic foot of soil.

This energy simulates the field compactive effort closely and
hence he settled for this. Read the enclosed document for
more details on the development of this test.”
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APOPA

FepuUpwon TnG katoAiobnong Tng Toakwvag
FeEWTEXVIKEG NPOKANOCEIG Kal SIAXEIPION TOU YEW-
TEXVIKOU KIVOUVOU OTn JIAPKEIA TG KATACOKEUNG

Kwv. ZepépoyAou, MoA. Mnx., M.Sc.”, ®p. Xpucoxoidng
Texv. FlewAoyog, M.Sc.™*
OAOTEXNIKH E.MN.E.

Bridging over Tsakona Landslide
Geotechnical challenges and management of
geotechnical risk during construction

K. Seferoglou, Dipl. Civil Engineer, M.Sc. and F. Chry-
sohoidis, Eng. Geologist, M.Sc.
ODOTECHNIKI LTD, Athens-Greece

Abstract

The article presents the geotechnical challenges during the
construction of a 390m long bridge over an active landslide
in southern Greece. The project consisted of an access
bridge of about 130m long, followed by a 260m long steel
arch with a suspended deck. The arch was designed to
bridge over a major landslide, which was active and moved
downstream at an average rate of about 1.5-2.0mm/month.
The rates of movements of the landslide increased dramati-
cally during the winter, exceeding for short periods of time,
30mm/month, following excessive rainfalls. During the con-
struction period, it was required to use the landslide body
as a foundation ground to support 16 steel piers up to
60mm high. The towers aimed at heavy lifting and final
assembly at height of the steel arch parts, preassembled on
the ground. At the same time, the highway traffic was de-
viated to pass on top of the slide’s body. The fact that the
slide was active and the margins of safety against failures
ware very small, led to the implementation of a monitoring
and instrumentation network, consisting of conventional
inclinometers, piezometers and optical targets as well as
fully automated inclinometric arrays, located at key depths
within the sliding surface, combined with electrical piezome-
ters and rain gauges. The automated instruments provided
real time records of the movements and the piezometric
levels. They continuously updated a software application
(developed on Excel), which provided real time evaluation
of the readings and the trends of the phenomena. The sys-
tem was accessible at any time by the key engineers of the
monitoring and construction team and was used to assess
at any point the potential risk of the landslide. Further to
the continuous evaluation of the readings, alert and alarm
limits were introduced in the data logger and provided SMS
messages to the engineers in charge, in an effort to take
actions preventing any accidents due to potential excessive
movements or slides. The preparation of the project started
early 2012 and was completed on January 2016. During
that period, several incidents of excessive movements were
observed and special instructions were issued to the con-
struction team. The early collected data about the mode of
the landslide behavior were also used to optimize the de-
sign of the deep foundations (within the sliding mass),
structured to support the assembly towers and the retaining
of the temporary traffic.

1. Eicaywyn
H peyaAn katoAiobnon Tng Toakwvag oTov AUTOKIVATODPOMO

TpinoAng-KaAapdTag avTipeTwNiobnKe PE TNV KATACKEUN YE-
(PuUPAg CUVOAIKOU WNRKoug 390m. H ouykekpipévn yEQupa

(*) sef@oodotechniki.gr
(**) franxgr@hotmail.com
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nepIAauBavel oTo akpo TnG npog TpinoAn, €va TunRua npoo-
Baong, unkoug 130m, To onoio odnyei Npog To KUpPIO Avoly-
Ma (Td%0), pnkoug 260m, PEOW TOU OMOIOU EMITUYXAVETAI N
ungpBaon Tng evepyoug palag Tng katoAiodbnong. =tnv Eiko-
va 1 napouaialovral pwToypapieg and Tnv acToxia aAAd kai
N TeAIKN KaTdoTaon Pe Tn YEQUPA OAOKANpwHEVN. Avaueoa
oTIC dUO aKPaieg (PACEIG O OMOIEG ANOTUNWVOVTAl OTIG PW-
TOYPAQIEC AUTEG, TNV APXIKN TNG KATAGTPOPNG Kal TV TeEAI-
K TNG unépBaong, MECOAABNOE n (ACN TNG KATAOKEUNG
(2012-2016), ortn diapkela Tng onoiag dUo BEuarta Kupiap-
xnoav. To npwTo ATav n diaxeipion Twv €EAIPETIKA dUOHE-
VOV YEWTEXVIKOV ouvBnkwv kal To deUTepo n peBodoAoyia
avéyepong TNG YEPUPAC Kal KUPIiwG Tou HETAAAIKOU TOEoU.

Eikova 1. Anoyn Tng katoAicBnong pe diagpopd 13 eTav
(2003-2016)

2. Tevikn NEPIYPAPN TOU £€pyOU - NTEWTEXVIKEG NPOKAR-
oEIg

H kaTtoAioBnon nATav kai cuveyilel va cival anodedeliypéva
€VEPYN, ONWG AUTO ANOTUNWVETAI OTIG HETPNOEIG TWV 0pyd-
VWV nou €ixav eykaTtaoTabei aTnv neploxn. H kataokeur Tou
METAAAIKOU TOEOU OUPPWVA HE Tov 0XeSIAoNO TNG YEPUPAG
npogPAene T xpnon 16 npoowpiviv XaAupdivwv nupywv,
Uwoug pEXp! kal 60m, ol onoiol Ba €dpalovrav pEoca oTn
pala Tng katoAiobnong. Tautdxpova kai otn dldpKela TG
KATAOKEUNG, N KUKAogopia Tou auTokivnTodpoduou 6a diep-
XOTav PECW MPOCWPIVAG napakaunTiplag odou péoa and To
owpa TnG katoAiobnong (Eikdéva 2). H aopaAng kai anpoo-
KOMTN KATAOKEUN TNG YEQUPAG KaBWG Kal N acPaing SIEAEU-
on TNG KUkKAoopiag, péoa anod pia KivnuaTika evepyn pada
Kal OE OUVONKEG MBAVMV YEWTEXVIKOV aoTOXIWV, MPOKAAE-
oav TNV anaitnon YEWTEXVIKWV JIEPEUVNOEWV HEAETWV Kdal
ouvexoUcg evopyavng YEWTEXVIKAG napakoAoubnaong.
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3. 'Epya unoJdoMKG Yia TRV AavEyEpon

H ekTEAEOn TWV €pyaciwv aveéyepong nepIAaupave Tnv Ka-
TAOKEUN ONMUAvTIKOV OOHIKOV OUuoTNUATwv (€pya unodo-
MAG), yia Tn ouvapupoAdynon Twv XaAupdivwv onovOUAwv
TWV TOEWV Kal TOU KATAoTp®HATOG, TV avuywon TV €ni-
MEPOUG TUNUATWV Kal TNV TEAIKR oTadlakr ouvappoAdynon
(ouykOAAnon) otov «agpa» (Eikdva 3). Zuykekpipgéva nepi-
AapBavovrav, (a) 14 didupol xaAuBdivol nupyol Bapldg av-
Uywong (M1A-MN7A kai N1A-M7A), (B) dUo €1dikoi XaAUBdIvol
nupyor (MTA kar MTA) pe duvaTtdtnTa va @épouv 12000KN o
kabévag kabwg kal ei1dIkEG diata&eic £€dpaong kal puBUIoNG
otnVv KePaAn Toug (Eikova 4), (y) 16 aveEdpTnTeg Oepein-
oei¢ (naooahol ouvdedepévol Pe KEPAAOBEOUOUG) Yia Kabe
nupyo, (d) di1adpduoug and onAIoHEVO OKUPODEUA €ni Tou
€dAMOUG yIa TNV NPOCUVAPHOAOYNON TWV UNOTUNUATWOV TWV
HETAAANIKWV TOEWV, (€) dIadpOHOUG/YEPUPEG O BETEIG NOU TO
avayAuQo dev €nETpens TNV avanTuén XwuaToupyikwv dia-
Hoppwoewyv, kal (oT) éva nacoaAdToIXo avTioTnPIENG yia Tn
BeATiwon TN euoTaBelag Tou Npavoug TNG NPOCWPIVAG 0doU
JIEAeUONG Tou auTokivnTodpoduou. Ta napandvw Jdopika Epya
ouvdudaobnkav HPE XWHATOUPYIKEG OIaUOPPWOEIG, N €KTAON
TWV onoiwv o€ kKABe NepinTwWon OPEIAE va €ival NEPIOPICUEVN
WOoTe va ano@eUyeTal N MNeEPAITEPW MNPOCONKN (OpPTiwV OTO
oWWa TNG aoToxiag kal n emdsivwon Twv ouvlnkwv €UoTd-
Bgiag. Mia yevikn anown Twv anaitoUUMEVWV £pywv Unodo-
png diverar otnv Eikova 5.

Eikova 2. H npooopoiwon Tng aveyepong otn ¢Aaon JEAETNG
Kdl N NPAayuaTikn KaTaoraon oTn ¢Aaon aveyepong o€ axEon
ME TNV oAioBaivouoa pala

Awadpopol

ouvappoAoynong

Eikova 3. 'Epya unodoung Kal Epyacieg yia TNV aveyepon
TOU TOEOU
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Eikova 4. KataokeuTr avTnpidwv JecoBadpou Pe Toug nup-
youg MT (MTA kai MTA)

o
oy
e

Mpocwpwn KukAodopia E.O.

MoaooaloToiyog
urtooThpLEng

AugSpopol

cwotp;.to?\évnc'nq [

eni eSdadoue

EikOva 5. SuvoAikr anoyn Twv £€pywv unodoung (Afwn
npo¢ KaAapdra)

4. IoTOpPIKO KATOoAioONoNG — FEWAOYIKEG / YEWTEXVIKEG
OUVOnRKeG

H kataoTpo@ikf ¢aon TnG KaTtoAiobnong ouveéRn Tov de-
Bpoudpio Tou 2003 peta anod nepiodo €EQIPETIKWV BPOXO-
NTOOEWV. Q¢ anoTEAeopa, anokonnke n EBvikA 0d6¢g o€ un-
koG 200 m nepinou kal PeTaTonioTnke opilovTioypagika Ka-
Ta 100m Kal UYOMETPIKA KaTa 40m (kata WeEyioTo). Ta ka-
TAOTPOPIKA ANOTEAECHATA TOU (PAIVOUEVOU eKTABNKav 400m
avavT kar 700m katavT Tng E.O.

H nepioxr dopeital kKupiwg and eAUOXN WauKITIKAG Kal IAUo-
AIBIkng oloTaong, evw APECwWG avavTtl Tng KatoAiobnong
deonodlel epavion acBeoToAiBwyv. Ta napdywya Twv oxnua-
TIOU®WV auTwv, KoAAouUBla, kopnuaTta kai pavoueg anood-
Bpwong, enikaAUNToOUV O ONPAvTIKO naxog (>30m kaTd Bg-
o€IG) To Bpaxwdeg unoBabpo. H nepioxn TnG katoAioBnong
xapakTtnpileTal and €va pop@oAoyiko BUBIOKA NOU anoTEAE-
o€ TN AekAvn anobeosws TWV €dAPIKWV UAIK®OV, EV® N €nMi-
@daveia oAioBnong evronileTal KOVTA OTO OPIO AUTWV KE TOUG
UMNOKEIJEVOUG BpaxmwdeIg oXNHATIGHOUG.

2T0 IxNMa 1, onou diveral pia evOEIKTIKN YEWTEXVIKA diaTo-
un, napouaialeTal n XapakTNPIOTIKN €IKOVA TOU YEWAOYIKOU
- YEWTEXVIKOU NEPIBAAANOVTOG. ZNnUEI®VETAl To Oplo Tou Bpa-
X®doug unoBabpou (PAUOXNG) KABWC Kal Ta UMEPKEIPEVA
oAlgBaivovTa €dagikad UAIKG (KOprAuaTa noikiAng npogAeuong
kal ouoTaong), Ta onoia €prnouv ndvw oto oTabepo undpa-
B8po Tou PAUOXN. EnionuaivovTal 1diaiTepa 2 oToIXEia TNG Ye-
wAoyiag Tng katoAioBnong: (a) To Kupaivopevo ndaxog Tng
(15-40m) kai (B) ol aAAay€g Tng kAiong Tou unoBabpou (12°
-30°), n onoia Tonikd OoTNV MEPIOXN KATAOKEUNG TWV £PYWV
TOU apIOTEPOU KAAGJOU Kdl TOU NAacodAdTOIXOU UMOCTNPIENG
E.O.) yiveTal noAU anoTtoun (>40°). AuTtr n unoyeia JopQo-
Aoyia Tng ema@ng «eda@ikwv-unoBdadpou» dnuioupyolaos
apevog Peyain apeBaidTnta wg npog Tn Hopepn TNG YEWTE-
XVIKNG d1aTouNG (Naxog XaAapwyv UAIK®V, KAM.) KATA WAKOG
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TOU £pYOU Kdl AQETEPOU €UVOOUTE Kal EUVOEl TNV avanTuén avaykalotTnTa Kkataypa®ng kai agloAdynong tTng eEEAIENG Twv

andéTopwv oAIgONoewv. AUTEG akpIBWG Ol ONUAVTIKEG aBe- METAKIVAOEWY. H anoTunwon Twv npaypaTik®v TACEwV OTO
BaldTNTEG WC NPOG TN CUMNEPIPOPA TNG oAigBaivouoac pa- d1aoTNUa TNG KATAOKEUNG TNG YEPUPAC BewpnBnke wg Baoi-
{ag, og ouvduaopd PE To Yeyovog OTI n KivnuaTikh dpaoTn- KO npoanaiToUKEVO YId TOV ANOTEAECUATIKO YEWTEXVIKO OXE-
pIOTNTA TWV £daPIK®V palwv oTo didornua 2000 €wg 2010 31a0pu0 TWV £pYwV UNOJOUAG AAAG Kal TWV EPYWV avwdoung
napouciale @Acelg €vTaong kal UQEONG, MPOKAAEoAv Tnv (nUpyol ouvappoAoynaong).

- AZONAT MAPAKANYHE

i - ASONAT MEQYPAL
W ' — A
P N o MASIAAOTOIXOE
b T a el
—_— = \ Npapoh Nigyou MN2A
e kal £ —Mpofiold Mipyou N24
i i o 8 /
o T "ns - !-\ —— bl
== i
— 5 S
e —
184 ~ 5 125 S "N
Exryievo 6po Poayisbous umofdBoou - o 8 P
o .
= N\ i
\ 230
\
N\
! ;-
~ 340 1
.\ Z20ONH OAIIOHIME L ~ ~ -
om 10m 20m 0.0 ~— e “
— \L‘ﬁ 7= f!:
wal
EMKAPIIA TOMH METASY TOQN MNYPMQN N2 & N3
X.© 16+461

SXAHAa 1. XapakTnpIoTIKN YEWTEXVIKN TOMN HE TIC BECEIC EPEUVOV KAl YEWTEXVIKNAG NapakoAoubnong

5. ZTOXEUHEVEG YEWTEXVIKEG EPEUVEG Yiad TA MPOCWPI- 08¢on. OI YEWTPNOEIG OUUNANP®ONKAV HE KATAKOPUYEG Kal
va £épya avéyepong nAayieg diaokonnoelc pe diatpnTikd opeio (wagon drill),
ONw¢ evOEIKTIKA aneikovifeTal oTo ZXNKUa 2 yid TNV NeEPIOXN
Mpokelgévou va diepeuvnBolV 01 YEWTEXVIKEG OUVONKEG HE Tou nupyou M6. H epappoyr TwV dIAOKOMNOEWV XPNOINEUTE
Tn WeyioTn duvaTr akpiBela otn B€on Tou €pyou, uhonoinén- WOTe va evTonioBei To avayAupo Tou unoBadpou pe oxedoOV
ke ano Tov avadoxo (apxikd K/= Alpine Bau-TEPNA A.E. kai anoAuTtn akpiBeia o diatoun Kal o€ kabe nupyo. H nAnpo-
oTn ouvexela TEPNA A.E), und Tng odnyieg Tng €Taipeiag «O- (opia auTr ATav avaykaia yia 1o oxedlaopo Tng Padidag Be-
AOTEXNIKH E.M.E.» (peAeTnTh kal oupBoUAou Tou avado- MeAiwong Twv €pywv unodoung yia Tnv avéyepon (Bepelio-
XOU KaTd TNV KATaokeun), £&va Npoypappa YEwTpnoewy, dia- on nupywv, BepeAiwon Npoowpivdv dIadpoHwV/YEQUPWY,
OKOMAOEWV Kal €yKaTadoTaong NpOOOETWY YEWTEXVIKWOV Op- KAM.), KaBWG Kal TWV £PYwV NMPOCWPIVAG NpoaTaciag Thg o-
yavwv napakoAouBnong. EkTeAeoBnkav SelypaToAnnTIKEG doU napakapync. Tautoxpova, n avayvepion TnG HoppoAo-
YEWTPAOEIC oTn B€on kaBevog and Toug enTd NPOowpPIVoOUG yiag Tou unoBabpou £dwaoe kal TN duvaToTnTa BeEATIOTOMOIN-
nupyoug, and TIG OMOIEG £YIVE AvAyvwPION TWV OXNUATIOHOV ong Twv B€0cwv kal Tou BABOUG TwV opydavwv napakoAou-
Kal ekTignon TnG B€ong TnG smipaveiag oAiobnong oe kabe enong.
\ X.8 16+600
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ZxXAHa 2. EpsuvnTiKEG dIaTPATEIC YIa TOV EVTOMIOUO TOU unoBadpou oTtnv nepioxr Tou nupyou M6
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6. M'eWTEXVIKA NnapakoAolONoN KATA TNV KATACKEUN
6.1. F'evika

H yewTexvikfl napakoAouBnon kata Tn dIApKeld TnG KaTa-
okeung (OuvoAikn JIApKeIa NeEPINou TECoEpa Xpovia) enERaie
TNV avanTtuén evog ouoTrnuatog napakoAolBnong HECW oOp-
YAVOUETPNOEWV HE AVTIKEIPEVIKO okond (a) Tov ouvexn &-
AEYXO Kal €KTIUNON TNG OUMNEPIPOPAG TNG KaTtoAioBnong
WOTE va yivovTal ol avaykaieg pubpiosig avaAoya pe Tig ava-
NOMEUKTEG PETAKIVIAOEIG TWV EpywV BepeAinong, (B) Tnv k-
Tiunon Tou yewTexVIKoU KIVOUVOU O omoiog apopouads TOCO
oTtn {wvn TwV epyaci®v 600 kal oTnv avavti {ovn SIEAEUONG
ouvexoUC Kal OnUavTIKAG KUKAOQOPIag ToU auToKIvhTodpO-
Hou, (y) Tnv BeATioTonoinon Tou oxedlaopoU Kal TnG Karta-
OKEUNG TwV JOHIKWV €pywv Unodoung. H euneipia anod Tig
YEWAOYIKEG OUVONRKEG OTNV neEPIOXn Kal €181kOTEpA anod Tnv
Hakpoxpovn napakoAolBnon TnNG CUMNEPIPOPAG TwWV aAoTd-
BwV NEPIOXWV TOU OUYKEKPIMEVOU €pYou AAAA kal oTn gupu-
Tepn Iwvn TNG odoU €dsixvav TNV aueon oxeon Tng dpdong
Twv UdATWV OTNV EveEpyonoinon Twv acToxlwv. H apecoTnTa
avTidpaong Tng oAioBnong oe oxEéon ME TIC BPOXONTWOEIC
(anoTéAeopa PAAAOV TV HIKP®V USPOYEWAOYIK®OV AEKAVOV
avavTi Tou £€pyou) €ival EVTUNWOIAKN Kal KaTayeypauuevn.

H Eapvikr au&non Tou pubuoU WETAKivNONG Kal KATa Ouve-
neia avgnong Tou kKIvOUvou aoToxiwv, €1dIkA oTnv nepiodo
TV Bpoxontwoewv (Mepiodog NosuBpiou-AnpiAiou), o€ ouv-
duaopo HE TNV KPIoIHOTNTA TWV £pywV (000G 08 KUKAO®OPI-
a, napoucia PeyaAou apiBuol npoownikoU Kal Bapeinv pn-
XavnuAaTwv) Kal TIG KATAOKEUEG HE AUENMEVEG analTroelg Be-
MEAIWONG Kal YEWHETPIKWV MEPIOPICHWY, 0dYyNoav oTo GUW-
népaopa OTI N GUVEXNG EKTIUNON TOU YEWTEXVIKOU KIVOUVOU
MEOW £VOG ekTETAPEVOU JIKTUOU OPYAVOUETPAOEWY ATAV €MI-
BeBAnuEvVN. KpiBnke anapaitnTn yia Tov okond auTd, €KTOG
TWV CUMBATIKOV YEWTEXVIKOV OpYAvWY, N €YKATAOTAON EVOG
OUCTAKATOG ouveXoUG auToNaTng napakoAouObnong Kai Ka-
TAYPAPAG TWV KPICIJWV MNApAETPWV TnG OpaoTtnpioTnTac
TNG aoToxiag, o npaypaTikd Xpovo. AVTIKEINEVIKOG OKOMOG
auTtAG TNG €MIAOYAG ATav va undpxel duvartotnTa MmpwIKNg
avayvwpiong evog nieavou kKatoAloBnTIKOU (paivopévou (To-
nikoU A Yyevikeupévou), To onoio Ba £Bale oe kivduvo Tnv
KukAogopia, Toug gpyalOUEVOUG Kal Ta €pyad. Asv npénel va
diapelyel 6TI OA0 To gyxeipnua (KUKAoQopia Kal KaTaokKeun)
€dpaloTav npoowpiva o pia €dagikf pada, n onoia, Tonika
TouAdxioTov, BploKOTaVv 0 OUVOAKEG OpIakAG Icopponiag Kal
OUVEXWG «YAIOTpoUOe» MPoG TA KATAVTI. XApakTNnpIoTIKO €i-
val To EXAMa 3 kal napoucialel TNV €EEAIEN Tou puBuol pe-
Takivnong (mm/month), oto didoTnua 12/2008-10/2012 pe
Bdaon Ta eykaTeoTnUEVA ApPXIKA, CUUBATIKG 6pyava.

Aidypappa puBpol peTakivnang
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ZxnHa 3. Pubpuoi petakivnong 2008-2012 (oupBaTika
opyava)

ZnueiwveTal Tl TNV nepiodo npiv anod Tn HeydAn evepyonoi-
non Tou 2003, oI KATAYPAPOUEVEG UETPNOEIG TWV KAICIOUE-
Tpwv oTo BABOG TnNG oAigbnong eixav pubud €EEAIENG ~15-
30mm/month, eve 0 puBpog TwV ENIPAVEIQKWOY WETAKIVAOE-
wv (METpOUHEVEG Ot Tomoypa®ika Badpa) nArav 17-63mm/

month. Av kal ol puBpoi auToi ATav 10nAdaciol nepinou ouy-
KPIVOUEVOI WE TOUG avTioToIXoug Tng nepiodou 2008-2012,
divovTag TNV €ikOva AMIag KIVAUATIKAG dpaoTtnpioTnTag, dev
1oxUel TO i3I0 av TO XPOVIKO Napdbupo eAéyxou eival HIKPO-
TEPO Kal PE OUVEXEIC kaTaypaPec. To yeyovog dnAadn OTi ol
XEIPOKIVNTEG METPNOEIG €ixav MIKpr ouxvotnTa (n.x. Mia
(POopa TO WAva) dev €METPENE TNV KATAypa®n «emrayxUvoe-
Wv» TNG kaTtoAiobnong ota pecodiacThuaTta. 'ETol Oonwg
qaiveral aTo deUTepo diaypappa (Exnua 4) anod TG kaTaypa-
(PEGC TOU QUTOMATOMNOINUEVOU CUCTHNATOG, UNAPXOUV «XPOViI-
KA napabupa» (n.x NpwTeg nUEPeG MapTiou 2013), peca orta
onoia o pubuog Tonika NTav NoAAanAdciog Tou PEYEBOUC TNG
nepiddou TNG aorToxiag (EUTUXWG HOVO yia AYEG HEPEG I -
pec). Ano Ta napanavw eniBeBaiwveral 0TI TOUAAXIOTOV TO-
nikd unnpxav xpovikd d1acTripaTa ora onoia o Kivduvog &-
VvOG KaTtoAigbnTikoU @aivouévou ATav €EQIPETIKA HEYAAOG.
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ZXAHa 4. XapakTnpIoTIKN KaTaypaer evog auToPaTonoinye-
VOU 0pYyavou nou deixvel eneigodio sMITaxuvong yia Aiyeg
MOVO HEPEG (KaTaypa®r evrog TNG ENIPAVEIAG aoToxiag)

6.2. AIKTUO AQUTOHATWV Kdl CUHBATIK®OV OpYyavmv

H avaykn yia napakoAouBnaon Tng SUVAWIKNG TNG KaToAiodn-
ONG NPOTABNKE KAl anopacioTnke va KaAu@Bei ps tn olvOe-
on evog a&idnioTou JIKTUOU 0pYAavwy, Kabwg Kal CUPBATIKWOV
Kal auTONaTONOINUEVWY WETPAOEWY, Ta onoia B8a £divav Tn
duvatotnTa oTnv opada napakohlouBnong (OAOTEXNIKH
E.M.E. kai TEPNA A.E.) va skTigoUv Toug KIvdUVOUC Kdl va
npoypaupaTifouv To €ninedo TwWV HPETPWV €naypunvnong n
Kal TWV PETPWV avaoToANG €pyaciov kal KukAogopiag (av
auto ATav avaykaio). To SiKTUO TWV AUTOMATOMOINHEVWV
opyavwv 6a Ikavonolouse akpiBwg TNV avaykn OUVEXOUG
(real time) evnuépwong OXETIKA YE TNV KIVAUATIKA KaTdoTa-
on TnG KatoAiobnong kair oxedidoTnke va nepiAapBavel
(=xnua 5):

e 4 KAICIOMETPIKEG OTAAEG OTIC YEWTPROEIG KA2, KA3, KA4
kalr KA5 (kar pereneima peTra@épbnkav oTig KA2N, KA3N,
KA5N)

e 4 nAekTpika nielduerpa (NZ-2, NZ-3 kai NZ-5) pérpnong
TNG NiEoNG TWV NOPWV OE EEXWPIOTEG YEWTPNOEIG dinAa
oTig KA2, KA3 kal KA5 (2Tep.)

e £va BPOXOMWETPIKO aTABUO

KaBe KAICIOUETPIKN OTAAN anoTeAsiTal and pia ouvexn «aAu-
oida» povipwv KAIoIopeETpwy (in place inclinometers) Ta o-
noia AapPBavouv UETPAOEIC ava kabopiopéva and Tov XprnoTn
Xpovikd diaoTnuarta, padi kal Ta unodAoina yewTeXVIKA 0pya-
va Tou auTtopartonoinuévou SIKTUOU PETPROEWV. STO SXNAMa 6
aneikovileTal (a) oxnuartikd n d1acuvdeon TWV OpYavwv HeE
TNV KEVTPIKN Kataypagikr povada, (B) n diata&n piag ortn-
ANG («Tpevaki») povipwv kAioiopéTpwy (IPI chain) evrdg ye-
WTPNONG, €EONAICUEVNG PE KAICIOUETPIKOUG OWARVES Kal ()
n d1aTagn e€ykataoTaong 2 NAEKTPIKWV MIECOPETPWV €VTOG
yewTpnone. Ta napandavw auTtdépata opyava cuvduacdnkav
ME 7 akOpa oUMBATIKA KAICIOUETPA Kal PE oupBaTika mielo-
METPA, KaBWe kal Ye 4 sm@aveiakoUg onTikoug aToxoug (3D
KATONTPO) Yia TNV €EakpiBwon TwV HETAKIVACEWY OTNV
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€NIPAvela. ZTn OUVEXEIQ Kal akoAouBwvTag Tnv €EEAIEN TNG
KATAOKEUNG TonoBeTBnkav 26 onTikoi aTdX0I napakoAoudn-
ONC Ot XAPAKTNPIOTIKA OOWIKA OTOIXEia TwV £pywv Unodo-
MNC. Eniong, xpeiacdnke n enavaTonoB£Tnon KAICIOUETPOU
UoTepa anod unepBoAIKn NapagopPpwaon Tou owAfva, n onoia
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dev enéTpens Tn AsiToupyia Tou. To GUVOAO TWV Opyavwv
auTwV Napeixe 0AOKANPWHEVN NANPOPOPNCN YIA TNV KIVNUa-
TIKA KaTdoTtaon Tng KartoAiobnong kai TIG EMINTWOEIG TOU
(aivouévou oTa SopIkd €pya, NAVW OE 2 KUPIEG YEWTEXVIKEG
TOUEG.
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ZxAHa 6. (a) AiKTUO OpyAvwV auToUaToNOINKEVWY HETPAOEWY, (B) OTAAN QUTOMATWV KAICIONETPWY,
(y) eykataoraon nA. mefdPeTpOU

6.3. Alaxeipion kai a§ioAdynon HETPAOEWV AUTOMATO-
MOINMEVMV 0pYyavmv

H enikoivwvia pe To cloTnNa Twv opyavwyv (ExnAua 7) kai o
NPOYPAUHATIONOG ToU YIvOTaV HECW UMOAOYIOTN €EONAIOME-
vou pe GSM modem kai Tn Xpnon eidikoU AoyiodikoU
(Multilogger). Ze kd6e oUvdeon He TNV KATAYPAPIKN povada
YIVOTAV TO «KATERBACHA®» TWV MPWTOYEVWV JO£dOHEVWV (raw
data), Ta onoia oTn ocuvexela eneEepyalovrav PECW €101KOU
AoyiopikoU (Excel spreadsheet) nou avanTuxBnke yia To
okonod auTd. ZTOXOG ATAV N UETATPONN TWV AVEMNEEEPYATTWV
OTOIXEIWV OE YEWTEXVIKA NAnpogopia (PeTakivnon, melopeT-
pIkf oTABWUN, UWog Bpoxng), aAAd kai n oAokAnpwpévn na-
pouaiacn kal afloAdynon Twv OToIXEIWV auTwV Pe Tn BonBe-
10 MIVAKWV Kal dlaypauudTwy Ta onoia ouvowidav, aneikovi-
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Cav kal ouoxeTifav OAn TNV GUAAEyOHEVN nAnpogopia
(Exnua 8). H diadikacia TNC evnUEPWONG Tou AoyIOTIKOU
(PUAAOU EiXE NPOYPAPHATIOTEI va YivETAl AUTOPATA Avd TAKTA
XPOVIKa dlacTrpaTa, 00 popéc dnAadn yiveral kai n Anwn
METPNOEWV OTA YEWTEXVIKA Opyava (6-12 popeg ava nuepa).
To evnuepwWHEVO auTd AoyioTikO (GUAAO ATAv npooBacipo
anod OUYKEKpPIMEVA aTtopa, via kaTtéBaopa (download) oe
oTabepd olvdeapo (link). H kataypagikr povada (eEonAio-
pévn pe GSM modem) napeixe emnAgov Tn duvaroTnTa a-
NooTOANG MNVUpaTwyv (SMS), katd Tnv unépBacn kabopio-
Hévwv opiwv TiHwV (alarm limits), o emAeypeva opyava. H
duvaToTnTa auTh Xpnoigonointnke yia Ta poviua (autopara)
kAio1bpeTpa (evTog Twv Jwvowv oAicBnong), yia Ta onoia
kaBopifovrav ava TakTa diacTAPaTa opia TINWV YETAKivnong
nou nAnpouaav To 1° 6pio eAEyxou.

ZgAida 10



Master Logger (ML)
8 MUX KA-2/T2-2

h 4

Slave Logger (SL)
8 MUX KA-5/TZ-5

ZxAHa 7. Eikova ano Tnv npayuarikn cuvdsapoAoyia

Readings are
downloaded on
local PC as txt file

=>

new data from txt

Data Is presented
and analyzed.

Updated Excel Sheaet is
uploadad on Dropbox

ZxApa 8. Aidypappa Asitoupyiag Tou autopaTou dikTUOU

6.4. KpiTipia napakoAouébnong

META TNV €yKATAOTAON KAl TNV MANPN AEITOUPYIKN dAnoka-
TaoTacn Tou £EonAiopoU, KaBwG Kal Twv avaykaiwv pubpi-
ocwv, kabopiobnkav Ta kKpITRpia We Bacn Ta onoia Ba yivo-
Tav n a&loAdynon Tou YEWTEXVIKOU KIvdUvou. Anopaaciodnke
OTI Ta pova KpITApIa Ta onoia pnopouoav va a&ioAoyouvTal
AuEeca Kal o€ NpaypaTiko xpovo fAtav (a) o pubudg TnG YeTa-
Kivnong o€ oxeon HME Tn BEwPOUMEVN WG KATAOTPOPIKN HE
Bdaon Tnv euneipia Tou 2003, (B) n €kTaon kal 6€on Twv na-
paTnpoUHeEVWY pUBU®YV METAKIVNONG, OTNV oucia KpivoTav
av n €MITaxuvon TngG KIVNUATikng dpaotnpidTnTag apopouaoe
o010 oUVOAO TNG {wVvNnG TOU €pyou N anAd O Wia WIKPR TOMIKA
aotaBeia. To NpWTO KPITAPIO ATAV ANOAUTWG AVTIKEILEVIKO
Kal eNIAEXONKE WG N NApAPeTpoG N onoia Ba oxetildoTav pe

TNV avdantugn Tou OUOTANATOC £ykalpng npoeidonoinong os
npayuaTiko xpovo. O Mivakag 1 napaBerel Ta 6pia eAEyXou
oUpPwva pe Ta onoia a&loAoynBnke n diaBabuion TnG eni-
KIvOduvoTnTAag TNG KIVNKATIKAG dpaoTnpioTnTag. To deUTepPO
KPITHPIO anoTeEAOUCE AVTIKEINEVO OUOTNHATIKAG agloAdynong
OAWV TWV METPACEWV KABWC Kal €MITOMOU PAKPOOKOMIKWV
napaTnpRoewy. ZNUEI®VETAl OTI Ol HAKPOOKOMIKEG NaApaTn-
PNOEIG anoTeAoUaoav TUAKA TOU MpoypdupaTog napakoAou-
Onong pe ouxvoTNTa TOUAAXIOTOV HIa GOopd TNV NUEPA KATa
TNV Kpioiun nepiodo Twv &vrovwv pubumv WeTakivhong. H
npoondBeia nTav va evronifovral BubBiopara f pwyueES oTO
0d00TpWHA TNG napakaunTripiag odol, €MIPAVEIaKEG avap-
AUOEgIG UdATog OTa Npavr), TOMIKEG ACTOXIEG OTNV €M@Avela
TWV Npavwv, opateg aAAayEég oTIG BECEIC apuwV TAPPWY,
KEPAAOJEOHWV, DOUIK®V OTOIXEIWV.

Mivakag 1. MpoTteivopeva ‘'Opia EA£yxXou yia TIG HETAKIVOEIG TWV KAICIOHETPWV

PuBpog petakivn-| Xpovikd |ABpoIoTIKNA Eve
ong diaoTnpa | METAkivnon Vepyela
‘Opio 1| = 3.0mm/month > 30 days 3.0mm A&loAOYynon dedoPévwY Kal NUKVWON JETPNOEWYV
OUMBATIKWV opyavwy oc 2 ava epdopada.

'Opio 2| = 6.0mm/month > 15 days 3.0mm |AEIoAdynon dedopévwyv Kal nukvwon o€ 1 ava nuépa,
al&non ouxvoTnTag Anwng dedopEvwyY anod To auTo-
pato oloTnua o€ 6 TNV NUEPA, HaKPOOKOMIKEG Napa-

TNPNOEIC 2 POPEG TNV NUEPQ.
‘Opio 3 | = 10.0mm/month | = 15 days 5.0 mm AZIoAOYNON dedoPEVWV NUKVWON HETPAOEWY WG AVW
Kal d1aKonn €pyaciwv aTnv nepioxn Tou TOou, ano-
> 30.0mm/month > 7 days 7.0 mm pakpuvon Bapsiwv pnxavnudtwy, nposToiyaacia yia
niBavn diakonr) KUKAogpopiag.
! > 30.0mm/month | = 15 days 15.0 mm |'Onwg avwTEpw Kal odnyia yia KAEioIyo KukAogpopiag.
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7. XapakTnpIOTIKA anoTEAECMATA KAl YEVIKA OCUHNE-
paopara and TRV gvopyavn napakoAoubnon kara
TNV KATAOKEUN

O 0yKoG Twv dedopévwy and TV Pakpoxpovia evopyavn na-
pakoAouBnaon Tng katoAiodnong ivar eEalpeTIka Peyalog kal
anaitei ekTevr] avdAuon Kal X®WPO yla va NapouciacTel HE
nAnpoTtnTa, 1diaiTepa d€ yia va enixeipnBei n a&ioAdynon kai
0 OUCXETIONOG TWV EMNIMEPOUC NAPAPETPWY MOU ennpealouv
To KATOAIOBNTIKO (aivopevo. =Tn ouvéxela 6a napatedolv
Kanola Bacika OTOIXEId KAl OUPNEPATUATA Nou divouv avTi-
NPOCWMEUTIKA €IkOva.

A. Méoog puBuOG pETAKiVvnONG — Badog oAiobnong

O Nivakag 2 ouvowilel TIC HETAKIVATEIC Kal TOUG HETOUG pub-
HoUG nou unoAoyioTnkav oe 11 Béosig epeuvwv. EE autwv
NPOKUNTEl NWG 0 PUBNOG WeTakivnong dlapEpel avaloya He
Tn 6€0n TnG kaToAiobnong nou e€€etaleral. AuTOG KupaiveTal
ano ~15-40mm/year, Ye pia péon TiUn 25-30mm/year va

Mnopei va BewpnBei avTinpoowneuTikr. H diakuuavon autn
EKTINATAI NWG OPEIAETAl KUPIWG oTnV €nidpacn dUo BaACIKWV
YEWUETPIK®OV NAPAUETPWY TOU paivopevou: (a) Tou Badoug
NG oAioBnong (naxog) kar (B) Tng kAiong Tou unoBdBpou
nadvw oTo onoio oAigBaivel n €da@ikn pala. And Tnv eneep-
yacia Twv HPETPNOEWV NPOEKUWE NwG au&avopévou Tou Ba-
Boug kal TnG kKAiong Tng emi@aveiag oAiobnong emdsivmveTal
Kal n aoradeia TG €daikng palag. O TpPONOG CUOXETIONG
TWV NAPAPETPWV AQUTWV UNOOTNPIZeTal KAl and To OXETIKO
ypapnua (=xAMa 9) nou apopd oTo KoIvo dIacTnHa Napako-
AouBnong 6 kAiglopETpwyv. Mia TETola oxeon nTav BéPaia
avapevopevn Jia kal anAa snifepaiwvel 0TI 660 nio £vrovn
gival n kAion aAAd kar peyalou ndaxoug n oAigBaivouca pa-
Ca, TO00 au&averal o pubuodg kivnong. H xpnoindtnTa oW
TNG OUYKEKPIPEVNG OUCXETIONG ATAV PEYAAN YIa TNV €KTIUNON
TNG MIBavng PeyioTng PETakivnong os kGbe Bon Babpou kal
NG MBavng NpooBeTNG kaTandvnong NAvw OTOUG NACCAAOUG
Bepeliwong. To npdBANKa auTd avTIUETWNICONKE OTO €NdOME-
Vo 0TadIo oxediaguoU TnG BepeAinong.

Mivakag 2. Z0voyn TOV HETAKIVIIOEWV OTA EYKATECTNHEVA KAICIOHeETpa (2012-2016)

01/13 - 06/14

07/14 - 02/16
01/13 - 05/14
09/14 - 02/16

01/13 - 03/14
05/14 - 02/16

07/12 - 03/15

06/12 - 03/15
10/12 - 03/14
05/14 - 04/15
MNepiodocg MNapakohouBnong ®ef 2013 - ©ef. 2014
45
2=
E i T4-KN1
— 0 L] * T4-KN2
g
g 28 KAS
g 20 KA2 KA3 2
g 15 E
&
a 10
g s
2
o
o 5 1o 15 20 25

Zuvteheatn k = BaBog {wvng ohioBnong * sin{kAion unofadpou)
ZXAHA 9. ZUoxXETION pubuoU PeTakivnong pe Babog
oAigBnonc/kAion unopabpou

B. M&oog puOHOG HeTakivnong — MEJOHETPIKEG
oTaoueG — Bpoxontwon

H al&non Tng Kivnuarikng dpaotnpidTnTag Tng KatoAiobnang
oTtn d1apKela Tou Xelpwva, €181ka oto didoTnua Iavoudpiog -
MdapTiog, NTav avapevouevn Kal ouvnéng oe KABe nepinTw-
on. H TaxuTtnTa andkpiong TnG katoAiobnong otnv av&non
TNG nIECOPETPIKNG OTABUNG, AUEOWC WETA anod &VvToveg Bpo-
XONTWOEIG, €iXe NPAKTIKO ev3laPEPOV KUPIWG oTa nAaioia Tng
npoBAewng - enaypunvnong Kal €ykaipng npoesidonoinong.
210 EXAMa 10 kal oTo =xnAua 11 divovTtal diaypaupara Bpo-
XONTwoNG Kal otadung melOPETPWV MOU KAAUMTOUV TIG Me-
pI0douc €Eapong Twv PBpoxonTWoewv yia Ta &€tn 2013 kai
2014, avrioToixa. daiveral XapakTnpIoTIKa n CUCXETION Mou
€XOUV 0l BPOoXONTWOEIC, 1I31aiTEpa o1 Jeyalou UWoUG, PE TNV

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

13.5 - 15.0p
10.5 - 12.0p
16.5 - 17.5p
15.0 - 17.0p
01/13 - 04/14 -

29.5 - 31.0p

14.0 - 15.0p
19.0 - 19.5p
39.5 - 40.0p
37.0 - 37.5u

MNMepiodog MapakoAo- | Zwvn Ol\loen- ZUVOAIKN HETAKivnon Mé&cog pubpoOG
ulno mm mm/year

8.4 5.4
23.1 17
19.1 13

28
77.5 27
53.4 39
21.1 20

au&non Tng niefOPETPIKNG OTABUNG N onoia €ival evTovoTepn
ora nieopetpa NZ-2 kar NMZ-3, dnAadn oTo OXETIKA PNXo
TUAMA TNG KaToAigbnong (BA. yewTexvikn diatoun, xnua 1).
MapaAAnAa oTta Zxnuarta 12-14 divovral diaypauuara pud-
MoU ueTakivnong yia TiG nepiodoug 2012-2013, 2013-2014
kal 2014-2015, avTioToixa, 6mnou n au&non Tou puBuou TnG
Kivnong ival oa®ng kal akoAouBei TIG Paoelg PeydAwv Bpo-
XONTWOeWV Kal dpa atu&nong Tng nieoPETPIKNAG OTABUNG.

I'. METAKIVAOEIG 0TA JOMIKA OTOIXEIa

Evdlapépov napoucialouv Ta anoTeA&éonaTa TG Kataypaenc
TWV ENIMNTWOEWV TNG KATOAIOBNoNG Navw oTa doMIKA OTOIXEI-
a TV NPoowWPIVEV £pywv nou edpalovTav PéEoa oTnv aoTa-
on edaikn pala, Ye Baon Tnv Tonoypa®ikn napakoAouBnaon
ONTIKWV OTOXWV. € OXEON HE TIG EMINTWOEIG OTNV KATA-
OKEUN, auTd Ta pey€Bn eixav peyaAuTepn a&ia S10TI ouykpi-
VOVTaVv HE TIG NPOBAEYEIG OUVOAIKWV HETAKIVAGEWY oTn dI-
APKEIA TNG KATAOKEUNG aAAG KUPIwG KE TIG eMBEBANUEVEG OI-
AQOPIKEG HETAKIVAOEIG HETAEU BABpwV oTa NAQicia TNG YEAE-
TnG. Ta oToixeia auta Atav BéRala cuoTnuaTika diabéaiya
OTOV avadoxo WOTE va MNpoypauudaTile dIopOWOEIG OTOUC
nUpyoug avéyepang av auto KpivovTav avaykaio.

Mpokelyévou va ival ouyKpioiua Ta PeyEdn TwvV PETAKIVAOE-
wv, Ta diaypaupaTta Twv opifovTiov (ExAMa 15) kal katako-
puUQwWV (=xnua 16) ueraTtonioewv agopolv oTo didoTnua
napakoAouBnong 03/2013-03/2014 kai oxI o€ OAn Tnv diap-
kela Tou ‘Epyou. Me Baon auta dianioTwvovTdl 51aPopEG OTIG
MeTaTonioslg, T000 PETAEU dUo diadoxIkwv BABpwv Tou idlou
kAadou (n.x. M2A-M3A), 600 kal YeTa&u Tou de€loU kal api-
oTepoU Badpou Tou idiou MUpyou (n.X. M2A-M2A). O1 diapo-
PEC AUTEG a@opouv TOOO OTIG OpIfOVTIEG HETAKIVIAOEIG 000
Kal oTI¢ kKaTakopuPeg (dlapopikeg kabIlnoeig). =1o opilovTio
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ZxAHa 12. AilakUpavon Tou puBuou PeTakivnong ota
auToparta KAIoIopeTpa (2012-2013)
AIATPAMMA ESEAIZHE TOY PYEMOY METAKINHEIHE
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Inueiwon: Ynokoyouds puBuod peTaxivions yio SiaoTipora

SxAMa 13. AiakUpavon Tou puBuou PeTakivnong ota
auToparta KAIoIopeTpa (2013-2014)
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ZxnHa 14. AiakUpaveon Tou puBuou PeTakivnong ota
auTtopara KAIoIopeTpa (2014-2015)
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me.la 15. OplCOVTlsg psTaTonloslq orta qupa Gspe)\lwonq
TV NUPYWV aveyepong TnG yEPupag kai aTov MNacoaAdToixo

AIATPAMMA KABIZHZEQN. Nepiodog: 28/3/13 - 31/3/14
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ZxAHa 16. Katakdpupeg pyetatoniosig ota Babpa Ospeiin-
ong Twv NUPYwV aveéyepong TNG YEQUPAg Kal aTov
MacoaAoToixo

eninedo n pPeyaAUTepn anopdkpuvon Kartaypagnke HETAEU
Twv Babpwv M1A kai M2A (2.2,2cm), eve ol heyaAlTepeg di-
apopikeg kabilnoeic napatnpolvTal PETAEU TwV KEPAAODE-
opwv M2A kar N3A (20cm) kai N2A-M2A(2,4cm).

TENOG, OuykpivovTag TIGC EMIQAVEIOKEG ME TIG €1 Babog
METAKIVAOEIC 0dnyoUaoTe oTa €ENG cupunepaouaTa:

(1) oI PETAKIVACEIG Mou KaTaypd@ovTtal navw ota OopIka
oToixeia Tou ‘Epyou (MaooaAoToixog & KepaAodeopor Mup-
ywVv) au&avovTal he TNV av&non Tou BaBoug gugaviong Tou
unoBdabpou, dnAadn Tou NAxoug TNG €dagIikng palag nou o-
NobBaivel oTto €€sTalopevo anpeio.

(2) To WEYEBOC TWV ENIPAVEIAKWV HETAKIVAOEWV €ival ouy-
Kpiolgo pe autd Tng em@daveiag oAioBnong, Onwg npokUnTel
ouykpivovTag (a) Tig peTaTonioslic Tou MaocoaAloToixou (25
mm) HE auTEG TwV KAIGIOPETPWV T4-KN1 kai T4-KN2 (27
mm) kal (B) Twv KEPaAodeouwy Tou apioTepol kAadou (34
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mm) HE auTEG TwV KAIOIOMETpwWVY KA5, KA6 (32mm)
(Mivakag 3).

(3) TOoo N POP®N AUTNG TNG METAKIiVNONG 000 Kal Ta WEYEDN
enaAnBeuoav TIG EKTIMNACEIG TNG MEAETNG, OTNV onoia, yia TV
npoPAenopevn dleTia wg anapaitnto Xpovikd didoTnua yia

TNV avéyepon Tou TOEou, MpoTadnke w¢ kUPIa HETAKivnon
oxedlaocpoU (eykdpaia aTov agova Tng yEpupag) n TIPA TWV
30mm/year kai yia Tnv diaunkn dielBuvon BewpnBnke ouv-
OAIKN) OXETIKN METAKIVNON HETAEU npoocwpivv Badpwv 15
mm/year

Mivakag 3. Z0ykpIion eNIPAVEIGK®OV Kdl O Badog HeETaKIVAoewV (28/03/13+7/03/14)

Zwvec oAicOnonc T4-KN1 kai T4-KN2

onTikoi 210X01 MacocaAoToixou M2, M3, M4
onTikoi oTOXO01 KEQaAodEouwv M2A, N3A, N4A

onTiIKoi 0TOX0!1 KEQPAaAodEouwy M2A, N3A, N4A
Zwvec oAioOnonc KA5 kai KA6

8. Zuvoyn

>TO ApBpo auTo MePIypAPNKE N Povadikr €Pneipia TNG Aen-
TopEPOUG YEWTEXVIKNAG NapakoAouBbnong Kai Kataypagng Tng
OUMNEPIPOPAC TNG €uplTATNG €eveEPYOU KaToAiobnong Tng
Toakwvag Kal TNG oUVeXoUG agloAdynong TWV YEWTEXVIKMOV
HeTpRoswv. H a&loAdynaon auth Xpnoihonoinénke wg epyale-
i0 EKTIMNONG TOU YEWTEXVIKOU KIVOUVOU Kal TWV EMNINTWOEWY
0Td MPOCWPIVA €pya AveyeEPONG TNG TOEWTNG YEPUPAG TNG
Toakwvag Kal Kupiwg artn dlgpXOHevn napakaunThipia odo
TOUG auToKIvnTodpopou. EEicou xpnoiun nTav n opboAoyikn
avtiAnyn TnG CUMNEPIPOPAG TNG KATOAIGBNONG OTOV YEWTEX-
VIKO Kal dOHOOTATIKO OXEDIAOUO TWV EPpYWV UNOJOUAG.

9. EuxapIoTieg

H «nepinéTeia» TNG YEWTEXVIKAG Kal SOMOOTATIKAG UNOOTAPI-
Eng Tou avaddyxou OTn PACN KATAOKEUNG TOU €pyou Kai n
avtanokpion otnv npokANon TnG OgueAiwong onPavTiKOV
EpYwV aAAd kal TnG npoowpivig £dpaong Tng EBvikng Odou,
O0TO OWHA HIag euplTaTNG EVEPYOU KaToAioBnong, ATav £pyo
oMadIknG epyaciag Twv oTeAex®V TNG eTaipeiag «OAOTEXNI-
KH E.M.E.». Suykekpipgéva epyacdnkav, ol K. SepépoyAou,
MoA. Mnx., ®. Xpuooxoidng, Texv. MewAdyog, I. Baoihonou-
Aou, Ap. MoA. Mnx., I'. MpouvTtZonouAog, Ap. MoA. Mnx., M.
®opTodkng, Ap. MoA. Mnx., K. Nikag, MNoA. Mny., . Zkapna,
Texv. Mnx. kal K. STapouAn, =xediaoTtpia. H oupada ortnpix-
Onke anoTeAeopaTtikd and Ta oreAéxn Tou avadoxou (K/=
ALPINE BAU-TEPNA A.E. kai otn ouvéxeia TEPNA A.E.), o-
Nwg €Niong Kai anod oTeAEXN Tou YNoupyegiou YNodouwy.

10. BiBAioypa®ia
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Seismic demand of coupled soil-foundation-pier
systems

Demande sismique des systémes sol-fondation-
piliers

A. Karatzetzou and D. Pitilakis

ABSTRACT The scope of the present study is to investigate
and demonstrate the effects of soil-foundation-structure
interaction on seismic demand of bridge piers ideally
founded on ground surface. For the studied soil-foundation-
pier systems (SFPS) we choose various geometric and dy-
namic characteristics in order to cover a wide range of sys-
tems. Ten judiciously-chosen earthquake records are used
to excite the SFPS and dynamic response at foundation lev-
el is calculated directly. The results clearly show modifica-
tion of the response at foundation level with respect to the
free-field. Soil conditions and structure's stiffness are found
to play the most significant role in modifying the accelera-
tion at the foundation level. We demonstrate that effective
foundation motion (foundation level motion) is an appropri-
ate index describing soil-foundation-structure interaction
effects on seismic demand of structures. Effective founda-
tion motion includes both kinematic and inertial components
of the interaction. This effective foundation motion is direct-
ly comparable to actual recordings. We compare our results
from parametric analyses with strong motion recordings
from the vast database of European project SHARE, and we
conclude that they are in accordance with findings published
in the very few recent studies that attest both amplification
and de-amplification in recorded strong motion at founda-
tion level from the free-field, because of soil-foundation-
structure interaction.

1 INTRODUCTION

In current engineering practice, ground motion recorded at
free-field conditions is commonly assumed when evaluating
seismic demand of a structure. The term "free-field motion"
(FFM) implies that ground response to seismic excitation is
not affected by the presence and oscillation of nearby struc-
tures. Naturally, response at foundation level to an earth-
quake event deviates from the free-field motion because of
soil-foundation-structure interaction (SFSI) (Gazetas, 1983)

FEMA440 (Federal Emergency Management Agency, 2005),
one of the few design guidelines accounting for SFSI,
adopts a two-step procedure in estimating foundation mo-
tion. First, kinematic interaction effects are incorporated
assuming that the structure and foundation are massless,
producing the so-called foundation input motion (FIM).
Next, inertial interaction effects are added to FIM, introduc-
ing damping at foundation level because of base shear and
moment originating from the oscillating structure. The
foundation motion including both kinematic and inertial ef-
fects will be called herein effective foundation motion
(EFM). Therefore, the response at foundation level recorded
during an earthquake event is EFM (and obviously neither
FFM nor FIM).

Due to lack of well correlated strong motion recordings be-
tween free-field and foundation, relatively few studies pro-
vide insight in the deviation of EFM from FFM. Boore et al.
(1980) showed that ground motions at the base of the
buildings decrease with increasing building height. More
recently, Fraino et al. (2012) studied the SFSI effects on
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instrumented bridges, and demonstrated clearly that foun-
dation motion is not always de-amplified from FFM, while
Pitilakis et al. (2013) argued that EFM deviates from FFM
not only due to soil-foundation-structure interaction, but
because of nonlinear soil behavior as well.

The principal objective of this paper is to elucidate the devi-
ation of EFM from FFM because of SFSI, for the simplest
case of linear structures on shallow foundations. Foundation
motion deviates from the free-field because of the com-
bined effect of both inertial and kinematic interaction. We
compare our results with actual records from a large data-
base compiled in the framework of European project Seis-
mic Hazard Harmonization in Europe" (SHARE) (Yenier et al.
2010). Strong motion recordings validate our finding that
actual foundation motion might as well increase from free-
field due to soil-foundation-structure interaction.

2 MODEL CONFIGURATION

A single-degree-of-freedom structure (SDOF) is used for
simplicity, the degree of freedom being the horizontal dis-
placement of the structural mass, ms. The SDOF structure is
characterized by its stiffness ks, its damping c¢s and its
height h. The structure is founded on a rigid surface foun-
dation of width equal to 2B resting on the soil surface. De-
tails on the system properties are given in Table 1.

Table 1. Characteristics of the two distinct soil-foundation-
structure systems at hand.

h(m) 2B (m) m, (Mg) V. (m/s)
100 100
5 10
200 200
400 300
10 10
800 400

Soil and structural properties are judiciously chosen, such
as to represent a large variety of actual soil-foundation-
structure systems. Material and geometrical properties of
the systems vary based on the governing parameters of
soil-foundation-structure interaction problems, notably the
relative structure-to-soil stiffness ratio 1/0 (=fy*h/Vs, where
fo= resonant frequency of fixed-base structure, h=distance
from the base to the centroid of inertia force and Vs=shear
wave velocity of soil), and the slenderness h/B (B=half-
width of foundation) of the structure (Veletsos and Meek,
1974).

Material properties of the structure are kept constant (mod-
ulus of elasticity E=32GPa, corresponding to concrete type
C30/37), while the fictitious circular cross-section diameter
d of the pier ranges from 0.6m to 3.0m. The structure’s
height is 5m and 10m, so as to cover typical bridge piers
that could potentially be founded on shallow footings. The
footing is 10m wide. The mass of superstructure ms is
100Mg, 200Mg, 400Mg and 800Mg, standing for the con-
centrated mass of the two adjacent half spans of the bridge
deck and half of the pier. Therefore, relative stiffness 1/o0
varies between 0.01 and 0.98 and slenderness h/B be-
tween, 1 and 2. Slenderness ratio values h/B were selected
after conducting some preliminary dynamic analyses of soil-
foundation-structure systems, and after evaluating the
bearing capacity of the soil below the selected footings.
From these analyses we concluded that low-slenderness
structures are mainly affected by interaction effects, whe-
reas evaluation of the soil bearing capacity revealed that it
was impossible to choose a realistic surface foundation for
slenderness values larger than 2.

From all configurations, we did not retain the ones that

gave very low, non-realistic values for fixed base period Tsy
(lower than 0.1s), as well as the combinations where safety
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factor for bearing capacity under earthquake loading, ac-
cording to Eurocode 8 (CE de Normalisation, 1998), was
lower than unity.

All selected earthquakes for the analyses were recorded on
rock or very stiff sites with Vi3 larger than 600m/s. No
scaling was applied, whereas a Butterworth band-pass filter
with corner frequencies 0.25Hz and 25Hz was used. The
selected records have peak acceleration amplitude varying
form 1.03m/s?> to 4.14m/s?. Details on the earthquake
records are given in Table 2, while corresponding time his-
tories and corresponding elastic response spectra are plot-
ted in Figure 1.

Table 2. Earthquake records used in the parametric ana-

lyses.
No Location Station R (km) M,
1 Friuly/Ttaly ITACA_l6 21.70 6.4
2 Loma Prieta/USA NGA_765 28.64 6.93
3 Northridge/USA NGA 1011 18.99 6.69
4 Northridge/USA NGA 994 25.42 6.69
5 Northridge/USA NGA 1078 14.66 6.69
6 Kozani/Greece ISESD 1210 16.00 53
7 Izmit/Turkey T-NSMP 1105 42.77 7.6
8 Izmit/Turkey T-NSMP 1109  3.40 7.6
9 Kyushu/Japan C&F 442 36.00 6.6
10 L Aquila/Ttaly ITACA 974 15.10 5.6
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Figure 1. Acceleration-time histories of the utilized earth-
quakes.

3 NUMERICAL ANALYSES RESULTS

Two-dimensional plane strain analyses are performed in
time domain with Opensees software (PEER, 2008) to de-
termine response at foundation level and at free-field condi-
tions. In our finite element model, the soil is simulated by 4
node linear elastic elements. Elastic bedrock is simulated
using Lysmer-Kuhlemeyer (1969) dashpots at the base of
the soil profile. The rigid foundation is simulated by 4 node
linear elastic elements. The structure is simulated by linear
elastic beam elements.
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In Figure 2, peak ground acceleration at free-field arm,max is
compared with the peak acceleration calculated at the foun-
dation, notably agm, max. Each point in the plot refers to a
single analysis of the specific structure, for different mass,
soil properties and earthquake input at bedrock. Deviation
from the 1:1 line suggests modification of the EFM from
FFM due to soil-foundation-structure interaction, including
both inertial and kinematic effects.
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Figure 2. Variation of ratio of maximum acceleration of
EFM to FFM (@gsm,max / arem,max ) With respect to the ratio of
the predominant earthquake record period T, to the reso-

nant period of the soil-foundation-structure system, for

structures (a) with slenderness h/B=1 and for height h=5m
and (b) with slenderness h/B=2 and for height h=10.

For relatively squatty structures (h/B=1), the linear regres-
sion line of maximum EFM values for all acceleration levels
deviates from armmax at free-field conditions (1:1 radial
line). The slope of the regression line of EFM values is 0.885
for the model of height h=5m, as seen in Table 3. This cor-
responds to 11% decrease on average from armmmax. The
average SD, sd.., is 0 0.38, for h= 5. Table 3 presents the
linear regression line of the moving SD.

For more slender structures with h/B ratio equal to 2 (Fig-
ure 2b), EFM peak acceleration is as low as 90% of the
free-field motion on average (Table 3), for structures with
height h=10m, due to soil-foundation compliance. Moreo-
ver, in slender structures scatter is significantly lower than
for squatty structures, while for the majority of structures
EFM de-amplifies from FFM. This implies that, besides kine-
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matic effects that mostly reduce acceleration demand of the
structure, as witnessed in actual strong motion recordings
by Kim and Stewart (2003), inertial effects - more impor-
tant for taller and more slender structures - add up to that
modification from freefield.

Table 3. Average values and standard deviation of agrm,max
with respect to arrm,max-

AEFM.max / AFFM.max h=5m, /B=1 h=10m, h/B=2

average 0.885 0.904
averagetstdev (reg)  1.008 0.965
average-stdev (reg)  0.762 0.843
stdevave 0.38 0.20

Figures 3 demonstrates the variation of agrm,max /arem,max With
Ty /Tsesi, for squatty and more slender structures, highlight-
ing the important effect of the predominant period of the
strong motion on the response. Evidently, for T, /Tsrsr less
than 1, acceleration motion at foundation is less than at
free-field for most systems and especially for slender struc-
tures (h/B=2). More specifically, for h/B=1, EFM is lower
than FFM in 70% of cases (for h=5m), while for h/B=2 in
87% of cases (for heights h=10m). We could note that
these rates (especially for h/B=2) are in accordance with
design codes that consider the beneficial effect of soil-
foundation-structure interaction. Maximum reduction of EFM
with respect to FFM can be up to 65% for squatty structures
and up to 40% for more slender structures.

On the other hand, for T, /Tsrsr less than 1, there exists an
important 35% of case studies for squatty and 10% for
more slender structures, which reveals that EFM increases,
and interaction can be detrimental for the structure, as de-
scribed in Pandey et al., (2012). This increase of accelera-
tion demand in some cases might reach 50% of free-field
motion. Moreover, it is apparent that if T, is in the region
where inertial interaction effects are concentrated, around
Tsrs;, EFM amplifies with respect to FFM for all structures
(Figures 3). In this period range (T, /Tsesr =1), SFSI is po-
tentially damaging to the structure.

Finally, for predominant record period T, larger than the
system period Tsrsr (Tp /7sest >1), in more than 95% of the
cases (Figures 3) interaction seems to either increase acce-
leration at foundation level, or does not affect it at all
(aEFM,max / aFFM,max = 1)

4 RECORDS FROM SHARE DATABASE

In the framework of the European research project "Seismic
Hazard Harmonization in Europe" (SHARE) (Yenier et al.
2010) a large database of ground motion records from ac-
tual earthquakes has been compiled. We used records from
this database to attempt a validation of the main conclu-
sions of above-mentioned parametric analyses, and more
specifically on the deviation of effective foundation motion
with respect to the free-field because of soil-foundation-
structure interaction.

In the present study, we used version v3.1 (March 2010) of
the database, which was also used in recent studies (Pitila-
kis et al. 2012). It consists of 13500 records from 4711
different earthquakes, covering a vast range of earthquake
magnitudes (2.8<Mw<7.9), epicentral distances (0.46
km<R<561 km), soil profiles where the motion was record-
ed (100 m/s<V,<2400 m/s) and peak ground acceleration
values (0.15 cm/s?’<PGA<1745 cm/s?). In case the record-
ing instrument is within a structure, information exists on
the number of stories and the floor where the recording
device is placed. No specific information is provided on the
exact location of the sensors (i.e. centroid/corner of floor
plan), or on the type of foundation. Based on the available
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information, we isolated pairs of recordings at the ground
floor of structures and at free-field conditions that matched
the following criteria: each pair had to be recorded (a) at
almost same soil conditions (same soil type and shear wave
velocity Vs different up to 5%) and (b) at approximately
same distance from source R (relative difference of distance
from source AR<1km).
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Figure 3. Variation of ratio of maximum acceleration of
EFM to FFM (&germ,max / @remmax ) With respect to the ratio of
the predominant earthquake record period T, to the reso-

nant period of the soil-foundation-structure system, for

structures (a) with slenderness h/B=1 and for height h=5m
and (b) with slenderness h/B=2 and for height h=10m.

Figure 4 shows the peak acceleration values at free-field
and at foundation level, from numerical investigation and
from the actual recordings. Direct comparison is made only
for relatively short structures (h/B=1), as our database
contains recordings at one-floor buildings. Even though re-
sults from numerical analyses cover significant range of
peak acceleration values, a mere 17% of the actual record-
ings fall out of the envelope of the numerical approach.

Nevertheless, significant discrepancies of the order of 50-
100% are noted from the average. Such scatter in actual
recordings suggests that linear regression for recorded ac-
celeration demand might be out of context, while it is not
clear for which cases EFM is amplified or de-amplified from
FFM. This deviation from free-field depends on soil condi-
tions, earthquake dynamic characteristics and distance from
source. In any case, Figure 4 clearly demonstrates that ac-
celeration at foundation level is certainly not equal to acce-
leration at free-field, because of both inertial and kinematic
interaction.
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Figure 4. Variation of acceleration demand at free-field
arrm,max and at ground floor (or foundation) agrm,max between
the numerical (red circles) and the recorded (blue crosses)

response, for squatty structures (h/B=1).

5 CONCLUSIONS

Modification of effective foundation motion from the free-
field due to soil-structure interaction results from the com-
bined action of inertial and kinematic interaction. The so-
called effective foundation motion includes both aforemen-
tioned effects. In literature, inertial interaction tends to be
considered detrimental (increasing foundation motion) and
kinematic interaction beneficial (decreasing foundation mo-
tion) for the structure, with kinematic influence prevailing at
foundation level. From the extensive parametric analyses of
soil-foundation-structure systems, we concluded that in
general effective foundation motion decreases from free-
field by 10%-15% for all structures. Deviation from free-
field response is, however, significant, especially for squatty
structures. In our results, significant discrepancy between
foundation and free-field motion is attested for short struc-
tures founded on soft soil and excited by either strong or
long-pulse earthquake records. Reduction of foundation
motion is more significant for squatty structures than for
slender ones, due to increased foundation damping.

On the other hand, we observed that foundation motion
might as well increase from free-field depending on the
dynamic characteristics of the system. This behavior is
more pronounced for short squatty structures. This obser-
vation is in contrast with recent design guidelines that ac-
count for beneficial effect of interaction. More specifically, in
our analyses of typical systems there is a non-negligible
30% of squatty and a 15% of the more slender structures,
where acceleration demand at foundation increases from
freefield. When the predominant period of the pulse coin-
cides with the predominant period of the soil-foundation-
structure system, resonance might amplify foundation mo-
tion by as much as 50%, depending on the system and
earthquake characteristics. Around this resonant period,
foundation motion increased in more than 90% of cases.

Finally, comparison between numerical and recorded re-
sponse at foundation and free-field clearly demonstrates
that interaction modifies the recorded response at founda-
tion from free-field. However, it is not clear from strong
motion recordings whether interaction will amplify or de-
amplify response at foundation level, contrary to current
state of practice that, in general, accepts de-amplification of
response. Given the continuous improvement of modern
earthquake record arrays and databases, more coherent
and well-correlated data will provide better insight in the
deviation of foundation motion from free-field, towards the
improvement of seismic design guidelines.
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Eurocode 7 and new design challenges using
numerical methods with different soil models

Eurocode 7 et de nouveaux défis de conception
en utilisant des méthodes numériques avec dif-
férents modeéles de sol

G. Katsigiannis, H.F. Schweiger, B. Simpson, P. Ferrei-
ra and R. Fuentes

ABSTRACT According to Eurocode 7, soil strength factoring
can be achieved by applying the material partial factors to
the effective stress parameters ¢’ and ¢’ or to the un-
drained shear strength cu. Thus, in numerical analyses,
material factoring is straightforward for constitutive models
with c¢’, @’ or cu as input parameters. While designers often
use simple elastic-perfectly plastic soil models for ULS
checks, the use of more advanced constitutive models al-
lows real soil behaviour to be simulated more realistically
and can have significant advantages. In this paper, the
feasible use of different soil models for ULS design, increas-
ing in sophistication, such as the Mohr-Coulomb (MC), the
Hardening Soil (HS), the Hardening Small Strain (HSS) and
the Soft Soil (SS) models, is highlighted and better unders-
tood in the context of the EC7 requirements using deep
supported excavation examples in stiff clay. The challenges
of factoring undrained shear strength when using effective
stress model parameters are also discussed and the effect
of the soil model is investigated.

1 INTRODUCTION

While the Finite Element Method (FEM) has been traditional-
ly used in geotechnical engineering to obtain deformations
and check for Serviceability Limit State (SLS), there are still
a number of issues that need further research before the
Ultimate Limit State (ULS) design can be routinely per-
formed with FEM. Simpson (2012) and Simpson & Junai-
deen (2013) give a good review of most of the challenges
associated with the ULS design with FEM. In this paper, the
feasible use of different soil models such as the Mohr-
Coulomb (MC), the Hardening Soil (HS), the Hardening
Small Strain (HSS) and the Soft Soil (SS) models for ULS
design is highlighted and better understood in the context
of the EC7 requirements using deep supported excavation
examples in stiff clay. The challenges of deriving structural
forces using numerical methods and the effect of the soil
model used are addressed. The resulting discrepancies are
highlighted and better understood using a Crossrail station
box case study. The challenges of factoring undrained shear
strength when using effective stress model parameters are
also discussed while the effect of the soil model is again
illustrated by the authors.

2 MATERIAL FACTORING STRATEGIES

EC7 suggests three different Design Approaches (DAs) and
each National Standard Body has chosen which approach is
preferable. DA1, which is adopted in the UK, has two differ-
ent combinations (sets of partial factors). In general, we
could say that DA1-1 and DA2 are Load Factoring Ap-
proaches (LFAs) as the factors are applied to actions or ac-
tion effects while DA1-2 and DA3 are Material Factoring
Approaches (MFAs) as the soil strength parameters have to
be factored. There are two different ways to factor soil
strength in FEM in staged construction problems which have
arisen from the lack of guidance in the code (Katsigiannis et
al, 2014). In Strategy 1, the material parameters are fac-
tored from the beginning so the analysis is performed with
the design values of soil strength. On the other hand, in
Strategy 2, calculations are performed with characteristic
values and at critical stages the material parameters are
reduced to their design values. A good description of the
two strategies has been given by Simpson (2012). Katsi-
giannis et al. (2014) have also discussed the advantages
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and disadvantages of the two strategies which are summa-
rized in Table 1.

Table 1. Advantages and disadvantages of the two material
factoring strategies

Strategy 1 Strategy 2

v Itis straightforward and ~ v* More critical in terms

easy of design structural forces
v" It can be applied in ¥ It can be used in con-

many situations, not only junction with SLS and

in staged construction DAI-I1.

problems

X In some cases it might
yield design structural
forces with inadequate
margins of safety

X It requires many extra
construction stages

X Additional computation-
al effort and time

3 BENCHMARK EXAMPLE

The challenges of deriving design prop forces using FEM and
the effect of the soil model used are addressed for deep
excavation in stiff, highly overconsolidated clay. The geo-
metry of the problem is given in Figure 1.

Variable surcharge 10 kPa

| | l || elevation
VA X Y V¥ Y W om
< Strut 1
L -4m
Stiff clay : Shoe2 ;
-8m
cu=60+8z (kPa)
Eu=1000¢ ‘ R
y=20 kN/m? f -12m
* Strut 4
| -16m
)‘ Strut 5
20m
v 24m
| -315m

Figure 1. Geometry of deep excavation supported by 5
levels of props

3.1 Analysis Description

The computer software PLAXIS V12.01 was used for the
analysis in its two-dimensional version. The analysis was
repeated with different soil models assuming undrained
conditions: the Mohr-Coulomb (MC), Hardening Soil (HS)
and Hardening Small Strain (HSS) models. In all the ana-
lyses, typical stiff highly OC clay total stress parameters
were used which are listed in Tables 2 and 3. The soil stiff-
ness properties for HS and HSS are taken from Schweiger
(2010). The following modelling sequence was analysed (an
overdig of 0.5m is considered):

e Stage 0 Initial state conditions

e Stage 1 Wall installation and 10kPa surcharge

e Stage 2, 4, 6, 8, 10 and 12 Excavation of 4m of soil
e Stage 3, 5, 7, 9 and 11 Install strut

3.2 Results
Factoring soil strength from the beginning (i.e. Strategy 1)

has a very small effect on the calculated prop loads. In
Strategy 2, however, the soil strength is suddenly reduced
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at each excavation stage. Shifting from characteristic to
factored soil strengths has, as result, shown that the lowest
prop receives a higher load increment than the props above
(see Figure 2). At the final excavation stage the load of the
lowest prop increases relative to the characteristic by
17.5%, 25.8% and 32.8% for K, values of 1, 1.2 and 1.5
respectively (only the Ko=1.2 case is presented here). The
increase of the load of the lowest prop is due to the devel-
opment of a plastic zone at the bottom of the excavation
(see Figure 3). The larger the plastic zone is, the larger is
the increase of the prop load when shifting from characte-
ristic to factored strength.

Table 2. Mohr-Coulomb parameters

Total stress parameters

Vear (KN/mM?) 20
cu(kPa) 60+8z
E. (kPa) 1000¢,
Effective stress parameters

¢’ (kPa) 0

9 () 25

v () 0

Table 3. HS and HSS model parameters

Total stress parameters

Ysar (KN/m?) 20
¢y (kPa) 60+8z
Es' (kPa) 30000
Eoed™" (kPa) 30000
E."' (kPa) 100000
power m 0.5
R¢ 09
Pree (kKPa) 100
Giens (kPa) 15
Vi 0.2
Effective stress parameters
¢’ (kPa) 0
9 () 25
v (%) 0
Additional Hardening Small Strain model parameters
Go 150000
Yo 0.0002
Excursion at the final excavation stage

1800

1600
_E 1200
‘_E 1000 L
P
¢ w

wo l— -

200 ——

a 1. 2 3 4 5

| characteristic 134 606 Ba3 1088 1309
| = factored 164 638 875 1106 1647

Figure 2. Prop loads before and after factoring soil strength
in Strategy 2 at the final excavation stage

Figures 4 to 6 show computed prop loads for three different
soil models, increasing in sophistication. In each case, DA1-
1 returns the highest prop loads. For the simplest model
(elastic-Mohr Coulomb), DA1-2 Strategy 1 returns signifi-
cantly lower prop loads. Use of more advanced soil models

such as the HS and HSS Plaxis models can result in much
smaller differences in calculated prop loads from the two
material factoring strategies of DA1-2. The difference be-
tween the two DA1 combinations becomes smaller too.
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Figure 3. Plastic points developed at the final excavation

stage
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Figure 4. Maximum prop loads from different factoring
strategies using MC soil model
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Figure 5. Maximum prop loads from different factoring
strategies using HS soil model

4 CROSSRAIL CASE STUDY

The resulting discrepancies are now highlighted using a
more realistic and deeper excavation based on the Crossrail
Moorgate station box case study. The geometry and con-
struction sequence are related to the proposal made by
Zdravkovic et al. (2005). However, a simplification of the
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geometry was undertaken in order to provide an easier un-
derstanding of the different factoring strategies.

Prop Number
1 2 3 4 5

m—DAl-1
— 412 Strategy 1

DAL-2 Strategy 2

Prop Force kN/m

s \

2000

2500

Figure 6. Maximum prop loads from different factoring
strategies using HSS soil model

4.1 Analysis Description

The computer software PLAXIS EA was used for the analysis
in its 2D version. The Mohr-Coulomb (MC), Hardening Soil
(HS) and Hardening Small Strain (HSS) soil models were
again chosen. The finite element mesh is shown in Figure 7.
The concrete wall is 1.2m thick and is supported by 7 levels
of steel tube props. The total stress soil parameters given in
Tables 2 and 3 were used for the FEM simulations.

Connectivity plot

P L A x I S !L‘fo‘cu‘qnln projoect 14.05 2014

Moorgate project Graz University of Technology
Figure 7. Finite Element mesh
4.2 Results

Factoring soil strength from the beginning (i.e. Strategy 1)
has very little effect on calculated prop loads, which is in
good agreement with findings in the benchmark example.
In general it seems that soil strength is not critical for the
materials and geometry considered. In Strategy 2, shifting
from unfactored to factored strength has shown that the
lowest prop, again, receives a higher load increment. At the
final excavation stage the load of the lowest prop increases
by 21.64%. DA1-1 governs the prop design in all cases
while use of more advanced soil models again results in
much smaller differences in calculated prop loads from the
two material factoring strategies of DA1-2 (Figures 8 to 10).

5 FACTORING UNDRAINED STRENGTH

How the undrained soil strength should be factored is one of
the most common misunderstandings of EC7. In the ana-
lyses presented in this paper in Sections 3 and 4, total
stress conditions were assumed. The undrained shear
strength cu was input, i.e. the analysis was performed in
terms of total stresses, so the software user could simply
apply the partial factor of 1.4 as the code requires. Howev-
er, when undrained analysis is performed with effective
stress parameters, c, is not input but it is the result of the
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soil model used. What is usually overlooked during the de-
sign is that the designer should always check that the calcu-
lated c, profile corresponds to the characteristic one, fac-
tored by a specified sufficient value. While there is still an
ongoing debate, the authors understand that the members
of EG4 (the EC7 Evolution Group working on numerical me-
thods) have agreed on a value of 1.4.

Prop Number
1 2 3 4 5 6 7

g

—DAL-1

g

(1412 Strategy 1
-DAL-2 Strategy 2

Max Prop Force in kN/m
8K
g g

g

§

Figure 8. Maximum prop loads from different factoring
strategies using MC soil model

Prop Number
1 2 3 é 5 [ 7

—DAl-1
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Figure 9. Maximum prop loads from different factoring
strategies using HS soil model

Prop Number
1 2 : ] 4 5 13 7

w—DAL-1

—DA1-2 Strategy 1
—DAl-2 Strategy 2

..-—H—-—-""""--__

Max Prop Force in kNfm

Figure 10. Maximum prop loads from different factoring
strategies using HSS soil model

A series of triaxial undrained compression single element
tests were performed with MC, SS, HS and HSS soil para-
meters at different depths (0.5, 2, 5, 10, 15, 30 and 45m
below ground level) following isotropic consolidation. The
SS parameters are based on the ones used by Schiitz
(2006). A pre-consolidation pressure of 2000kPa is applied
while an underdrained profile is assumed in all cases. It can
be seen in Figure 11 that, for this heavily overconsolidated
clay, the calculated characteristic undrained shear strength
profile from MC, SS and HS triaxial undrained compression
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tests (in effective stresses) are identical and in close
agreement with the assumed c, profile in total stresses.

undrained shear strength in kPa
] 50 100 150 200 250 300 EL 400 450

— total stress characteristic

= = effective stress charactesistic

total stress factored

effective stress factored

4

depth belaw top of stiff chay in m

35
40

45

Figure 11. Characteristic and design undrained shear
strength profiles using total and effective stress MC, HS and
HSS parameters

Also, factoring tang’ by 1.4 produces a set of undrained
strengths equivalent to EC7 requirement where the un-
drained strength is factored by a partial factor y.,,=1.4. The
agreement is not good with HSS model as the stress path is
different (see Figure 12).

120

kP

Figure 12, p-q stress paths using different soil models

Figure 13 gives the value of yiwne for different values of an-
gle of shearing resistance that results in a calculated c, pro-
file equal to the characteristic one, factored by 1.4. The
graph enables the designer to use appropriate values of
Yiang’ When undrained analysis is performed with effective
stress parameters. However, the graph is only correct when
the triaxial stress path is vertical (in this case for the MC,
HS and SS models). It is more difficult to draw general rules
for non-vertical stress paths.

6 CONCLUSIONS

While a broader study is needed, some useful conclusions
can be drawn from the work done in this article:

e Use of more advanced soil models such as the HS and
HSS Plaxis models can result in much smaller differences
in calculated prop loads from the different material factor-
ing strategies for the geometries and materials considered
in this study and for total stress analysis.

e The choice between the two DA1-2 strategies is not im-
portant in practice to DAl so long as the design is go-
verned by DA1-1.
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e When using effective stress parameters for undrained
analysis, the designer should always check that the calcu-
lated cu profile corresponds to the characteristic one, fac-
tored by 1.4 as EC7 requires.

15 20 25 30 35 40

angle of shearing resistance (%)

Figure 13. v for different values of angle of shearing
resistance
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Triaxial testing of saturated lime-treated high
plasticity clay

Essais triaxiaux sur une argile plastique satu-
rée, traitée a la chaux

Z. Kichou, M. Mavroulidou, M. J. Gunn

ABSTRACT The paper investigates the effect of hydrated
lime on shear strength properties and behaviour of satu-
rated, lime treated, high plasticity clay (London Clay). A
number of Unconsolidated Undrained (UU), Consolidated
Drained (CD) and Consolidated Undrained (CU) triaxial tests
were performed to identify the effect of lime dosage, com-
paction water content and curing time on the shear strength
parameters of the soil. The results are presented both in
terms of the Mohr-Coulomb criterion, commonly used by
practicing engineers, as well as through a more modern
interpretation of the behaviour of cemented soils (in this
case the artificially cemented lime-treated soil), in compari-
son with the critical state parameters of the uncemented
(untreated) soil.

1 INTRODUCTION

Lime treatment is a chemical ground improvement method
commonly used in civil engineering applications, in particu-
lar for road construction (subgrade and subbase stabilisa-
tion), and also embankments and foundations. Despite the
widespread use of this technique, most of the results re-
ported in the literature have commonly been obtained
based on simple tests, e.g. CBR (due to the applications of
the technique in highway engineering) and unconfined com-
pression tests in particular. Conversely there is a relative
paucity of results based on more advanced testing such as
triaxial testing, probably due to the duration of these tests,
which makes it difficult to investigate the number of possi-
ble factors that may affect the outcome of the treatment,
when such tests are used. These tests are however required
to provide the parameters for advanced constitutive models
of the mechanical behaviour of the soil.

To address this, the paper investigates the effect of a num-
ber of factors on the engineering properties of a high plas-
ticity clay based on triaxial testing. The factors studied in-
cluded lime amount, curing time and compaction moisture
content of the soil. The results are interpreted both in terms
of the Mohr-Coulomb criterion, commonly used by practic-
ing engineers, as well as through a more modern interpre-
tation of the behaviour of cemented soils (the artificially
cemented lime-treated soil), in comparison with the critical
state parameters of the uncemented (untreated) soil.

2 MATERIALS AND PROCEDURES

The high plasticity clay used in this study was London Clay
from a deep excavation near Westminster Bridge in London.
The soil was air dried for a month and subsequently pulve-
rised. The portion passing through the 425 um sieve was
retained for testing. Particle size distribution showed that
the material contained 53% clay and 45% silt (Zhang
2011). The sulphate content of the soil was found to be
negligible, hence the application of a calcium based stabilis-
er would not incur the risk of formation of expansive crys-
tals (e.g. ettringite), with potential detrimental effects. X-
Ray Diffraction (XRD) analysis showed the predominant clay
mineral to be illite (50% of the clay fraction); montmorillo-
nite, kaolinite and chlorite were also detected at percentag-
es of the clay fraction of 26%, 15% and 9% respectively
(Zhang 2011).

Commercially available hydrated lime was used for this
study. The required lime percentage for this soil was deter-
mined based on the “Initial Consumption of Lime” (ICL) and
“Lime Fixation Point” (LFP) methods. According to pH mea-
surements (Figure 1), the ICL was determined as 3.45%
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(the lime percentage required for a pH of 12.4). The plastic-
ity tests also indicated a LFP of around the same value (Fig-
ure 2). Based on these results, an amount of 4% lime per
dry soil mass was considered to be sufficient for triggering
both cationic exchange and pozzolanic reactions for this
soil. This percentage, as well as a second percentage above
this value (i.e. 6%), were therefore used in the triaxial tests
to assess the effect of the amount of lime.

” N

14— | ICL = 3.45%

y =0.02x +12.377

101 y=1.341x + 7.82

Figure 1. pH variation of lime treated London Clay.
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Figure 1. Plasticity tests on lime treated London Clay

A series of statically compacted cylindrical specimens of 38
mm diameter and 76 mm height were then prepared at the
following water contents: 25% for untreated London clay
(its standard Proctor optimum); 27% for the 4% lime
treated specimens (slightly dry of optimum) and 27% and
32% (corresponding to dry and wet of the Proctor optima
respectively) for the 6% lime treated specimens. Prior to
compaction the treated soil samples mixed with the re-
quired amount of water were left to mellow for one day. For
consistent comparisons, all specimens were statically com-
pacted to the same dry density (1.43 g/cm?).

After compaction the lime-treated specimens were then left
to cure as required, wrapped in cling film and stored in a
humidity controlled cabinet. The curing periods adopted
were: 1, 7, 28, 60, 120 and 250 days for Unconsolidated
Undrained (UU) triaxial testing (performed on the speci-
mens at as compacted state); 7 and 28 days for Consoli-
dated Drained (CD) triaxial tests (sheared following a
q:p'=3 path) and 28 days for Consolidated Undrained (CU)
tests. The CD and CU specimens were saturated using a
back pressure of 400 kPa to achieve B values of 0.99 and
0.95 or more for untreated and lime treated specimens re-
spectively). Prior to shearing these specimens were isotrop-
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ically consolidated to effective confining pressures of 100,
200 and 300 kPa for CD and 158, 250 kPa for CU tests.

3 RESULTS AND DISCUSSION

Figure 3(a)-(b) presents UU test results showing predomi-
nantly the effect of curing time, and also the effects of lime
amount and compaction water content on the peak strength
development of the treated soil. It can be seen (Fig 3(a))
that lime treated specimens showed a brittle behaviour
which became increasingly pronounced with curing time.
From Figure 3(b) it can be noted that for both lime percen-
tages and compaction water contents used, the peak
strength of the lime treated soils was twice as much as that
of the untreated soil as early as after one day of curing. For
the 4% lime treated soil it then remained essentially the
same until very later times when it was observed to in-
crease again substantially to a value almost double than
that achieved in the previous curing time measurements.
The results of specimens treated with 6% lime showed a
similar sharp increase in peak strength at long curing pe-
riods. However as opposed to the 4% lime treated speci-
mens they also showed continuous peak strength gain with
curing time (although at a much slower rate up to 60 days
of curing). The trend of a substantial strength gain at later
curing times after a period without a considerable strength
increase was also shown in Sherwood (1993) for London
Clay treated with 10% lime (due to the different lime per-
centage the strength magnitudes shown in Sherwood were
different to the presented ones but the trends were similar).
This finding is interesting as it contradicts the common be-
lief that, similarly to concrete, most strength gain upon lime
treatment would be achieved within the first 28 days and
that henceforth any strength gain would be very small.
Overall, other than for the first day of curing, the 6% lime
treated specimens developed much higher strengths com-
pared to the 4% lime treated ones, amounting to more than
twice the value of the strength of the latter specimens (see
in particular the later curing time of 250 days in Fig 3(b)).
Finally, concerning the influence of compaction water con-
tent it can be seen that the strength values of the speci-
mens compacted at different water contents were initially
similar but that at later times the specimens with the 32%
compaction water content developed higher strengths than
those with 27% water content, showing the beneficial effect
of water for the progression of long-term chemical reac-
tions. Overall however the effect of the lime percentage was
much more considerable compared to that of the compac-
tion water content (Fig 3(b)).

Figure 4(a)-(b) shows indicative plots of deviator stress
versus axial strain and the corresponding volumetric strain
versus axial strain plots for CD specimens confined at a 200
kPa effective stress. Note that as the UU results showed no
further strength development between 7 and 28 day curing
for the 4% lime percentage, no 28 day curing CD or CU
tests were performed for specimens treated with 4% lime.
The stress-strain plots (Fig 4(a)) showed that lime addition
to the minimum requirement i.e. 4% lime cured for 7 days
caused an increase of 99% in strength compared to that of
the untreated soil. On the other hand all 6% lime treated
specimens showed much higher strengths than those
achieved by the 4% lime treated one, i.e. on average about
170% higher strengths than the latter (amounting to ap-
proximately 430% strength gain, on average, compared to
that of the untreated soil). The latter specimens had a high-
er stiffness (judging from the slope of the initial portion of
the curve) and showed a more brittle response compared to
the 4% lime treated specimen; the peak strengths of these
specimens were reached at axial strains o f 1 .5-2%, after
which a very sharp drop in deviator stress was observed. In
comparison the 4% lime treated specimen achieved its peak
strength at higher axial strains (of 4% or more) and main-
tained these for axial strains up to 6% after which a more
gradual drop in deviator stress (compared to that of the 6%
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lime treated specimens) was noted. All lime treated speci-
mens developed a rupture on a plane.
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Figure 3. UU testing results: (a) typical stress strain
graphs; (b) peak deviatoric stress evolution with curing
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The behaviour of the untreated specimen was consistent
with that of normally consolidated soils, with the stress in-
creasing continuously towards a maximum value, without
any apparent peak and subsequent strain softening. Consis-
tently with these observations, the volumetric strain vs.
axial strain plots (Fig. 4(b)) showed a contractive response
for the untreated soil as opposed to all lime treated speci-
mens showing an initial contraction followed by dilation,
which was particularly pronounced for specimens treated
with 6% lime.

It is interesting to note that the maximum rate of dilation of
all lime treated specimens was reached after the peak
strength, and subsequently decreased as the state of the
soil approached an ultimate condition, where the friction
angle mobilised on the rupture plane corresponds to the
critical state value for untreated specimens (Burland 1990).
This corresponds to the typical behaviour of cemented soils
(Consoli et al. 2001) and soft rocks (Vaughan 1993). The
maximum dilation for the 4% lime treated soil is reached at
higher axial strains compared to the 6% lime treated spe-
cimens. This is consistent with the stress-strain plots show-
ing that the latter specimens reached and maintained their
peak strengths at higher axial strains compared to the 6%
lime treated ones. Regardless of curing time and initial wa-
ter content, the latter specimens showed maximum dilation
points occurring at similar axial strains.

An interesting observation based on Figure 4(a) is that the
7 day treated specimen had a higher strength compared to
that of the corresponding specimen (i.e. identically pre-
pared and compacted) cured for 28 days. This result was
not expected and does not accord with the findings of the
UU tests. It was however consistently observed for all 6%
lime, 7 day cured, specimens compared to the correspond-
ing 28 day cured ones (see also Figures 6 and 7). Although
these findings were consistent throughout the tests, this
point requires further investigation and support from com-
plementary testing (e.g. XRD analysis) for the results to be
conclusive and explained.

Finally, concerning the differences in the 6% lime treated
specimens compacted at wet and dry of optimum water
contents respectively, the specimen compacted dry of opti-
mum was slightly stronger and stiffer; however the differ-
ences in the peak strength were rather small; it is therefore
unlikely that they are of any practical significance.

Figure 5 presents indicative stress paths of CD and CU tests
respectively, for 6% lime treated specimens cured for 28
days. It can be seen that the end points of both types of
test fell on the Critical State Line (CSL) of the untreated
soil. The CD test stress paths corresponded to a compres-
sive failure during the shearing stage, whereas those of the
CU tests to a tensile failure (see the points on the tension
cut off line) due to the pore water pressure increasing up to
a value close to that of the applied cell pressure.

The analyses of all results (including those that were not
presented in detailed stress-strain plots due to space limita-
tions) are presented in Figures 6 and 7 (a) and (b) respec-
tively in terms of Mohr circle plots as well as of q:p' plots of
peak and post-rupture strengths compared to the Critical
State of the untreated soil. Based on these plots the corres-
ponding shear strength parameters of the different speci-
men types were determined and presented in Table 1.

Based on the above two graphs, the considerable peak
strength gains shown earlier in the indicative stress-strain
plots can be clearly observed for all lime treated specimens,
in particular for those treated with 6% lime. The latter plot
much higher than the respective peak values of the 4% lime
treated soil. Analysing the results in terms of Mohr-Coulomb
criterion parameters, the peak strength increase of the 6%
lime treated soil compared to that of the 4% lime treated
soil, is manifested as an increase in both the ¢'peak as well
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as the cohesion intercept c', which could be justified by the
increased cementation bonding when a higher lime amount
was used. Note that for the untreated soil, which showed
behaviour typical of a normally consolidated clay, only the
parameter ¢@'cs could be identified. All specimens cured with
6% lime showed similar ¢'peak values, with the differences
in the peak strengths due to factors other than lime percen-
tage (i.e. curing time and compaction water content) mani-
fested as an increase in the cohesion intercept (as men-
tioned earlier, the highest peak strengths and consequent
cohesion values were observed for the 6% lime, 7 day
cured specimen).
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Figure 6. Mohr circle plots of all CD test results

Concerning the post-rupture strength, it can be seen that
the best fit straight line of the 4% lime treated soil end of
testing strengths (passing through the axis origin) had a
gradient very close to that of the Critical State Line (CSL) of
the untreated soil (0.88 vs. 0.87 respectively). These gra-
dients can thus be considered as identical, given the usual
scatter in the experimental data as well as due to the ambi-
guity involved in the identification of the post-rupture
strength of a brittle soil. On the other hand, the end of test-
ing points of all 6% lime treated specimens (regardless of
other differences in the compaction and curing conditions)
all defined a straight line of the same gradient as the CSL of
the untreated soil, having a non-zero intercept on the g axis
(see Table 1).

4 CONCLUSIONS

A number of triaxial tests were carried out to assess the
effect of lime on the shear strength parameters and beha-
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viour of statically compacted London Clay and lime-treated
London Clay samples respectively. The results showed that
the lime-treated soil became increasingly stiffer, stronger
but also more brittle with the increase in lime percentage.
The volumetric behaviour of lime treated London Clay was
consistent with that of bonded materials, showing a con-
tractive-dilatant response with maximum dilation rates after
the peak stresses, with the breakage of bonds. Lower lime
percentages could thus be recommended to achieve suffi-
ciently high strengths for most common practical applica-
tions while avoiding a very brittle behaviour within the
range of strains of relevance to engineering design. The ini-
tial (compaction) water content was found to have less in-
fluence on the resulting strength characteristics and beha-
viour of the soil compared to the effects of lime percentage.
On the other hand it was found that the curing time and
conditions could greatly influence the soil strength. The lat-
ter point needs further investigation through additional tri-
axial testing, as well as mineralogical and microstructural a-
nalyses.
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Figure 7. q:p' plots of the lime treated soil compared to the
Critical State Line (CSL) of the untreated London C lay: (a)
peak stress envelopes; (b) post-rupture strength envelopes
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Table 1. Shear strength parameters of the tested soils.

Lime Initial Curing o o o
. o peak cs h’l
(%) w.C. tume Ps ) )
0 %) (dil_\"b') (kPa) ™ W]
0 25 N/A 0 N/A 2233 087
Bl 27 7 35 305 2256 088
6 27 7 220 39 2233 0.87
6 27 28 145 39 2233 0.87
6 32 28 181 39 2233  0.87
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Abstract

EPBs and slurry machines are commonly used in urban tun-
nelling projects, since they decrease the displacements in-
duced by tunnel excavation, ensuring high performance in a
wide range of ground conditions, low cover depths and high
ground water pressures. The calculations related with me-
chanized tunnelling (settlements, dimensioning of the tun-
nel lining etc.) are usually carried out by using simplified
approaches, such as 2D numerical analyses, empirical me-
thods etc. However, the simulation of the actual construc-
tion procedure includes high complexity due to the multiple
interfaces, the role of the 3D geometry, the different phases
of the grout and the structural system of the segmental
lining (radial and longitudinal joints).

This paper presents a realistic full 3D simulation of a shield
tunnelling process (EPB or slurry machine) with the finite
element code ABAQUS. The objective of this paper is to
demonstrate the main modeling techniques employed for
the simulation of several key characteristics of the excava-
tion and construction. Indicatively, the main components of
the machine (shield, excavation chamber, cutterhead) are
simulated using solid elements and the gaps due to overcut
and tapered shield are also included in the model via inter-
face elements. The tail void grout is modeled with 3-
dimensional finite elements simulating the grout injection
pressure and the time-dependent hardening. The segmental
lining is modeled with shell elements, considering the coupl-
ing behaviour of the joints between the segments, resulting
to a more realistic distribution of the internal forces and
consequently the dimensioning of the concrete shell.

1. Introduction

The rapid increase of the calculation power and the im-
provement of the analysis software allows the incorporation
of very complex numerical analyses in tunnel design. One of
the main objectives of the designer is to determine the op-
timum balance between the accuracy of the analysis and
the required complexity and consequently the time and cost
of the design. Many tunnelling problems, especially in the
design phase, can be analyzed using simplified approaches
as long as the conditions of the project fit with the assump-
tions of the simplified approach. However, the simulation of
certain problems such as face stability, tunnelling in
squeezing conditions and mechanized tunnelling demands
the development of advanced numerical models.

The main factors that create the complexity of the simula-
tion of the mechanized tunnelling procedure are a) the sig-
nificant role of the 3D geometry (Gens, 1995), b) the gaps
between the shield and the surrounding soil, c) the face
pressure, d) the time-dependent behaviour of the grout
material and e) the structural system of the segmental lin-
ing (radial and longitudinal joints).

The present paper describes the analysis techniques for the
simulation of all the aforesaid elements leading to a realistic
simulation of the mechanized tunnelling procedure. The first
part of the paper focuses on the simulation of the excava-
tion procedure and the second part on the detailed simula-
tion of the segmental lining.

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

2. Simulation of the excavation procedure

In the present paper the numerical analyses have been car-
ried out using Finite Element code ABAQUS assuming linear
geometry. Figure 1 shows a general view of the numerical
model. The dimensions of the model have been determined
via sensitivity analysis balancing the accuracy of the calcu-
lations and the computational cost.

i
i

“III
gl
Bl

Figure 1. General view of the 3D numerical model.

The tunnel excavation diameter is equal to 10m and the
overburden height 15m measured from the tunnel axis. The
face pressure varies linearly over the height according to
the assumed bulk density of the muck of 13kN/m?* (Kasper
and Meschke, 2006; Sitarenios et al., 2015). The respective
reference value in the tunnel axis is equal to 165kPa, i.e.
82.5% of the horizontal geostatic stress (on,) and the injec-
tion pressure of the grout is assumed to be equal to 200kPa
(Table 1).

Table 1. Summary of the main parameters of the nu-
merical analysis.

Geometrical and operational properties

Depth of Tunnel Face . Grout
tunnel axis diameter pressure in pressure
tunnel axis
(m) (m) (kPa) (kPa)
15 10 165 200
Geotechnical properties
E v C (0)) p ko

(MPa) (-) (kPa) (°) (°) ()

40 0.3 30 25 4.2 0.5

The surrounding soil has been simulated using 6-sided, 8-
noded solid elements. The soil behaviour has been assumed
linearly elastic - perfectly plastic following the Mohr-
Coulomb failure criterion. The geotechnical parameters for
these analyses are presented in Table 1.

The segmental lining in this analysis is modelled as a conti-
nuous cylindrical shell neglecting the joints, with width and
thickness of the segmental rings equal to 1.5m and 30cm
respectively. The EPB machine components are modelled in
detail in this analysis (Figure 2). Specifically, the shield has
a typical length of 10.5m and thickness of 10cm. The shield
diameter is designed with a varying diameter in the longitu-
dinal direction with 3cm overcut at the tunnel face and 6cm
tail shield gap at the rear part of the machine (Figure 2-i).
The properties of all the EPB and lining components are
shown in Table 2.
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Figure 2. (i) Indicative sketch for the definition of the over-
cut and tail shield gap (ii) finite elements for the simulation
of the EPB.

Table 2. Properties of the machine and the support
elements.

Material properties

Tail shield gap

Figure 3. Illustration of the overcut (3cm) and shield conici-
ty (tail shield gap of 6cm) by geometrically defining smaller
diameters than the excavation boundary.

tensile stresses is allowed (infinite normal stiffness in com-
pression and zero stiffness in tension). Yet, due to numeri-
cal instabilities that are usually imposed by a “hard” con-
tact, a “softened” exponential contact pressure - over-
closure relationship was selected (Figure 4-i). In that case
the stress transfer initiates when the distance (opening)
between the two surfaces in the normal direction is lower
than ¢, and it becomes equal to po for zero opening. The
normal stiffness of the interface is equal to the slope of the
curve. The values of the parameters ¢, and po have been
calibrated via parametric numerical analyses for simplified
models in the same stress range as the actual model, en-
suring the numerical stability of the model and at the same
time the accurate simulation of the stress transfer. In the
frame of the paper the interaction between the shield and
the surrounding soil is assumed to be frictionless without
any developed shear stiffness between the two surfaces.

Contact
Pressure

co: minimum clearance up to which the
contact pressure is zero

Thickness Elastic  Poisson Unit

Material (cm) Modulus ratio Welghst
(GPa) () (kN/m)
Final lining 30 30 0.3 25.0
Grout (har- 11-15 1 20.0
dened)
TBM machine components

Cutterhead 10 200 78.5
Submerged
wall 10 200 78.5
EPB 0.3
equipment - 1 20.0
TBM Shield 10 200 78.5

Po: pressure at zero clearance

"Hard” contact relationship \

>

The excavation chamber and the EPB equipment are simu-
lated with 6-sided, 8-noded solid elements assuming elastic
response (Figure 2). The main reason for the incorporation
of these elements in the model is the simulation of the
weight of the TBM which influences the displacements in the
bottom of the tunnel especially in case of shallow tunnels.
Moreover, the unit weight of the elements in the excavation
chamber can be adjusted in case of open or closed mode
excavation. It is noted that there is no interaction between
the elements of the excavation chamber and the elements
at the tunnel face since they have different nodes. The
shield, the cutterhead and the submerged wall are simu-
lated using 4-sided, 4-noded elements with elastic beha-
viour. The gap between the shield and the surrounding soil
is created due to the overcut (2cm) of the peripheral cutters
of the cutterhead at the tunnel face and the conicity (6cm)
of the shield as shown in Figures 2 and 3. The interaction
between the shield and the surrounding soil is simulated
using an interface.

The normal stiffness of the shield - soil interaction could be
ideally described by a “hard” pressure - overclosure rela-
tionship (Figure 4-i), i.e. when the two surfaces are in con
tact, full transfer of compressive stresses and no transfer of
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Exponential pressure-overclosure + po
relationship y
- — — ‘
Opening C Overclosure

®

1.5

1.0

0.5

Grout modulus (GPa)

| | | | |
200 400 600 800 1000

® Time (h)

Figure 4. (i) "Hard” contact and “Softened” exponential
pressure - overclosure relationship (Abaqus, 2011) (ii)
time-dependent elastic modulus of the grout according to
Kasper and Meschke (2004).
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Mechanized tunnelling involves many different excavation
and construction stages (lining installation, TBM advance,
grouting, etc.). Thus, analysis steps have a repetitive pat-
tern of substages until the end of the analysis. Figure 5
depicts an indicative representation of a typical step.

e The slice "n" is removed (the dimension of each slice in
the longitudinal direction is equal to the width of a seg-
ment, i.e. 1.50m).

Trapezoidal face pressure is applied to the new face loca-
tion (face of the excavation slice "n+1").

Due to the advance of the machine, the ring "n-7" that
was inside the shield is "left" behind and another ring "n-
6" is activated inside the shield (Figure 5-iii) without any
interaction with the surrounding shield components.

In the cavity between the segmental ring "n-7" and the
surrounding soil the grout elements are activated (the
grout slice "n-7" is depicted in green color in Figure 5-iv.
Initially the grout is a fluid under pressure and it is mod-
elled by increasing the value of its isotropic pressure equal
to the value of the grout pressure (Lambrughi et al.,
2012). The grout material hardens according to Figure 4-
ii. Thus, an advance rate of 18m/day has been assumed
in order to determine the time dependent grout parame-
ters for every analysis step. It is noted that the stiffness
of the grout elements is calculated in the undeformed
configuration, since the numerical analyses performed as-
sume linear geometry and therefore the decrease of the
grout thickness or the pre-convergence ahead of the tun-
nel face due to the soil convergence is not taken into ac-
count.

Figure 6-i depicts the movements of a specific soil reference
node on the tunnel crown as the TBM passes this location
and Figure 6-ii the developed pressure on the shield when
the soil node attaches it (Litsas et al., 2014). It is evident
that due to the relaxation of the advanced core, pre-
displacements are developed ahead of the tunnel face and
furthermore the removal of a ground “slice” de-confines the
surrounding ground which is also translated into an uplift of
the TBM. In the first step after the excavation of the specific
slice the soil and the shield are not in contact and the pres-
sure in the interface is practically zero. In the second step
the interface closes and a rapid increase of the transferred
pressure is evident. The continuous decrease of the applied
pressure on the shield as the excavation advances is a re-
sult of the shield conicity. In the step where the last node of
the shield passes from the reference soil node, the interface
opens again, due to the applied grout pressure in the next
ring. The applied grout pressure pushes upwards the exca-
vation boundary leading to a detachment between the tun-
nel boundary and the shield. This is a procedure that also
allows the numerical calculation of the pressure on the
shield skin, which can be used for the estimation of the ne-
cessary thrust forces for a TBM advance. This tool may be
also valuable in a deep tunnel simulation as well, for the
estimation of the probability of the TBM entrapment.

Useful conclusions can also be drawn by Figure 7, which
shows the contours of ground displacements. It is evident
that the tunnel invert of the model exhibits an uplift due to
the ground de-confinement, while the tunnel crown and the
surface settles as the machine proceeds. This uplift is also a
result of the use of Mohr-Coulomb model for the simulation
of the soil behaviour. Mohr-Coulomb is a linearly elastic -
perfectly plastic model with constant stiffness parameters
for the elastic behaviour and therefore it cannot capture the
non-linear elastic behaviour of soils and rocks, leading to an
overestimation of the upwards movement due to soil exca-
vation. This is more intense in case of shallow excavations
and it must be considered in the calculation of settlements
via numerical analyses. Figure 7-iii shows the developed
plastic deformations, which are mainly concentrated on the
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sides of the tunnel, since ko = 0.50 < 1.0, while the rest of
the model remains elastic. The soil at the tunnel face re-
mains in the elastic region due to the high value of the ap-
plied face pressure.

——— — - “n ——t—

| —i[- + excavation slice

| face of excavation
slice “n+1"

Qe

Figure 5. Indicative illustration of the substages in a typical
analysis step "n”: (i) excavation of slice “*n” (ii) face pres-
sure on the “n+1” (iii) slice activation of the ring "n-6" in

the shield (iv) activation of the “n-7" slice of the grout.

Similarly, Figure 8-i plots the longitudinal settlement profile
of the surface, crown and bottom of the tunnel and Figure
8-ii the evolution of the surface settlements as the excava-
tion advances. The longitudinal settlement profiles reach a
steady-state 10R behind the tunnel face. However, only
slight differences are observed between the settlement
trough of the y/R=5 and y/R=10 behind the tunnel face.
The final surface settlement trough results in an inflection
point value and volume loss value of 1.2R and 1.21% re-
spectively.

3. Simulation of the segmental lining

Typical shield TBM tunnels are supported using precast con-
crete segmental linings. A typical segmental lining ring usu-
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ally consists of five to seven segments and one key-element -40
which is smaller than the others and is installed at the end
to complete and stabilize the ring. The main characteristic _
of a segmental lining is the high degree of jointing. The E -
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-10° and (b) longitudinal joints between the segments of a ring
(Figure 9). Longitudinal joints are created by the contact
between the segments in order to form a segmental ring
@ and they mostly work in compression (Luttikholt, 2007). On
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Figure 6. (i) Position of a specific soil reference node on
tunnel crown and the nodes of the shield in different steps
(ii) applied pressure on the shield and opening of the inter-

face.
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Figure 7. Indicative contour plots from the numerical ana- Figure 9. Detailed illustration of the numerical simulation
lyses in ABAQUS: (i) general view of the vertical displace- of the segmental lining in ABAQUS; the longitudinal and
ments (ii) plan view of the surface settlements (iii) plastic ring joints have been modelled with JOINTC elements

strain in the surrounding soil of the model.
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(Litsas et al., 2015).
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Due to the complexity of the modelling, segmental linings
are usually designed in a simplified way either as a conti-
nuous cylindrical shell, without taking into consideration the
rotational stiffness of the longitudinal and ring joints be-
tween adjacent segments or neglecting the staggered confi-
guration of the longitudinal joints (Figure 9). However, a
realistic simulation of the real behaviour of the joints should
be taken into account within the structural analyses of seg-
mental lining (Do et al., 2013; Klappers et al., 2006).

In this section a set of 3D numerical analyses has been car-
ried out assuming that the tunnel lining is loaded by the
initial geostatic stress field, neglecting the de-confinement
due to the pre-convergence. The segmental lining is mod-
elled combining shell elements (S4) and JOINTC elements,
which are ideal to model joint interactions, e.g. longitudinal
and ring joints. Specifically, JOINTC elements simulate the
interaction between two geometrically coincidental nodes,
representing a joint with internal stiffness so that the
second node of the joint can move and/or rotate with re-
spect to the first node (Abaqus, 2011). The behaviour of
such joints is fully defined by six internal stiffness variables
(3 rotational and 3 translational). However, as depicted in
Figure 9, emphasis is given on the rotational stiffness
around the tunnel axis for the longitudinal joints and on the
shear stiffness for the ring joints. The rotational stiffness of
the longitudinal joint is calculated via 2D analyses assuming
a compressive normal force 2000kN (Litsas et al., 2015).
The resulted rotational stiffness is compared with analytical
solutions (Blom, 2002; Janssen, 1983) in Figure 10-ii giving
a sufficiently good correlation.
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Figure 10. (i) Numerical simulation of the longitudinal joint
behaviour in ABAQUS (ii) plastic strain in the concrete at
the end of the analysis (iii) comparison between numerical
analysis results and analytical solution (Blom, 2002; Jans-
sen, 1983) for the rotational stiffness of the longitudinal
joint (Litsas et al., 2015).
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Three different assumptions have been made for the lining
simulation: a) continuous shell b) simulation of the joints in
a staggered pattern, i.e. rotated joints and c) simulation of
the joints in a non-staggered pattern, i.e. non rotated
joints. Regarding the connection between two successive
rings different approaches may be adopted, such as bolts,
dowels and bicones influencing the shear stiffness and the
interaction between the rings. Furthermore, an experimen-
tal research on the shear stiffness between rings was pre-
sented by Gijsbers and Hordijk (1997) concluding that the
shear stiffness can be assumed constant (linear behaviour)
and it is strongly dependent on the applied normal force.
Therefore, a sensitivity analysis was performed with two
different values for the shear stiffness to investigate the
role of this parameter. The parameters of the analyses are
presented in Table 3.

Table 3. Parameters for the numerical analysis of the
segmental lining.

Parameters Values Units
Overburden height (H/D) B i
(from tunnel axis)
Soil unit weight (y) 20 (kN/m?3)
Elastic modulus of soil (E) 30 (MPa)
Coefficient of lateral earth pressure 0.5 )
(ko)
Tunnel diameter (D) 8 m
Segmental lining thickness (h) 0.5 m
Segmental ring length (b) 1.5 m

Figures 11 and 12 depict the results of the analyses for the
assumption of “higher value” of shear stiffness. Figure 11-i
shows the bending moment envelope and Figure 11-ii the
normal force envelope of the segmental lining. It is evident
that, the assumption of the inline configuration compared to
the case of rotated joints makes the segmental lining sys-
tem more flexible and results in significantly smaller devel-
oped bending moments. The case of rotated joints results to
similar values of maximum and minimum bending moments
with the continuous shell, since the rotation of the joints in
one ring is partially restrained by the connection with the
adjacent rings where the joints are in different positions.
This is also shown in the contour plots in Figure 12. Regard-
ing the normal forces all the approaches lead to similar re-
sults, since they are not influenced significantly by the de-
creased rotational stiffness (Figure 11-ii).

The results of the scenario of “lower” shear stiffness of the
ring joints are shown in Figure 13. The overall stiffness of
the segmental lining decreases by reducing the shear stiff-
ness of the ring joints and consequently the developed
bending moments are generally lower than the first scena-
rio. However, the internal forces of the “non-rotated joints”
case in both scenarios lead to similar results. Since the
overall stiffness of this case follows same pattern in the
longitudinal direction due to the inline configuration of the
longitudinal joints, the change of the shear stiffness of the
ring joints does not influence its response.

4. Conclusions

The present paper describes a set of numerical analyses
techniques for the realistic simulation of mechanized tunnel-
ling, taking into account most of the critical components of
the procedure. Regarding the excavation procedure the
presented approach can provide realistic calculation of the
displacements around the tunnel, the settlements, the pres-
sure applied on the shield and the final load on the tunnel
lining. The results from simplified approaches can only be
assumed realistic in specific cases; for example when the
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total tunnel convergence after the excavation is lower than
the shield overcut. Regarding the simulation of the segmen-
tal lining it is evident that the simulation of the actual confi-
guration of the segments can lead to the optimization of the
lining design.
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Figure 11, Internal forces in the segmental lining assuming
continuous cylindrical shell, rotated and non-rotated joints
configuration (“higher value” of shear stiffness in the ring

joints).
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Figure 12. Contour plots of the bending moments for (i)
continuous shell (ii) rotated and (iii) non-rotated joints
(“higher value” of shear stiffness in the ring joints).
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Figure 13. Internal forces for the segmental lining assum-
ing continuous cylindrical shell, rotated and non-rotated
joints configuration (“lower value” of shear stiffness in the
ring joints).

However, there is space for further improvement of the
simulation in order to capture additional elements of the
tunnelling procedure that may be significant in some cases.
Some characteristic examples are the following:

Implementation of more sophisticated constitutive models
for the simulation of soil/rock behaviour. The main focus in
this direction should be towards models with non-linear
elastic behaviour to decrease the non-realistic development
of upwards displacements induced by Mohr-Coulomb.

Coupled analysis for the simulation of the actual hydraulic
conditions and the distribution of the pore pressures due to
the tunnel advancement.

Assumption of non-linear geometry for the simulation of the
actual stiffness of all the elements in the deformed configu-
ration. The influence of the non-linear geometry is signifi-
cant mainly in deep tunnels and squeezing ground condi-
tions (Vrakas and Anagnostou, 2014).

Remeshing techniques for the simulation of the actual exca-
vation boundaries and the actual stress and strain distribu-
tion. The influence of remeshing is also significant mainly in
squeezing ground conditions.
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(To dpBpo napouciacBnke anod Tov SeUTEPO TWV OUYYPAPE-
wv oto ATC 2015 Arabian Tunnelling Conference & Exhibi-
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tion 2015, 23-25 November 2015, Dubai, Unaited Arab Emi-
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AIAKPIZEI> EAAHNQN
MHXANIKQN

Znavia diakpion EAAnvidag goitiTpiag o€ dia-
Y®OVIOHO TwV HVeHévev EBVavV.

H goitATpia Tou MNMoAuTtexveiou KpATnGg Navria AvOou-
An anéonaoce onpavTikn 31GKPION OE NAyKOOHIo diayw-
VIOHO.

SUpewva pe dnuooieupa Tou ekriti.gr n Navmia AvBoUAn
gival TEAEIOPOITOG TNG ZXOANG APXITEKTOVWV MnXavikwv -
MoAuTexveiou KpATng kai diakpibnke oto diaywvioud yia Tnv
kaAUTepn agioa, nou dlopyavwoav Ta Hvwuéva ‘EOvn, pe
agopun TNV 70n enéteio €EAAEIYNG TWV NUPNVIKWV ONAWV
Kal TV ONAwV Padikng KaTaoTpogn .

AR

J
To B€ua ndvw oTo onoio doUAEWes ATAV KATA TWV MUPNVIK®OV

Kdl To OKiTOO TNG ATaAv anAo kai Katavonto. =To KAouBi Ta
nupnVvikda kair eAeUBEPO TO MOUAI.

(K€pdog online / www.kerdos.gr, 11.03.2016)
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EAANAHNIKEZ KAI
AIEONEIz
FEQTEXNIKEZ ENQZEI2

ISRM

Volume 18 - December 2015 of the ISRM News
Journal is now online

The December 2015 issue of the ISRM News Journal is now
available. With Prof. Hudson’s decision to step down after
eight years as Editor of the News Journal, an associated
modification of the Editorship was required. The new Editors
of the ISRM News Journal are Dr Eda Quadros, ISRM Presi-
dent, and Dr José Muralha.

~x

ISHM Imiermations] Sotiety for Rock Mechasics

This issue of the News Journal includes the ISRM activities
in 2015, a year that saw a new Board being elected and
starting its term of office. You will find information about
the Board and Council meetings, an article by the previous
ISRM President Xia-Ting Feng on the accomplishments of
the 2011-2015 Board, the inaugural address of the current
ISRM President Eda Quadros, a report of the Technical
Oversight Committee on the work done by the Commissions
during the last 4 years, reports of events that took place in
2015 and announcements of futures events, reports of the
Vice Presidents and many other articles of interest for the
rock mechanics fraternity. Two technical articles are pre-
sented: the Mdller Lecture 2015 given by Prof. John Hudson
and the Rocha Medal presentation by Andrea Lisjak Bradley,
winner of the Rocha Medal 2015.

The ISRM News Journal is distributed to all members in
electronic version. We also print a few copies of the News
Journal, which are available at our sponsored sympo-
sia. Click here to read it directly on our website or download
it.
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13th ISRM online lecture by Prof. Peter Kaiser
is now online

For the 12th ISRM Online Lecture the ISRM invited Profes-
sor Peter Kaiser and the title is “Challenges in rock
mass strength determination for the design of under-
ground excavations”. The lecture was broadcast on 15
March and remains available in a_dedicated webpage
(https://www.isrm.net/gca/?id=1104).

Dr. Peter Kaiser is a graduate of the Federal Institute of
Technology in Zurich, Switzerland, and the University of
Alberta in Edmonton, Canada. Since 1987 until his recent
retirement, he was Professor and Chair for Rock Engineer-
ing and Ground Control at the Bharti School of Engineering
of Laurentian University in Sudbury, Canada. In 2000, he
was seconded to the Centre for Excellence in Mining Inno-
vation (CEMI) as Founding Director and then as Director of
the Rio Tinto Centre for Underground Mine Construction
(RTC-UMC). He also holds an Adjunct Professorship at the
University of Waterloo in Canada.

Dr. Kaiser is the author of more than 300 technical and
scientific geomechanics publications. He has received many
awards including, early in his career, the ISRM Schlumberg-
er award in 1993, awards from the Canadian Geotechnical
Society and from the Canadian Institute of Mining. He is a
Fellow of the Engineering Institute of Canada (EIC) and the
Canadian Academy of Engineers and, in 2013, was awarded
the Julian C. Smith Medal of for his "Achievements in the
Development of Canada" and was named the “Tunneller of
the Year” by the Tunnelling Association of Canada. He was
recently selected to present the Sir Allan Muir Wood lecture
at the WTC 2016 in San Francisco on “Ground Support for
the Constructability of Deep Underground Excavations”.

He is a specialist in applied research for underground con-
struction and mining. His interests lie in geomechanics,
mine design, rock engineering and the application of inno-
vative technologies to increase mine safety and productivi-
ty. He brings extensive experience from both the industrial
and academic sectors, having served as consultant to nu-
merous consulting companies, mines, and public agencies.
He has supported contractors, mining companies and public
sector clients during Coroner’s inquests and litigations on
four continents.

Rock Mechanics Principles, an on-line video
course by Professor Jian Zhao available from
the ISRM website

Rock Mechanics Principles, an on-line course by Professor
Jian Zhao, provides an introduction to rock mechanics prin-
ciples including the mechanics of rock materials, rock joints
and rock masses, rock mechanics characterisation and rock
mass classifications. The course is prepared for students
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studying civil and mining engineering, and other science
and engineering disciplines concerning rocks.

ROCK MECHANICS PRINCIPLES

Part 1
Origins of Rocks and Rock Masses

Jian ZHAO A ¥

2 MOMNASH University

The course is an on-line course, with approximately 30
hours of lectures. It covers 5 parts:

1. Origin of rocks and rock masses (online in March 2016);

Properties and mechanics of rock materials (online in
March 2016);

3. Properties and mechanics of rock joints (online in June
2016);

4. Rock mass classifications and properties (online in June
2016);

5. Rock mechanics testing and analysis (to be released
later).

The lectures are given by Professor Jian Zhao, who has
been teaching rock mechanics and rock engineering since
1990, first at Nanyang Technological University of Singa-
pore, then at Ecole Polytechnique Fédérale de Lausanne of
Switzerland, and currently at Monash University in Mel-
bourne of Australia. He is a Fellow of the International So-
ciety for Rock Mechanics since 2015.

Rock Engineering, a sequential on-line course to Rock Me-
chanics Principles given by the same lecturer will be made
available in near future.

Click here to go to the online course webpage in the ISRM
website.

ISRM Suggested Methods videos now on the
website

Based on the cooperation between Prof. Seokwon Jeon from
Seoul National University (South Korea) and the ISRM
Commissions on Testing Methods and on Education, video
films on the ISRM Suggested Methods, which are made for
educational purposes, started being embedded on the web-
site of the Commission on Testing Methods.
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This initiative is an attempt to provide detailed explanations
on the ISRM Suggested Methods. The video films are being
recorded from the experiments conducted in the Rock Me-
chanics and Rock Engineering Laboratory of the Seoul Na-
tional University.

The first video film is on the determination of "Uniaxial
Compressive Strength and Deformability of Rock Materials"
and is now online. New video films on other Suggested Me-
thods will also appear on the website in near future.

Click here to go to the ISRM Suggested Methods videos
webpage.

Public domain rock mechanics research reports

Publicly funded research programmes such as NIOSH in the
USA and SIMRAC (MHSC) in South Africa provide free (or at
a nominal fee) access to research reports and products on
their websites. There must be many more public research
domains in different fields of rock mechanics and in differ-
ent countries. The ISRM would like to create a portal, which
will create awareness about and access to public domain
rock mechanics research. This portal could assist students
and researchers in general. We would like to appeal to all
members to provide information and links to public domain
research websites. Please send information to the ISRM
Secretariat: secretariat@isrm.net.

Digital Library at OnePetro

The ISRM Digital Library makes available to the Rock Me-
chanics community worldwide the materials published in the
ISRM Congresses and sponsored Symposia.

-
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The ISRM Digital Library is part of OnePetro, a large online
library managed by the Society of Petroleum Engi-
neers. Papers from more than thirty ISRM Congresses and
sponsored Symposia are available (click here for an up to
date list) and more are gradually regularly introduced in the
Library.

At the beginning of every year, ISRM individual members
registered on the ISRM website must follow these instruc-
tions to download, at no cost, up to 100 papers from the
ISRM conferences.
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ANAZKOINHzH
FEFTONOTQN
FEQTEXNIKOY
ENAIAG®EPONTO2
2THN EAAAAA

EAAHNIKH

EMNIZTHMONIKH
Eil

FAY

EA IMHXANIKHZ
& FTEQTEXNIKHZ
MHXANIKHZ

10" AGnvaikn AIGAeEn MNewTEXVIKAG MNXavikng

Me peydAn npocéAeuon peAwv TnG EEEEMM kal ouvadéapwv
napouaiacdnke aTig 23 deBpouapiou 2016 otnv AiBouca Te-
AeT®V Tou KTipiou Aloiknong Tou EBvikoU MetooBiou MoAu-
Texveiou aTnv MoAuTexveiounoAn Zwypdgou n 10" ABnvaikn
AIGAEEN MewTeXVIKAG Mnxavikng and Tov Apa Znupo KaBou-
vidn pe 6éua "KATOAIZOHZEIZ >THN EAAAAA. Edago-
Hnxavikn ornv Mpagn".

Tnv 81GAEEN KaBwG Kal TNV Napouciacn Tou OMIANTA anod Tov
npoedpo TnG EEEEMM kabnyntry EMN k. I'. Tkaléta kar Tnv
ano@wvnon and Tov opoTIHO kadnynt EMM k. M. Mapivo
MMopEiTE va TNV NapakoAouBnosTe 0TOV NAPAKATW CUVOEGHO

https://www.youtube.com/watch?v=KI6yi8WIK6¢
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NMPOZEXEIZ>
EKAHAQZEIZ 2THN
EAAAAA TEQTEXNIKOY
ENAIA®EPONTO2

Huepida pe 0épa Tnv FEQupa Toak®vag

Me apopun TNV OAOKARPWON TWV £pYAcIRV KaAl TRV anodoon
oTnVv KukAogopia Tng MEpupag Toakwvag oTtov AUToKIVNTO-
dpopo KopivBou - TpinoAng - KaAapdrag, n Eidiki Ynnpeoia
Anuocinv €pywv KaTaokeung kal SuvTthpnong SuyKoivwvia-
KOV Ynodopwv (EYAE KZZY) diopyavwvel nuepida, Tnv Te-
Taptn 11 Mdiou 2016, pe Bépa: «H MEpupa Toakwvac».

H nuepida Ba diegaxdn oTtnv ABrva, oto Au@IBéaTpo Tou Y-
noupyeiou Ynodouwv, MeTapopwv & AIKTUWV, AvVaoTACEWG
2 kai Tolyavte, MNandyou (dinAa oTn oTacn Tou PETPO "EBVI-
kf Apuva"). AkoAouBei To npdypauua TnNG nuepidag:

09:00-09:15 MNpooeAeuon
09:15-09:30 XaipeTioyoi

09:30-09:45 IoTopikod — Alaxeipion 'Epyou
A. MoAakig, MoA. Mnx. Aieubuvtng EYAE Ka-
TAOKEUNG KAl ZUVTAPNONG SUYKOIVWOVIAK®V Y-
nodopwv

09:45-10:15 H kaTtoAiobnon Toakwvag kal n emAoyn Tng
Auong yépupag
— H kaToAiobnon
2. KaBouvidng, Ap. MoA. Mnx., . NTouvidg,
Ap. TloA. Mnx., A. ZOTNPONouAog, MEwAo-
yoc, EAA®OS AE

— H emloyn Tng AUONG YEQUPAG Kal n avTiye-
TONION TNG KaTtoAioBnong - ANooTpayyioTika
€pya
. NTouvidg, Ap MoA. Mnx., I. ®ikipng, MoA.
Mnyx. MSc., EAADOS AE
M. BAaxoylavvng, MoA. Mnx., ZYSTAZ AE, A.
ApayopdavopiTg, MoA. Mny.

10:15-11:15 Baoika otoixeia axediaocuoU TnG YEPUPAG

— ZUANWN Kkal oxedlaopog, eVAAAAKTIKEG AU-
O€IG, KPITRAPIA €MIAOYNAG ToUu TUMOU TNG YEPU-
pag
3. ZtabonouAog, Ap. MoA. Mnx., N. Kotoa-
vonouAog, MoA. Mnx. MSc., AOMH AE

— ZToIXeia avaiuong, pebodoAoyia aveyepong
K. ZtaBonoulog, Ap. MoA. Mnx., =. BAdaxog,
MoA. Mnx. MSc., M. ©avonouiog, Ap. TMoA.
Mnx., AOMH AE
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— OgueNIWOoEIG
I. ®ikipng, MoA. Mnx. MSc., EAA®OZ AE, 1.
Znupodnoulog Ap. MoA. Mny., AOMH AE

11:15-11:45 AIAAEIMMA

11:45-13.15 KaTtaokeun

— Opydvwaon KaTaokeung
N. NTovdg, MoA. Mny., TEPNA AE

— KaTaokeun oToixeiwv anod okupodeua (Beué-

Aa, Babpa, avtnpida, NPOEVTETAUEVOG POpPE-
ag)
N. Ntovag, MoA. Mnx., I'. Toippnag TMoA.
Mnx., TEPNA AE, K. Zep£poyAou MoA. Mnx.,
I. BaoihonoUAou MoA. Mnyx., OAOTEXNIKH
EMNE

— EpyooTaciakr kataokeur TOEou, KATaoTp®-
HaTog Kal avapTnpwv
N. Ntovdg, MoA. Mnx., N. AAatloyAou, Mnx.
Mnx., H. ZapavTidng, Mnx. Mnx., TEPNA AE,
. ABavdaocoulag, Ax. Martoiolpag, Mnx.
Mnx., EMEK AE, K. Aiapopdrtng, I. Aiapopa-
NG Mnx. Mnx., M. AyyeAdnouAog, Mnx. Mnx.
TE, NIAPOMATHZ AE

— Avéyepon TOEou, apawidwon, eykatdoraon
avapTApwWy Kal KaTaoTpwPaTog, pUBUICEIG
N. NTovdg, MoA. Mnx., N. AAatZoyAou, Mnx.
Mnx., TEPNA AE, . ABavacouAiag, Ax. MNa-
ToloUpag, Mnx. Mnx., EMEK AE

— Ai1adikaoieg GUYKOAANOEWV, MOIOTIKOG €AEY-
X0G
K. Zaxapiadng, Mnx. ZuykoAAnoewv, N.
SKpIvR, Mnx. SuykoAAnoswv, TEPNA AE

13.15-13:30 Npdypapua ouvthipnong / Evopyavwaon

— M. AapivtZakng, Mnx. Mnx., Set Point Tech-
nologies EMNE

13.30-14:15 EPQTHZEIZ - XYZHTHZH

ANAwon OCUPMETOXNG (anapaitntn MeE TOT OTOv apifuo

210.6417502 1| pe nA.ta. otnv nA.0I. nisidr@kssy.gr PEXPI
Tnv MNapaokeury 6 Maiou) oTov JIKTUAKO TOMO TNG MEVIKNG

Ipappateiag Anpocinyv Epywv www.ggde.gr.

MeTa Tnv nuepida ol napoucidoeig Ba avaptnBolv oTov OI-
KTUGKO TOMO TnG levikng Mpappareiag Anpociov ‘Epywv
www.ggde.qgr.

Alopyavwon: EYAE KaTtaokeung & ZuvTnpnong ZuyKolvwvia-
KOV Ynodopwv. TnA: 2106417590, Fax: 2106417502, e-

mail: nisidir@kssy.gr
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TIC NaAaIdTEPEG KATAXWPNOEIG NEPIOTOTEPEG MANPOPOPI-
€C Mnopouv va avalntnBolv oTa nponyoUpheva TeUxXn Tou
«nepI0dIKoU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

GeoAmericas 2016 3™ Panamerican Conference on Geosyn-
thetics, 11 - 14 April 2016, Miami Beach, USA,
www.geoamericas2016.org

International Symposium on Submerged Floating Tunnels
and Underwater Structures (SUFTUS-2016), 20-22 April
2016, Chongqging, China, www.cmct.cn/suftus

World Tunnel Congress 2016 “Uniting the Industry”, April
22-28, 2016, San Francisco, USA, http://www.wtc2016.us

International Symposium "Design of piles in Europe - How
did EC7 change daily practice?", 28-29 April 2016, Leuven,
Belgium, www.etc3.be/symposium2016

7th In-Situ Rock Stress Symposium 2016 - An ISRM Spe-
cialised Conference, 10-12 May 2016, Tampere, Finland,

www.rs2016.org

84th ICOLD Annual Meeting, 15-20 May 2016, Johannes-
burg, South Africa, www.icold2016.0org

Infrastructure Summit 2016, 18 - 19 May 2016, London,
United Kingdom, Ilya.Ryndin@emap.com

2" International Conference on Rock Dynamics and Applica-
tions (RocDyn-2), 18 - 20 May 2016, Suzhou, China
http://rocdyn.or

6™ Annual Underground Infrastructure and Deep Founda-
tions Qatar, 23-24 May 2016, Doha, Qatar, oliv-
er.osea@igpc.ae

13" International Conference Underground Construction
Prague 2016 and 3™ Eastern European Tunnelling Confe-
rence (EETC 2016), 23 to 25 May 2016, Prague, Czech Re-
public, www.ucprague.com

GEOSAFE: 1st International Symposium on Reducing Risks
in Site Investigation, Modelling and Construction for Rock
Engineering - an ISRM Specialized Conference, 25 - 27 May
2016, Xi‘an, China, www.geosafe2016.org/dct/page/1

14" International Conference of the Geological Society of
Greece, 25-27 May, Thessaloniki, Greece, www.ege2016.gr

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

International Mini Symposium Chubu (IMS-Chubu) New
concepts and new developments in soil mechanics and geo-
technical engineering, 26 - 28 May 2016, Nagoya, Aichi,
Japan,
www.jiban.or.jp/index.php?option=com_content&view=artic
le&id=1737:20160526288&catid=16:2008-09-10-05-02-
09&Itemid
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11" HSTA< International Congress on Mechanics - Mini-
Symposium Computational Geomechanics from Micro to
Macro, May 27-30, 2016, Athens, Greece,
http://11hstam.ntua.gr

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

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

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

ISL 2016 12™ International Symposium on Landslides Expe-
rience, Theory, Practice, Napoli, June 12th-19th, 2016,
WWW.isl2016.it

20 MaveAAnvio SZuvedplo EEOPUENG kal EvaAAakTikwv MeB6-
dwv Alaxeipiong AnofAnTwv, 15-16 Iouviou 2016, A6nva,
WWWw.erasmus.gr/microsites/1091

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

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

ICONHIC 2016 Performance-based soil-structure interaction
of lifelines and infrastructure, gerolymos@gmail.com, asex-

tos@civil.auth.gr & a.sextos@bristol.ac.uk

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

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

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

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

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

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

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

The World Multidisciplinary Earth Sciences Symposium-
WMESS 2016, 5-9 September 2016, Prague, Czech Republic
www.mess-earth.org

ACCUUS 2016 15" World Conference Underground Urbani-
sation as a Prerequisite for Sustainable Development, Sep-
tember 12-15, 2016, http://acuus2016.com
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SAHC 2016 - 10th international Conference on
Structural Analysis of Historical Constructions 13-15 Sep-
tember 2016, Leuven, Belgium, www.sahc2016.be

14-1ssmummnm "
T =

e = =

Flexible hydropower and pump storage generation for
a safe renewable electricity system
http://www.wplgroup.com/aci/event/hydropower-

development-europe-2016

ACI's Hydropower Development: Europe 2016 Summit, tak-
ing place on 14-15 September 2016 in Lyon, France will
comprise two days of formal presentations, interactive pan-
el discussions and excellent networking opportunities, pro-
viding an ideal setting to convene with your peers to discuss
both current operational & future planned hydro power
plants, energy markets reform, potential barriers & support
policies as well as project economics & finance.

The two days conference will once again bring together se-
nior executives and experts from: hydro power producers,
regulatory bodies, engineers and researchers as well as
other influential stakeholders to the hydro power industry to
examine strategies & technologies to advance hydro power
development.

The conference will have a heavy focus on case study ex-
amples of hydro power generation projects from leading
plant owners as well as engineering contractors focusing on
feasibility, planning, financing and technological develop-
ments.

Key Topics

e Hydropower of the Future - Adding Storage Capacity &
Optimization to Renewable Integration

e How should Market Design for Hydropower Look under
Uncertainty Surrounding the Legislative Framework?

e The Flexibility of Hydropower: From Strategy to Imple-
mentation

e Asset Management as the key to operations in Hydro-
power

e Sedimentation of Reservoirs: A Significant Threat in Sus-
tainability
Economy vs. Ecology

e An Inside in Hydropower Economics

e What Can Hydropower Operators Do to Efficiently Ad-
vance in Hydropower Development?

e The Role of Pumped Storage in Energy Storage Arena

e Energy Production and Overcoming Barriers in Small Hy-
dro Development

e Highlighting the Innovative Solutions for a Modern Hy-
dropower Industry

Contact

Stergios Zacharakis
+44 (0) 20 3141 0609
szacharakis@acieu.net
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13 Baltic States Geotechnical Conference Historical Expe-
riences and Challenges of Geotechnical Problems in Baltic
Sea Region, 15 - 17 September 2016, Vilnius, Lithuania,
http://www.13bsgc.lt

ACE 2016 12" International Congress on Advances in Civil
Engineering, 21-23 September 2016, Istanbul, Turkey,
http://www.ace2016.0rg

EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,
www.eurogeo6.org

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

5% International Scientific Conference on Industrial and
Hazardous Waste Management, 27 - 30 September 2016,
Chania, Crete, Greece, http://hwm-conferences.tuc.gr

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

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

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

sobre/?lang=en

10" ICOLD European Club Symposium & Exhibition, 25-30
October 2016, Antalya, Turkey, http://trcold.com

NEMO International Conference Probing the Santorini vol-
cano for 150 years / AigBvéc ouvédpio NEMO 150 xpovia
MEAETNG ngaioTeiou Tng =avTopivng, 3-5 November 2016,
Santorini, Greece, http://nemo.conferences.gr

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

RARE 2016 Recent Advances in Rock Engineering
16-18 November 2016, Bangalore, India, www.rare2016.in

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

International Symposium on Submerged Floating Tunnels
and Underwater Tunnel Structures (SUFTUS-2016), 16—18
December 2016, Chongqing, China, www.cmct.cn/suftus

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 12 - 17 February 2017, Cape Town, South Africa,
WWW.Saimm.co.za/saimm-events/upcoming-events

(C- 4R -0)
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Water Storage and Hydropower Development
for Africa
14-16 March 2017, Marrakech, Morocco
www.hydropower-dams.com/AFRICA-
2017.php?c id=89

Aqua~Media International, in partnership with the Interna-
tional Commission on Large Dams, and with the strong sup-
port of the Government of Morocco, is pleased to reconvene
the next regional conference for Africa, AFRICA 2017, which
will take place in Marrakech. This follows the unfortunate
need to postpone AFRICA 2015, at the time of the tragic
ebola outbreak, on the advice of various relevant authori-
ties.

In view of the postponement of the 2015 event, we pro-
duced a special publication for Africa, also working in colla-
boration with the African Union and ICOLD. This has been
widely disseminated, and proceeds from advertising in the
publication were donated to Médecins Sans Frontieres, the
organization which played the greatest role in bringing the
ebola outbreak under control.

The first conference in this series, AFRICA 2013, took place
in Addis Ababa, when practical aspects of advancing hydro-
power and water resources development in Africa were dis-
cussed by more than 600 participants from 67 countries.
The conference brought together utility CEOs, officers of
UNECA, leading experts from the IFIs, Presidents, Vice-
Presidents and Secretaries of the water- and energy-related
professional associations, eminent engineering consultants,
researchers, leading contractors and equipment suppliers.

Outcomes made a practical contribution to the Programme
for Infrastructure Development in Africa. A Final Declaration
was widely disseminated globally.

Themes

¢ Potential and planned developments in Africa

o African multipurpose water storage including hydropower,
irrigation, water supply, navigation and fisheries

e Quantifying and qualifying the benefits of water infra-
structure

e African small dams for irrigation

¢ Role of storage in river basin management for sustainable
development

¢ The role of risk mitigation in making hydro more competi-
tive

e Concession agreements and construction contracts

¢ Finance options including resource mobilization and the
Africa 50 fund

e Implementation and review of dam safety legislation in
Africa

e Monitoring the safety of dams, gates and powerplants

e Public safety around dams

e Dam engineering: design and construction

¢ Institutions and institutional arrangements

e Case studies from the ‘Water Towers’: the Congo Basin,
the Ethiopian Highlands, the Fouta Djallon and the Leso-
tho Highlands

o Effects of climate change in Africa: adaptation and mitiga-
tion

¢ Flood control

¢ The role of hydro in African regional developmente Update
on the PIDA Energy Priority Action Plan

e Pumped storage; hydro in synergy with other renewable

e Hydro's role in electrical system stability in Africa
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e Small hydro in Africa

e Rural electrification in Africa

e Hydro machinery: research and operational issues and,
practical examples of innovative low cost technologies

e Environmental and social aspects of African schemes, in-
cluding water conservation and transfer, and social chal-
lenges of transboundary projects

¢ Reservoir sedimentation mitigation

e Operation, maintenance and rehabilitation challenges;
obstacles and solutions

In addition to plenary and parallel sessions exploring the
themes above, there will be focused workshops and panel
discussions on topics such as project finance, regional co-
operation and progress with the Programme for Infrastruc-
ture Development in Africa, including Grand Inga and other
large regional hydro projects.

For more information please contact:

Mrs Margaret Bourke, Conference Project Manager, Aqua~
Media International, PO Box 285, Wallington, Surrey SM6
6AN, UK.

Tel: +44 20 8773 7244 Fax: + 44 20 8773 7255.

Email: mb@hydropower-dams.com
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World Tunnel Congress 2017 Surface challenges - Under-
ground solutions, 9 to 16 June 2017, Bergen, Norway,
www.wtc2017.no

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

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

Earthquake Geotechnical Engineering

July 16 - 19, 2017, Vancouver, Canada
http: bdiiivancouver.com

It is our pleasure to invite you to participate in the 3™ In-
ternational Conference on Performance-based Design
in Earthquake Geotechnical Engineering (PBD-III) in
Vancouver, BC, Canada, from July 16-19, 2017. The PBD-
III Conference is organized under the auspices of the In-
ternational Society of Soil Mechanics and Geotechnical En-
gineering - Technical Committee TC203 on Geotechnical
Earthquake Engineering and Associated Problems (ISSMGE-
TC203). The PBD-I and PBD-II events in Japan (2009) and
Italy (2012), respectively, were highly successful events for
the international geotechnical earthquake engineering
community. The PBD events have been excellent compa-
nions to the International Conference on Earthquake Geo-
technical Engineering (ICEGE) series that TC203 has held in
Japan (1995), Portugal (1999), USA (2004), Greece (2007),
Chile (2011), and New Zealand (2015).
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Come join an international community of geo-professionals
working to share and advance performance-based design
practices for geotechnical earthquake engineering across a
broad range of civil infrastructure problems. The coverage
will be diverse, including case histories and practice-orient-
ed papers, recent research findings, innovative technolo-
gies, and the emerging arts from across the world. An in-
ternational mix professional engineers, researchers, special-
ty contractors, educators, and students will interact across
a broad range of keynote and theme lectures, technical
sessions, short courses, panel discussions, and field trips.

Everyone involved with PBD-III is excited to be hosting
this international event and is looking forward to seeing you
in Vancouver. The exciting technical and social programs we
have planned are only possible though the hard work and
dedication of many individuals, including all the conference
committee members, local organizing committee members,
and TC203 members. Together, we all look forward to a
rewarding experience interacting with our international
friends and fellow geo-professionals.

Conference Program

PBD-III Vancouver will bring together an international
community of geo-professionals working to share and ad-
vance performance-based design practices for geotechnical
earthquake engineering across a broad range of civil infra-
structure problems. An international mix professional engi-
neers, researchers, specialty contractors, educators, and
students will interact across a broad range of keynote and
theme lectures, technical sessions, short courses, panel
discussions, and field trips.

Sunday, July 16 will feature short courses during the day
and the opening reception in the evening.

Monday, July 17 through Wednesday, July 19 will include all
keynote and theme lectures, concurrent technical sessions,
and panel discussions. The concurrent sessions, in combina-
tion with the envisioned nine keynote/theme lectures and
three panel discussions, are expected to cover the wide
range of topics listed under the Conference Themes on the
Call for Submissions page. One of the evenings will include
a “local color” night for mixing with new and old, local and
international, friends and colleagues at an off-site venue,
while other evenings will provide opportunities to sample
the lively night life of exciting downtown Vancouver. Details
on the program and keynote/theme lectures will be provid-
ed early in 2016.

Thursday, July 20 will feature a technical tour, enhanced by
the natural beauty of Vancouver and its surrounding areas.
Details of the technical tour will be provided in the fall of
2016.

Technical Themes

The theme of PBD-III Vancouver 2017 encompass all
aspects of performance based design in earthquake geo-
technical engineering. The coverage will be diverse, cover-
ing a broad range of civil infrastructure problems and in-
cluding case histories and practice-oriented papers, recent
research findings, innovative technologies, and the emerg-
ing arts.

Technical sessions will include oral and poster presentations
of individual papers, panel discussions on emerging issues,
and mini-symposia on international practices. Individuals
interested in proposing a panel discussion or mini-sympo-
sium may contact conference co-chair R. W. Boulanger di-
rectly.

Researchers and practitioners are invited to submit ab-
stracts describing case histories, emerging design practices,
new technologies, or recent research findings in the follow-
ing topic areas:
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® Seismic hazard assessments

e Retaining structures and mechanically stabilized soils

e Port facilities and wharves

e Offshore structures - wind farms, oil and gas facilities

e Bridges

e Lifelines - pipelines, communications, and transportation
systems

e Underground structures

e Soil-structure interaction

e Ground improvement techniques

e Landfills

e Education

e Resiliency - emergency response, land use planning, and
recovery

e Foundations - deep or shallow

e Slope stability

e Mine stability

e Ground motions and site effects

e Site characterization with in-site and laboratory testing

e Physical modeling - centrifuge, shaking table, or field
scale
Numerical analyses - dynamic or simplified
Performance based design methodologies - probabilistic
frameworks

e Performance based design - codes and guidance

e Sustainability and life cycle cost analyses

e Liquefaction

e (Cyclic softening in clays and plastic silts

e Challenging soils - tailings, calcareous soils, gravels

e Embankments, levees, or dams

e Multi-hazard considerations - hurricane, tsunami, flood,
sea-level rise

Contact Us

If you have questions about PBD-III Vancouver, please feel
free to contact one of the following individuals:

Ross Boulanger
Co-chair, PBD-III Vancouver Organizing Committee

chair@pbdiiivancouver.com

Dharma Wijewickreme
Co-chair, PBD-III Vancouver Organizing Committee
chair@pbdiiivancouver.com

Wayne Gibson
Conference Manager

info@pbdiiivancouver.com

Lisa McJunkin
Conference Administrator
admin@pbdiiivancouver.com

¢/o Gibson Group Management Inc.
8828 Pigott Rd

Richmond, BC, V7A 2C4 Canada
(604) 241-1297

(604) 241-1399 (fax)
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19" International Conference on Soil Mechanics and Geo-
technical Engineering, 17 - 22 September 2017, Seoul, Ko-
rea, www.icsmge2017.org
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BCRRA 2017 Tenth International Conference on the Bearing
Capacity of Roads, Railways and Airfields, 28th to 30th June
2017, Athens, Greece, www.bcrra2017.com

GeoAfrica 2017

3rd African Regional Conference on Geosynthetics
9 - 13 October 2017, Morocco

11" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul South Korea
csyoo@skku.edu
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10th Asian Rock mechanics Symposium -
ARMS10
October 2018, Singapore

Prof. Yingxin Zhou

Address:

1 Liang Seah Street

#02-11 Liang Seah Place
SINGAPORE 189022
Telephone: (+65) 637 65363
Fax: (+65) 627 35754
E-mail: zyingxin@dsta.gov.sg

AFTES International Congress
"The value is Underground”
13-16 November 2017, Paris, France
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WTC 2018
Dubai

World Tunnel Congress 2018
20-26 April 2018, Dubai, United Arab Emirates
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EUROCK 2018
22-26 May 2018, Saint Petersburg, Russia

Contact Person: Prof. Vladimir Trushko
Address: 21-st line V.0., 2

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

Fax: +7 (812) 328 86 76

E-mail: trushko@spmi.ru
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UNSAT2018 The 7' International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,
www.unsat2018.org
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11th International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul, South Korea
csyoo@skku.edu

O3 D

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

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

Telephone: (+65) 637 65363

Fax: (+65) 627 35754

E-mail: zyingxin@dsta.gov.sg
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14th ISRM International Congress
2019, Foz de Iguagu, Brazil

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

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

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

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

Such events also provide an opportunity to draw the atten-
tion of others outside the field of geotechnical engineering
to the importance of what we are doing, particularly to
those who, directly or indirectly, rely on our services, know-
ledge and experience. Investment in quality geotechnical
work is required for successful and safe design, construction
and operation of any infrastructure. Geotechnical engineer-
ing is the key to a safe and sustainable infrastructure and of
importance for the society, economy and the environment.
This must be emphasized and reported upon.
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Living with Shrink-Swell Soils:
A what-to-do pamphlet for home-owners,
prepared by ASCE Geo-Institute

T

2
o

The Shallow Foundation Technical Committee of the
ASCE Geo-Institute released in February one page
pamphlet for homeowners whose house is construct-
ed on expansive soils.

The pamphlet was written for the broad public, because
according to the committee Chair, Daniel J. Rich, there is
quite a bit of conflicting information on the Internet about
how houses built on shrink/swell soil react to changes in the
soil moisture content and what can be done to minimize the
damage.

When it comes to expansive soils, it is all about the mois-
ture content of the soil, its fluctuation and where water
goes. The pamphlet has a cool table of possible problems
and action items to reduce the impact on one’s structure.

View the pamphlet here
http://www.geoengineer.org/LivingWithShrinkSwellSoils.pdf

(GeoEngineer, Tuesday, 01 March 2016)

Ai100nTRpPag BapuTnTag KAVEl aKTIvoypa®ia oTo
un£dagog

Mia ouOKeun Ot PEYEBOG YPAUKUATOONOU, IKavr va JETPA a-
neipoeAaxIoTeg HETABOAEG oTnV €vTacn Tou BapuTikoU nedi-
ou TnG 'ng, 6a pnopolos va xpnoigonoin®si yia va svronilel
MEYAAEC JOMEG OTO UMEdAPOG, and KOITAoHATA MOAUTIHWV
METAAAWV PEXP! TOUVEA yia anodpAoelG KPATOUHEVMV.

H dUvapn Tng BaputnTag dev eival akpiBwg ion ge dAo Tov
KOOMO -n &vTacn TNg ot £€va onolodrnnoTe onUEio TNG ENPa-
VEIaG Tou NAavATn €€apTaTal Kupiwg and Tnv andoracn Tou
onueiou autoU and To KEVTPO TNG NG, ennpealeTal OPWG Kal
and TNV nukvoTNTA TWV NETPWHATWY TOU UNEdAPOUC.
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ZTnv kapdid TNG OUOKEUNG KpUBREeTal éva Bapudi and nupiTio
Bdapoug 21 mg (Mnyn: Giles Hammond)

O1 dlakupavoelc auTeg ival €EaIpeTIKA MIKPEG Kal Pnopouv
va peTpnBolv povo pe eEeIdIKeuEva Opyava nou ovoualov-
Tal BaputoueTpa. Ta Opyava autd HPETPoUV E€iTE TO XPOVO
nou Xpelaleral £va avTIKEIYEVO Yia va NECEl KATd PIa OUYKE-
KpIMEvn anooTaon (n TaxUTNTa NTwoNnG au&averal o6Tav n Ba-
pUTNTa Yivel 10XupdTEPN) €iTE TO PMAKOG £vOC eAaTtnpiou and
To onoio €xel avapTnOsi €éva PBapidl (To EAATPIO TEVTWVETAI
nepIoaoTepo OTav n duvaun TnG BaplTnTag HEYAA®VE).

Ta kaAUTepa anod Ta onuepiva BapuTOUETpa, €MICNMAIVEL O
JIKTUAKOG TOMOGC Tou neplodikoU Science, &xouv MEyeBOC
gnaTapiag autokIvhATou Kal kooTiCouv navw and 100.000 su-
pw.

To véo BapuTouETPO, avTiBeTa, sival Mikpo kal Juyilel AiyoTe-
po anod noUNouAo. STO KEVTPO TOU (PEPEI €va WIKPOOKOMIKO
Bapidl ano nupiTio, BApoug 25 XIAIOOT®V ToU ypaupapiou, To
onoio ouvdEsTal O MId NAAKA MUPITIOU PECW TPIWV dUOKAW-
NTWV IVOV PE MAXOG 5 HIKPOUETPA n kabepia. O1 TPeIg iveg
AeiToupyoUv oucIaoTIKG G EAATAPIO Kal EMITPENOUV OTO
KEVTPIKO Bapidl va aveBokaTePaivel kaBwg To BaApuTIKO nedio
yeTaBaiAleral.

H ouokeun, n onoia avanTuxBnke oTo MavenioTrpio TnG MAa-
oKwBNG, gival TOoo akpIBNC WOTE YNopei va PHETPA PETABOAEC
KAaTa éva WPEPOG ava dloekaToppUplo -peTaBoAn nou Ba av-
TIOTOIXOUOE O aU&non TOU UWOMETPOU Katd WOAIC 3 XIAIO-
oTa.

Xdpn To HIKpO HEYEDOG KAl KOOTOG, TO Hivi BapuTopeTpo Ba
Jnopouaos va xpnoigonoinBei oe drone yia evagpieg MEAETEG
TOU unedd®oug, ava®epouv ol dNUIoUPYOi TNG OTO MEPIODIKO
Nature.

Ol NPAKTIKEC EPAPHOYEC TNG VEAG TexVoAoyiag gival duvnTika
NOAAEG Kal ONUAVTIKEG: Ol YEwAOyol Ba pnopouoav va ava-
{nTolv KolTaopaTa YETAAAWV 1 akopa va napakoAouBolv Tn
por Tou paypartog katw and ngaioteia. ©a pnopoucav ako-
Ma va evtonifouv Kpuppéva annAala, Bappéveg apxaldTnTeG,
akopa kai va unoAoyifouv Ta evanopeivavrta anobeparta o€
KoITdopaTa neTpelaiou.

Kal av n aotuvopia evdiapepBei va evTAgel To BAPUTOUETPO
0TO 0NMA0CTACIO TNG, Ol KpaToUuevol nou oxedialouv va ano-
dpdacouv and TouveA Ba avTigeTwnilouv YEYAAUTEPO PiOKO.

(BayyeAng MpaTikdkng / Newsroom AOA, 31 Map. 2016,
http://news.in.gr/science-
technology/article/?aid=1500068460)
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This river kills everything that falls into it

Legend or fact? A young explorer traveled deep into a
remote jungle to find out.

With maximum temperatures of over 200 degrees Fahren-

heit, the Boiling River is not quite at boiling point, but it's

hot enough to poach your egg—and kill anything that falls
into it.

It sounds like a Jules Verne tale: a boiling river that seems
to flow from the center of the earth and kills anything that
falls into it. Andrés Ruzo, a National Geographic Young Ex-
plorer, first heard about it from his Peruvian grandfather.
When Ruzo became a geophysicist, he decided to investi-
gate whether this story could be true—and whether science
could explain it. In “The Boiling River: Adventure and Dis-
covery in the Amazon”, he travels deep into the Peruvian
jungle to unravel the mystery.

I first heard the story of the Boiling River as a boy in Lima
from my grandfather as part of a legend of a lost city of
gold in the Amazon. Much later, when I was working on my
PhD in geophysics, I started looking at this detail from a
scientific viewpoint. The focus of my dissertation was to
create the first detailed heat flow map of Peru in order to
identify areas of potential geothermal energy.

The Boiling River is in the central Peruvian Amazon, in the
middle of low jungle. From Lima it's about an hour flight to
the city of Pucallpa, the largest city in the central Peruvian
Amazon. From Pucallpa, it was a two-hour drive mostly on
red dirt roads to the Pachitea river, a tributary of the Ama-
zon over 300 meters wide. From there, we took a peke-
peke, or motorized canoe, upriver for about 30 minutes to
the mouth of the Boiling River. It's called a peke-peke be-
cause the motor goes pekepekepekepekepeke.

As we approached the confluence of the two rivers, the
shaman's apprentice, who was at the prow, said “Stick your
hand in”! So we put our hands into the cold waters of
the Pachitea. As the boat glided into this olive-green plume
that was the mouth of the Boiling River, immediately the
temperature went up. But there was no steam and the tem-
perature was only like hot bath water.

What's curious about the river is that it actually starts off as
a cold stream, heats up, then cools back down slightly at
night. It goes from roughly 27 degrees Celsius to about 94
degrees Celsius at its hottest. There are also very hot

springs, which inject water into the river to produce this
amazing feature.

The total river system is about 9 kilometers (5.5 miles), but
it is the 6.24 kilometers (3.8 miles) on the lower part of the
river that are hot. Most of that flow, particularly during the
dry season, is hot enough to kill you. Small mammals, rep-
tiles, or amphibians regularly fall in and are boiled alive.
One of the things I love about being there is that it forces
you to be extremely intentional with every step, because
there can be really serious consequences if you do fall in.

T
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According to local traditions, the Boiling River is a place of
tremendous spiritual power. Here, a shaman plays a song to
the Spirit of the Vapor, which he believes "carries the pray-

ers of the rocks, jungle, and all creation to their Creator."

When I first got to the river, my biggest concern was
whether it was natural or not. To create a large geothermal
system like this, you need three things: a tremendous
source of heat, a large volume of water, and a plumbing
system that will take this hot water from depth all the way
up to the surface.

One of the hypotheses was that this was a volcanic feature,
a magmatic system that the scientists had missed. It could
also have been a non-volcanic feature, i.e. hot water flow-
ing out of the earth at an anomalously high rate. The dee-
per we go into the earth the hotter it gets. That's called the
geothermal gradient. At these temperatures the water
would have to be coming up from pretty deep down and
at very fast rates.

One hypothesis about the origins of the Boiling River is that
a company drilling for gas accidentally ruptured a geother-
mal system, as happened in 2007 in Lusi, Indonesia. The
resulting mud flow (above) covered an area twice the size
of Central Park and displaced 40,000 people.
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The final theory, which was really the scary one for me, was
that this place was not natural at all but the result of an oil
field accident. The river is only 2-3 kilometers from the old-
est active oil field in the Peruvian Amazon. If there was an
oil and gas flow that only produces hot water but no hydro-
carbons or gas, they might just have abandoned it. Another
possibility is that an oil and gas flow accidentally drills into a
geothermal system. The biggest and most frightening ex-
ample of this was the Lusi mud volcano on Java. Over
40,000 people have been displaced and the thing's still
erupting.

But, in fact, the Boiling River is a natural feature: a non-
volcanic, geothermal feature flowing at anomalously high
rates.

(Simon Worrall/NATIONAL GEOHRAPHIC, Sun Mar 13, 2016
http://news.nationalgeographic.com/2016/03/160313-
boiling-river-amazon-geothermal-science-conservation-
ngbooktalk)
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HUIOUVOETIKO UAIKO
«Alapavo EUA0>» yia pwTEIVOUG TOiXoug
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To diapavo EUAO UNOOoXETal £va MNI0 PWTEIVO PHEAAOV

Ma va Kavouv To oniTl N0 PWTEIVO, 0l JIAKOOKNTEG XPNOIHO-
noloUV avoIxXTa XpWHaTa, KaBpENTeC Kal TPIK OTO (PWTIOUO.
'OAa opwe Ba ATav anAolaoTepa av ol Toixol NTav diagavol.

AuTO iowg Ba punopouaoe va yivel oTo eyyUg JEAAOV xapn oTo
«dl1apavo EUAo» nou dnUIoUPYRBNKE OE EpyacTnpIo TNG Zou-
ndiag Pe XNUIKN KATEpyaaoia Tou QpuaikoU EUAou.

MpoogpaTeg €EeAifeic nou enéTpewav Tnv napaywyn diagpa-
voUg XapTioU KIVATOMOIiNoav To eviIaQEPOV TWV EPEUVNTOV
yla TNV avanTtu&n napopoiwV aAAd nio avOeKTIKOV UAIK®OV.

O Aapg MnépYKAOUVT Kal oI CUVEPYATEG ToU OTO BaciAiko Iv-
oTITOUTO TexvoAoyiag TNG STokXOAWN neipauartiotnkav We 1o
EUANO Tou JévTpou unaia, €va onoyywdesg, eAa@pl Kai pa-
Aako EUAo nou xpnoiyonolgiTal HeTa&u dAAwv og oavideg Tou
OEQ KAl ApPXITEKTOVIKEG HAKETEG.

e npwTn ®aon, To EUA0 UNoBANBNKe o XNUIKA eneEepyaacia
yla Tnv agaipeon TnG Alyvitng, €vog dopikoU MoAupEPOUG
nou xapilel oTaBepoTnTa 0TOo EUAO AAAG anoppo®a To 80 pe
95 TOIG EKATO TOU PWTOG Nou NEPTEI NAVW TOU.

To UAIKO nou npoékuye dev NTav diapavo aAAa donpo €nn-
on diabAolice To WG avTi va nepacesl kateuBeiav and peéoa
Tou. MNa va yivel mo didagavo, To UAkd unoBAnBnke og pia
delTepn XNMIKA KATEpyacoia KaTtd TNV onoia evowpaTtwenke
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oTNV ENIPAVEIA TOU TO AKPUAIKO UAIKO MoU YVWPIJoUME WG
Plexiglass.

To TeAikd npoiov dev €ival anoAuTa dIA(avo oav To YUdAi,
npooeEpel OPWG dinAdaacia avroxn and To Plexiglass kal oUp-
(PWVA PE TOUG EPEUVNTEG €ival KATAAANAO yia xpnon wg ol-
KOJOMIKO UAIKO.

EninAgov, To diapavo EUAo Ba pnopoUce va avTikaTaoToEl
TO yuaAi ota pwToROATAIKA ndaveA, dedopévou OTI nayidevel
€va HUEPOG TOU PWTOG nou OEXeTAl Kal Ba pnopouoe €Tal va
au&noel Tnv anddoon.

Enopevog oTdxoc TnNG opdadag sival va neEipapaTioTsi Kal Pe
aAAa €idn EUAou kal va au&noel nepaiTépw Tn dIAPAveEId TOU
UAIKoU.

Av TO VEO Mpoidv anodeixBei 0IKOVOUIKA BIMCIKNO KAl NPAKTI-
KO, ol Toixol Tou PEAAOVTOG Ba pnopouocav va naifouv Kai
pOAO QeyyiTn.

H peAérn dnuooislieTal oTnv eniBewpnon Biomacromolecules
(http://pubs.acs.org/doi/abs/10.1021/acs.biomac.6b00145)

(BayyéAng MpaTikdkng / Newsroom AOA, 31 Map. 2016,
http://news.in.gr/science-
technology/article/?aid=1500068399)

Optically Transparent Wood from a Nanoporous Cellu-
losic Template: Combining Functional and Structural
Performance

Yuanyuan Li*, Qiliang Fu*, Shun Yu*, Min Yans$,
and Lars Berglund®+

*Wallenberg Wood Science Center, Department of Fiber and

Polymer Technology, and $School of Information and Com-

munication Technology, KTH Royal Institute of Technology,
SE-10044 Stockholm, Sweden

Abstract

Optically transparent wood (TW) with transmittance as high
as 85% and haze of 71% was obtained using a delignified
nanoporous wood template. The template was prepared by
removing the light-absorbing lignin component, creating na-
noporosity in the wood cell wall. Transparent wood was pre-
pared by successful impregnation of lumen and the nano-
scale cellulose fiber network in the cell wall with refractive-
index-matched prepolymerized methyl methacrylate (MMA).
During the process, the hierarchical wood structure was
preserved. Optical properties of TW are tunable by changing
the cellulose volume fraction. The synergy between wood
and PMMA was observed for mechanical properties.
Lightweight and strong transparent wood is a potential can-
didate for lightweight low-cost, light-transmitting buildings
and transparent solar cell windows.
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Zaha Hadid, Groundbreaking Architect, Dies at
65

Dame Zaha Hadid, the Iragi-born British architect whose
soaring structures left a mark on skylines and imaginations
around the world and in the process reshaped architecture
for the modern age, died in Miami on Thursday. She was 65

She was not just a rock star and a designer of spectacles.
She also liberated architectural geometry, giving it a whole
new expressive identity. Geometry became, in her hands, a
vehicle for unprecedented and eye-popping new spaces but
also for emotional ambiguity. Her buildings elevated uncer-
tainty to an art, conveyed in the odd ways one entered and
moved through those buildings and in the questions her
structures raised about how they were supported.

Her work, with its formal fluidity — also implying mobility,
speed, freedom — spoke to a worldview widely shared by a
younger generation. “I am non-European, I don’t do con-
ventional work and I am a woman,” she once told an inter-
viewer. “On the one hand all of these things together make
it easier — but on the other hand it is very difficult.”

Strikingly, Ms. Hadid never allowed herself or her work to
be pigeonholed by her background or her gender. Architec-
ture was architecture: it had its own reasoning and trajecto-
ry. And she was one of a kind, a path breaker. In 2004, she
became the first woman to win the Pritzker Prize, architec-
ture’s Nobel; the first, on her own, to be awarded the RIBA
Gold Medal, Britain’s top architectural award, in 2015.

Inevitably, she stirred nearly as much controversy as she
won admiration, provoking protests from human rights ad-
vocates when her $250 million cultural center in Baku,
Azerbaijan, forced the eviction of families from the site. A
commission to design a stadium in Qatar — a sensuous plan
that more than a few observers likened to female anatomy
— became, in truth unfairly, a lightning rod for critics who
decry the treatment of foreign laborers by the government
there. She sued for defamation one critic who falsely re-
ported that 1,000 workers had died building her stadium —
before construction had even begun. She won a settlement
and an apology.

Zaha Hadid was born in Baghdad on Oct. 31, 1950. She
attended a Catholic school where students spoke French,
and Muslims and Jews were welcome. After that, she stu-
died mathematics at the American University in Beirut (she
would later say her years in Lebanon were the happiest of
her life).
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Then, in 1972, she arrived at the Architectural Association
in London, a center for experimental design. Her teachers
included Elia Zenghelis and Rem Koolhaas. They “ignited my
ambition,” she would recall, and “taught me to trust even
my strangest intuitions.”

Ms. Hadid’s concept was a jagged, gravity-defying composi-
tion of beams and floating shards cantilevered into the rock
face. It encapsulated the 1980s movement called Decon-
structivism. During these years Ms. Hadid turned out an
astonishing, super-refined variety of futuristic drawings and
paintings. She used her art to test spatial ideas that she
couldn’t yet make concrete without the aid of computer
algorithms. She soon developed an insiders’ reputation as a
leading theoretical designer of groundbreaking forms with
unrealized projects like the Cardiff Bay opera house in
Wales.

In 1994, she realized her first commission, a fire station on
the corporate campus of Vitra, a furniture company, in Weil
am Rhein, Germany. It inspired a design of typically out-
sized imagination: a winged composition, all sharp angles
and protrusions. Architects were impressed. The firefight-
ers, not so much. They moved out, and the station became
an event space.

A fire station Ms. Hadid designed in Weil am Rhein Germany

Not one to compromise or concede much to those who
called her works impractical, indulgent and imprudent, from
early on she made the most, creatively speaking, of what
commissions she got. When her Rosenthal Center for Con-
temporary Art in Cincinnati, a relatively modest project,
opened in 2003, Herbert Muschamp, then architecture critic
for The New York Times, declared it “the most important
American building to be completed since the end of the Cold
War.”
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Projects followed, like the Phaeno Science Center in
Wolfsburg, Germany; the Bridge Pavilion in Zaragoza,
Spain; and an opera house in Guangzhou, China, whose
rock crystal-shaped design she likened to “pebbles in a
stream smoothed by erosion.”
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The Guangzhou Opera House in Guangzhou, China.

Her sources were nature, history, whatever she thought
useful. Ms. Hadid’s design for the Maxxi, a modern art mu-
seum in Rome, alluded distantly to Baroque precedents,
and became one of the rare modern buildings in the city to
vie for attention with its numerous historical sites. Like the
fire station it wasn't entirely practical, but it was a volup-
tuous and muscular building, multi-tiered, with ramps that
flowed like streams and floors tilted like hills, many walls
swerving and swooning.

The towering lobby inside Maxxi Art Museum, Rome, 2009

It took years before Ms. Hadid won major commissions in
Britain, where she became a citizen and established a thriv-
ing office. Her Aquatics Center in London, built for the 2012
Olympics, was a cathedral for water sports, with an undu-
lating roof and two 50-meter pools. It has become a city
landmark and neighborhood attraction, bustling with kids
and recreational swimmers.
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Ms. Hadid’s Serpentine Sackler Gallery in London.

Ms. Hadid embodied, in its profligacy and promise, the era
of so-called starchitects, who roamed the planet in pursuit
of their own creative genius, offering miracles, occasionally
delivering. “She was bigger than life, a force of nature,” as
Amale Andraos, the dean of Columbia University’s architec-
ture school, put it on Thursday. “She was a pioneer.”

She was. For women, for what cities can aspire to build and
for the art of architecture.

(Michael Kimmelman / The New York Times, March 31,
2016)

Heydar Aliyev Center, Azerbaijan, 2013
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Al Wakrah Stadium, Qatar, in progress
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@ International Society for Rock Mechanig

ISRM

No. 33 - March 2016
www.isrm.net/adm/newsletter/ver html.php?id ne
wsletter=123&ver=1

KukAo@opnoe To TeUXoG ap. 33. MapTiou 2016 Tou NEW-
SLETTER Tng ISRM pe Ta akodAouba nepiexdpeva:

e 2016 ISRM International Symposium - EUROCK 2016,
29-31 August, in Cappadocia, Turkey

e ARMS9, Bali, Indonesia, 18-20 October 2016

e 13th ISRM online lecture by Prof. Peter Kaiser

e Stravos Bandis 1951-2016

e Volume 18 - December 2015 of the ISRM News Journal
is now online

e New ISRM National Group of Malaysia

e Rock Mechanics Principles, an on-line video course by
Professor Jian Zhao

e [SRM Suggested Methods videos now on the website

e ISRM Online Rock Mechanics Glossary: Norwegian and
French now available

e Public domain rock mechanics research reports

e Digital Library at OnePetro

e ISRM Board meeting and ISRM Workshop in Zagreb,
Croatia, 3-4 March 2016

e 2017 ISRM International Symposium - AfriRock 2017 2-
7 October, in Cape Town, South Africa

e Rock Stress 2016, 10-12 May, Tampere, Finland, an
ISRM Specialised Conference

e RockDyn-2, 18-20 May 2016, Suzhou, China, an ISRM
Specialised Conference

e Geosafe 2016, 25-27 May, Xi'an, China, an ISRM Spe-
cialised Conference

e US Rock Mechanics/Geomechanics Symposium program
comes together

e 2nd ISCSR, 28-30 September, Cartagena de Indias,
Colombia, an ISRM Specialised Conference

e VIII SBMR, 19-22 October 2016, Belo Horizonte, Brazil,
an ISRM Specialised Conference

e RARE-2016, 16-18 November, Bengaluru, India, an
ISRM Specialised Conference

e ISRM Sponsored Meetings
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www.geoengineer.org

KukAogpopnoe To Telxog #132 Tou Newsletter Tou Geo-
engineer.org (MapTiou 2016) pe NOAAEG XPHOIMEG MANPO-
Qopieg yia OAa Ta B€uaTa TNG YEWHNXAVIKAG. Ynev-BupileTal
o1l To Newsletter ekdideTar and Tov ouvdadeA@o Kal PEAOG
Tng EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

(C- 4R -0)

IGS NIBWS i8s

http:/ /files.ctctcdn.com/15018a1b201/7f2364d2-
7223-4203-bc7b-7e9bdeelc77f.pdf

KukAo@opnoe To Teuxog 1 Tou Topou 32, Twv IGS NEWS pe
Ta NapakaTw nepiexopeva:

General Information for IGS Members

e Election for IGS Council: Term 2016 to 2020

e Obituary Late Professor Fukuoka, Masami, Founding
Member of IGS

e Memories of Professor Masami Fukuoka

Technical Committees IGS-TC

e IGS TC-B Activities Report
e IGS TC-H Activities Report 2016-02

Announcements of Regional Conferences of IGS
e GeoAmericas 2016 3rd Pan-American Congress on Geo-

synthetics

e EuroGeo6 6th European Regional Conference on Geo-
synthetics

e GeoAsiab 6th Asian Regional Conference on Geosynthet-
ics

Announcements of Conferences under the Auspices of
IGS

e 3rd International Conference on Transportation Geo-
technics (3rd ICTG 2016)
e Geotechnical Frontiers 2017

News from the IGS Chapters and the Membership

e News from the Australasian IGS Chapter (ACIGS)

e GEOS PERU 2015 - 3rd National Conference on Geosyn-
thetics

e 24th Geotechnical Conference of Torino (CGT 2016)

e International Seminar on Natural Disaster Mitigation
with Geosynthetics and other Advanced Methods

e 15th Asian Regional Conference on Soil Mechanics and
Geotechnical Engineering (15ARC)

¢ New German Recommendation for Geosynthetics in
Earthworks for Road Constructions

e Proceedings of FS-KGEO 2015

TA NEA THZ EEEEI'M - Ap. 88 - MAPTIOZ 2016
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e Serviceability of geogrid reinforced base course layers -
Lars Vollmert received the PhD for his contribution

List of IGS Chapters
Official Journals of the IGS

e Geosynthetics International
e Geotextiles & Geomembranes

Corporate Membership

e Case studies - use the chance!

e Midshore I Landfill Exposed Geomembrane Cover, Eas-
ton, MD, USA

e Corporate Members of the IGS

IGS News Publisher, Editor and Chapter Correspon-
dents

IGS Council
IGS Officers
IGS Membership Application

Calendar of Events

GEOSYNTHETICS

e
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Content of Volume: 22, Issue: 6 (December 2015)

Best Geosynthetics International Paper for 2014, R. J. Ba-
thurst

Method to increase seam efficiency for woven geotextile
materials, W. Guo, J. Chu, B. Zhou

Numerical studies on the performance of hybrid-
geosynthetic-reinforced soil slopes subjected to rainfall, D.
Bhattacherjee, B. V. S. Viswanadham

Full-scale load test and finite-element analysis of soft
ground improved by geotextile-encased granular columns,
I. Hosseinpour, M. S. S. Almeida, M. Riccio

Evaluation of a calculation method for embankments rein-
forced with geocells over soft soils using finite-element
analysis, J. O. Avesani Neto, B. S. Bueno, M. M. Futai

The application of water-absorbing geocomposites to sup-
port plant growth on slopes, K. Lejcu$, J. Dabrowska, D.
Garlikowski, M. Spitalniak

Infiltration into unsaturated reinforced slopes with nonwo-
ven geotextile drains sandwiched in sand layers, J. N. Thuo,
K. H. Yang, C. C. Huang

Note of Appreciation to Paper Reviewers

Content of Volume: 23, Issue: 1 (February 2016)

Ultimate bearing capacity of saturated reinforced horizontal
ground, C.-C. Huang

Slope stabilisation using EPS block geofoam with internal
drainage system, O. Akay
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An analytical solution for contaminant extraction in a radial
flow field using PVD-enhanced system, H.-Y. Wang, X.-W.
Tang, Q. Tang, Y. Wang, P.-L. Gan

Behaviour of anchored geosynthetic-reinforced slopes sub-
jected to seepage in a geotechnical centrifuge, A. Raja-bian,
B. V. S. Viswanadham

Monitoring and numerical modelling of an instrumented
mechanically stabilised earth wall, N. Cristelo, C. Félix, M. L.
Lopes, M. Dias

Interface shear properties of geosynthetics and construction
and demolition waste from large-scale direct shear tests, C.
S. Vieira, P. M. Pereira

Please find the download of the articles at:
http://www.icevirtuallibrary.com/content/issue/gein/22/6
For the IGS members to have FREE access to the papers
they MUST log in through the IGS website.

Ceotextiles
i and
Ceonenbranes

-
5& n K Aowe
Scncallivecs

Content of Volume 44, issue 1 (February 2016)

Numerical and physical modeling of geofoam barriers as
protection against effects of surface blast on underground
tunnels, Anirban De, Alberto N. Morgante, Thomas F. Zim-
mie

Model tests on geotextile-encased granular columns under
1-g and undrained conditions, Yung-Shan Hong, Cho-Sen
Wu, Yi-Sheng Yu

Road surface permanent deformations with a shallowly bu-
ried steel-reinforced high-density polyethylene pipe un-der
cyclic loading, Zhigang Cao, Jie Han, Changjie Xu, Deep K.
Khatri, Ryan Corey, Yuangiang Cai

Mitigating the bridge end bump problem: A case study of a
new approach slab system with geosynthetic reinforced soil
foundation, Qiming Chen, Murad Abu-Farsakh

Transient hydraulic behavior of two GMBs-GCLs composite
liners, H. Bannour, N. Touze-Foltz, P. Pierson

Application of EPS geofoam in attenuating ground vibrations
during vibratory pile driving, D.S. Liyanapathirana, S.D.
Ekanayake

Experimental and numerical studies of the performance of
the new reinforcement system under pull-out conditions, M.
Mosallanezhad, S.H. Sadat Taghavi, N. Hataf, M.C. Alfaro

Experimental study on performance of geosynthetic-
reinforced soil model walls on rigid foundations subjected to
static footing loading, Chengzhi Xiao, Jie Han, Zhen Zhang

Performance evaluation of geogrid reinforced soil walls with
marginal backfills through centrifuge model tests, S. Bala-
krishnan, B.V.S. Viswanadham

Evaluation of permanent deformation of geogrid reinforced
asphalt concrete using dynamic creep test, Sina Mirza-pour
Mounes, Mohamed Rehan Karim, Ali Khodaii, Mohamad Hadi
Almasi
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Electrical resistance method for assessing spatial variation
of water content in geosynthetics clay liners at laborato-ry
scale, Hossam M. Abuel-Naga, Abdelmalek Bouazza

Vertical-drain consolidation using stone columns: An analyt-
ical solution with an impeded drainage boundary under mul-
ti-ramp loading, G.H. Lei, C.W. Fu, C.W.W. Ng

Content of Volume 44, issue 2 (April 2016)

Three-dimensional reinforced slopes: Evaluation of required
reinforcement strength and embedment length using limit
analysis, Yufeng Gao, Shangchuan Yang, Fei Zhang, Ben
Leshchinsky

Modelling of deformable structures in the general frame-
work of the discrete element method, Anna Effeindzourou,
Bruno Chareyre, Klaus Thoeni, Anna Giacomini, Frangois
Kneib

Tensile force of geogrids embedded in pile-supported rein-
forced embankment: A full-scale experimental study, R.P.
Chen, Y.W. Wang, X.W. Ye, X.C. Bian, X.P. Dong

Microgrid inclusions to increase the strength and stiffness of
sand, Ben Leshchinsky, T. Matthew Evans, Jordan Vesper

Statistical-experimental study of geosynthetics performance
on reflection cracking phenomenon, Fereidoon Moghadas
Nejad, Saeid Asadi, Shahab Fallah, Morteza Vadood

Centrifuge evaluation of the time-dependent behavior of
geotextile-reinforced soil walls, Carina Maia Lins Costa,
Jorge Gabriel Zornberg, Benedito de Souza Bueno, Yuri Da-
niel Jatoba Costa

Study of a small scale tyre-reinforced embankment, Lihua
Li, Henglin Xiao, Pedro Ferreira, Xilin Cui

Numerical and field test verifications for the deformation
behavior of geotextile tubes considering 1D and areal
strain, Hyeong-Joo Kim, Myoung-Soo Won, Jay C. Jamin,
Jeong-Hoon Joo

Please find the download of the articles at:
http://www.sciencedirect.com/science/journal/02661144
For IGS members to have FREE access to the G&G journal
articles they MUST log in through the IGS website.

ITA NEWS O SKI%UEWS

The ITA@NEWS #59 - March 2016
www.ita-aites.org

ITA

INTERNATIONAL TUNNELLING
AND UNDERGROUND SPACE
ASSOCIATION

Message from S@REN DEGN ESKESEN, ITA President
WTC 2016 is in one month

ITA WGs and Committees Publications

At WTC a Workshop on BIM will be organized

At WTC ITAtech session will deal with Internet of Things
(IoT)

ITACUS ‘THINK DEEP’ SESSION

ITA Tunnelling Awards 2016 registration is open.

A successful first training session by video-conference
Saudi Arabia hosts a training session on landslides and tun-
nels
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13th International Conference Underground Construction &
EETC, 23-25th May 2016, Prague

1st National Congress on Tunnelling and Underground
Space & Roads, Bridges and Tunnels Fair, 26-28 May 2016,
Ankara, Turkey

TBM Applications II, Bergen, Norway from 6th to 7th June
2016.

8th Nordic Grouting Symposium, 26-27 September 2016,
Oslo, Norway
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpoedpog

A’ AvTINpoedpog

B’ AvTinpdedpog

Fevikog Mpapparteéag:

Tapiag

'Eqopog

MEAN

AvanAnpwuariko

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

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

MixdAng NMAXAKHZ, MoAiTikdg Mnxavikog
mpax46@otenet.gr

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

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

Mowpyog MNEAOKAZ, Ap. MoAImikdg Mnxavikodg, Enikoupog KadnynTrg TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

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

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

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

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

15780 ZQrPA®0OY

IoTtoocAida www.hssmge.org (Unod Kataokeun)

«TA NEA THZ EEEEMM» EkddOTNnG: XpnoTtog ToaTtoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-JI. ctsatsanifos@pangaea.gr,

editor@hssmage.gr, info@pangaea.gr

«TA NEA THX EEEEMM>» «avapT®vTal» Kal oTnv 10ToogAida www.hssmge.gr
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