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fpoBi1a oT1o oTopayxl: NMooa xavel n
EAANGSa amo 1o Brain Drain 1oV veéev

ITOIXEIQ OOK YIQ TO TTPAYHATIKO KOOTOG ToL Brain drain amo
TNV EAANGSa Ppépvel OTO PG TNG SNUOCIOTNTAG N £PELVA TOL
N KEPSOOKOTTIKOL OpyavIouoL OTAPIENG TNG ETTIXEIPNUATIKO-
TNTag, Endeavor Greece.

TNV ETTipaxn €pevva KataypdgeTal N MEooTIBEUevn aia kal
TA POPOAOYIKA £006A TTOL SNUIOLPYOLY OTIC XWEES LTTOSO-
XNG ol EAANVEG TTOL EpuyaV YIa TO eEDTEQIKO KATA TN SIApKEIa
NG Kpiong (2008-2016).

YOUPWVA PE OTOIXEIQ ATTO TIG XWPEES LTTOSOXNG KAl EYXWPIES
EPELVEG, N EKTIUAMEVN PLYN AVOPWTTIVOL KEPAAQIOL ATTO TOV
lavovdpio 2008 uexpl onuepa eivar Peta&d 350.000 (ekTipnon
Endeavor) kai 427.000 (ektipnon TTE).

Baoel vmoloyiouwy TNV Endeavor, o vBpwTTol auToi, KLPI-
WG AVATELNG/AVATATNG EKTTAISELONG, CLVEICPEPOLY ETNTIWG
€12,9 610. 010 AEIM TRV X0pPwV LTTOSOXNG (KLEIWS Mepuavia
Kal AyyAia) kal €9,1 8ic. g QOPOAOYIKG £€006Q, €K TV O-
oIV €7,9 810. o pOPOLG EI00SNUATOG KAl EI0POPES Kal €1,2
S10. oe OMA. ABpoioTika, amd 1o 2008 péxP! Kal onuERQA, Ol

‘EAANVEG TOL brain drain éxouv TTapaydyel TTEPICCOTEQA ATTO

€50 8610. AET OTIG VEEG «TTATPISEG) TOLG.

Eival evliapépov oTolIxeio OTI TO TTOCO TTOL £xel SATTAVATEl TO
EAMNVIKO KOATOG YIa TNV eKTTAIGELON TV AVOPMTIWV ALTWYV
vTToAoyileTal oTa €8 Sio.

(ovvéxela otnv oeAida 3)
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Eival evTunwolako OTI onuepa, METa&u OAwv Twv eEaydpue-
VWV «NpoidVTwV» TNG Xwpag, To avlpwnivo duvapikd KaTe-
XEl TNV npwTtn 6¢on ot a&ia pe €12,9 dig. AkoAouBoUv Ta
npoiovta nerpeAaiou (€7,2 310.), Ta npoiovrta aloupiviou
(€1,3 di0.), Ta @dapuaka (€0,7 dio.), To eAaidAado (€0,5
310.), Ta wapia, ol €NIEC, TA NPOIOVTA Kanvou, Ta NANPoQo-
pIOKG OUCTAMATA KAl Td TUPOKOWIKA npoiovTa pe €0,4 dio.,
To BapBdki kar Ta poddakiva (€0,3 di0.). MpoPavwg, Evw OTIG
€Eaywy£EG NPOIOVTWY, TO NAPAYOHUEVO EI00dNKA CUYKEVTPW-
veTal oTnv EAAGda, n dpaotnpidtnTa Twv EAARVWV Tou €Ew-
TepIkoU w@QeAEl kaTd KUpIo AOYO Kal Bpaxu/Ueco-npoBeoua
TIG XWPEG UNOdOXNG.

Eival xapakTnpioTikd OTI nepioodTepol epyaldpevol (49%)
napd davepyol (43%) esmBupolv va @Uyouv and Tn Xwpa
avalnTwvTag kaAUTepeg gukaipieg €EENIENG kal éva oTaBepo-
TePOo nepIBAAAov.

H Siappony TaAévtou anoTeAei onuavTikd npdBAnua vyia Tig
€TAIPEIEC OTN XWPA ME €MITUXNMEVN Mopeia Kal MPOONTIKA
avanTuEng kKabwg €xouv avaykn yid KaTapTIOUEVO MPoowni-
KO aAAa avTigeTwnilouv au&avouevn duokoAia va KkpaTtnoouv
Ta TaAévra otnv EAAGda i va Toug dWooUV KivnTpa yia va
ENICTPEYOUV.

O1 Baaoikoi Adyol €ival Kupiwg To uwnAd pn HICBOAOYIKO KOO-
TOG nou oupniglel NePICOOTEPO TOug RSN XaunAoug Wioboug,
N anoucia MPOONTIKAG €NAYYEAUATIKNG €EEANIENG aAAG kal n
anouacia gupUTepou avanTu§lakou nAdvou, BeTIkoU «agnyn-
HaToG» Kal MPOONTIKNG O €MiNedo Xwpac.

MakponpoBeopa, To avBpwnivo duvapiko nou GeUyel and Tn
XWPa HMopei va pepel Niow TEXVOYVWoia Kal KAIVOTOUEG 10€-
£C Kal va BonBnaoel atnv €EEAIEN TNG eyxwpIag ayopdg.

MNa va yivel autd npénel va avaoTpa®ouyv ol aITieg peTavao-
TEUONG TOUG Kal va doBei n duvatdtnTa va anoppo@ndolv oc
uyleic eTaipeieg pe uwnAoUg pubuoUcg avanTuéng n va dnuio-
UpYNOOUV JIKEG TOUG ETAIPEIEG Aglonoi®VTAg TNV gUneipia kai
TIC YVWOEIG NOU anékTnoav d1ebvag.

http://www.tribune.gr/greece/news/article/267096/grothia-
sto-stomachi-posa-chani-i-ellada-apo-to-brain-drain-ton-
neon.html

ZEB: AUo 510. EUP® TO XPOVO XAVEI TO KPATOG aANO T
HETAVAOTEUON TOV EAARVOV

H anoxwpnor Toug and Tnv eyxwpla ayopd epyaciag €xel
0dnynoel o€ ETACIA ANWAEId POPWV Kal EIGPOPWYV 2 JIG EUPW
TO £€TOG yid TO €AAnVIkd KPATOG, MOCO MOU AVTIOTOIXEI OTa
2/3 nepinou Tou EN®IA nou BeBaiwveral r oto 20% Twv
€10QOPWV Nou €IoNpaTTel To IKA.

'Onwg avagéperal oto gBOSopadiaio deATio Tou ZEB yia Tnv
eAANVIKA olkovopia, n EAAGda €xel To uwnAdTEPO MOCOOTO
epyalopévwy nou €xouv unepPBAAAouasg deEIOTNTEC OE OXEDN
JE auTEC mou anaitei n epyacia Toug (28% avTi 10% yia Tov
M.0. Tou OOZA) evw To 41,4% (avTi 39,6% otov OOZA)
gpyaleTal o AAAO aVTIKEIYEVO anod auTo nou onoudace.

Tnv idla wpa wWOTOCO €va acuvhBioTa -0 OXEoN HE AAAEG
XWPEG- HEYAAO PEPOC TOU evAAIKOU NANBucopoU otnv EAAGda
(PaiveTAl va OTEPEITAl ONUAVTIKOV O£EIOTATWY KATavonong
KEINEVWV (26,5%), pabnuaTtikwv evvolwyv, (28,5%) kal nAn-
poPOPIKNG (47,9%). «MpoPBAAAel, ouvenm®wg, and apKETEC
NAEUPEG N €IkOVA MIAg olkovopiag nou dev eknaideUel Toug
epyalopevoug oTig 8e€I0TNTEG Nou anaiTei n ayopd epyaaciag:
napoAo nou enevOUeTal XpAMA Kal XpOvog, n eknaideuon
auTn dev odnyei oc 101aiTepa auinueveg de€16TATEC. Mia TE-
Tola ayopd epyaciag nou a&lohoyei TUNIKG NpocovTa Kai oOxl
TIC MPAYHATIKEC IKAVOTNTEG, €ival oupBaTth WE HIa olkovouia
nou @aiveral va aduvaTtei va JeTappacel TNV eknaideucon o€
auénuévn NapaywyikoTnTa, aTOMIKA Kal CUAAOYIKA®», avape-
pel o ZEB.

«To eAANVIKO €knaIdeuTIKO ouoTnUa eEakoAoubei va npoo-
(PEPEI, KAl N ayopd €pyaciac va avraueiBel, Tunikda, kair oxi
ouUCIaaTIKA, NMPoooOVTa», NPoaBETel, ouvdEéovTag To BEua e
TO TPiTO KUMA PeTavaoTeuong and Tnv EAAGda, spyalopevmv
ouvnBwWG UWNANRG €EIdikeuong Kal AuEnuevwy SeEIOTATWVY.

YnevBupiletal 6TI Nnpdo@atn WeAETN TN Tpanelag TnG EAAG-
00G kaTtaypd®el 0TI AOYw TNG KPIionG €XOUV HETAVACTEUCEI
427.000 €AAnvec nou eival atopa uwnAng Eeidikeuong, oe
avTifeon pe Ta dUo nponyoupeva KUPATA PHETAVACTEUONG TNG
nepiodou 1903-17 kar 1960.

Mnyn: ZEB: AUo d10. EUp® TO XPOVO XAVEI TO KPATOC Ao TN
UETAVAOTEUON TWV EAAAVWV |
iefimerida.grhttp://www.iefimerida.gr/news/278155/sev-
dyo-dis-eyro-hrono-hanei-kratos-apo-ti-metanasteysi-ton-
ellinon#ixzz4FJgQFXnj
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Opéotng Nanayswpyiou (1924 + 2016)

O Opéotng Nanayswpyiou yevvABnke To 1924 otn Naunak-
T0. ®oiTnoe oTn ZXoAn MoAImikwv Mnxavik®v Tou EMMN karta
To didoTnua 1942 - 1947 kal 1949 - 1950, onoTE ANEKTNOE
To AinAwpa MoAmkou MnyavikoU kai Tnv Adeia AOKNOEWG
EnayyéApaToc. Metd Tnv ano@oitnar Tou €pydoTnke KaTa To
xpovikd didornpa 1951 - 1957 omnv ertaipeia Tippetts -
Abbett - McCarthy - Stratton ZUpBouAol Mnxavikoi kal kaTa
TO XpovIkO diacTnpa 1959 - 1962 orto U.S. Corps of Engi-
neers, w¢ MNpoioTauyevog TuRuatog ota 'Epya Meooyeiou Tou
EpyaoTnpiou TOU, CUUHETEXOVTAG O WEAETEG UOPONAEKTPI-
KWV Kal UdpauAik®Vv £pYWV, YEQUP®OV Kdl AEPOdPONInV aTnV
EAAGGa, otnv Toupkia, otn Meon AvatoAn kai oTnv AQpIKn).
AkoAouBnoav JdIeTeig PETANTUXIAKEG onoudeg (1962 - 1964)
o€ MewTexvikn Mnxavikr, Texvikn FewAoyia, Zeigpoloyia kai
YdpauAika 'Epya oTto Imperial College of Science, Technolo-
gy and Medicine, oTto Aovdivo.

KaTta tnv enioTpo®r Tou otnv EAAAGda, epydoTnke yia oUv-
TOMO XPOVIKO S1doTnpa oto Mpageio AoEIAdn Kal oTn CUVEXE-
1a (1965 - 1990) oTtn AEH (AielBuvon MeheTwv Mapaywyng,
MeTapopdg - AielBuvon MeAeTwv — Kataokeuwv YOponAek-
Tpikwv ‘Epywv, AleuBuvon AvanTtugng YOponAekTpikwv ‘Ep-
YWV, GUMMPETOXN OTN MEAETN Kal 0T oUVTAEN Npodiaypapwyv
oe OAa Ta peydAa YdponAekTpika 'Epya Tng EAANGdaAg pe ko-
pwvida To gpayua kal YHE OnoaupolU NEOTOU, OE ENITPONEG
@IAIKoU dlakavoviouoU Kal gg diaiTnTika dikaotnpla). Metd
TNV apunnpéTnor Tou To 1990 kal péxpl To 2010 anaoXoAn-
Bnke oTov 1I01WTIKO ToOHEa WG ZUPPBoUAOG o NARBoG anod Yd-
PONAEKTPIKA Kal YOpauAika €pya ava Tnv EAAGSa.

Ynnp&e 13puTIkOG PEAOG TNG EAANVIKNAG EnmioTnuovikng ETaipiag
Edapounxavikng kal OgpeAiooewy To 1966, TnG evw 10 1965
OUMMETEXEl, MEOW TNG AEH, oTnv idpuon Tng EAANvIkNAG EniT-
ponng Meydlwv ®paypdTwy, cUPNQWvVA PE Ta NPOTUNA TWV
avTioToixwv dIEBV®V emTponwv. YNApEe eniong evepyd HE-
Aog TnGg EAANvVIkAG EniTponng Texvikng MewAoyiag. H eEwo-
TpEPEIa yia auTdv ATAv ONPAvTiKh Kal auThv UnnpeTnoe Kal
W¢ €ni xpovia Mevikog MpappaTtéag Tng EAANVIKAG Enimponng
MeydAwv ®paypdtwv, Tnv onoia eknpoownnoe Pe diIkA Tou
€€00a oe gvvea digbvr) ouvEdpIa. SUVEYpAWE AV TWV EIKOOI
névre (25) apBpwv oe €Bvika kai d1eBvr ouvedpla MewTeXVI-
KAG Mnxavikng kal Mnxavikng ®payuaTtwyv. FNa Tnv npoo@o-
pd TOUu OTNV avdanTu&n avavewoIPdwV MNNYWV EVEPYEIAG OTN
XWPpa pag Tov Tignoe n EAAnvikn Emitponn Meyalwv dpay-
HaTtwv To 2008.

AneBiwoe aTig 2 OkTwPpiou 2016 NANPNG NUEPWV.

AxIAAEéag ManadnunTpiou - '‘EAeva Manayewpyiou
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APOPA

Mapouciacn apBpwv, 0TV CUYYPAPH TWV OMoiwV HETEIXaV
‘EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kat’ aA@afnTikn ogipd, oTa €AANVIKA, TOUu ovOpaToq
TOU MPWTOU CUYYypaPEa).

Simplified estimation of elastic response spec-
tra for liquefied ground

Estimation simplifiée des spectres de réponse élas-
tique pour sol liquéfié

Y.Z. Tsiapas, G.D. Bouckovalas and Y.K. Chaloulos

ABSTRACT A simplified methodology is proposed for the
estimation of elastic response spectra under liquefiable
ground conditions. In brief, the response spectrum is de-
fined through linear interpolation between the correspond-
ing spectra in absence of liquefaction and after complete
liquefaction, obtained by equivalent linear (frequency do-
main) site response analyses. The interpolation is controlled
by the factor of safety against liquefaction. In this way, the
proposed methodology takes indirectly into account the
time lag until the onset of liquefaction, a parameter of cor-
nerstone importance for the evaluation of the overall
ground response.

1 INTRODUCTION

The seismic response of liquefied ground can be numerically
simulated using advanced constitutive models implemented
into available non-linear (Finite Difference or Finite Ele-
ment) numerical algorithms. However, due to the objective
complexity of such analyses, simplified methodologies have
been also proposed in the literature, based on simpler com-
putational means (e.g. SHAKE-type equivalent linear anal-
yses). A common assumption of these methodologies is that
liquefaction occurs at the onset of the seismic excitation so
that the analyses can be performed with the mechanical
properties of the liquefied ground. Nevertheless, this as-
sumption is valid only for intense seismic excitations and
small factors of safety against liquefaction. As a result, the-
se methodologies may prove significantly unconservative,
as the important effect of the pre-liquefaction segment of
the seismic excitation is overlooked.

To remedy this shortcoming, a new analytical methodology
has been developed, which allows a simplified prediction of
the elastic response spectra of liquefied ground while taking
consistently into account the pre- as well as the post-
liguefaction segments of the seismic excitation. For this
purpose, it is assumed that the response spectra for non-
liquefied and for totally liquefied ground constitute upper
and lower bounds to the actual spectrum. The proposed
methodology is calibrated against both the seismic motion
recordings from 3 liquefaction case histories, and the results
of parametric, fully coupled, nonlinear, numerical analyses.
The simulation of the liquefiable sand response is achieved
using the critical state plasticity constitutive model NTUA-
SAND (Andrianopoulos et al. 2010), which has been exten-
sively verified against laboratory tests and implemented in
the finite difference code FLAC as a User Defined Model.

2 LITERATURE REVIEW
2.1 Effect of liquefaction on the seismic design parameters

The majority of the examined cases show deamplification of
the peak ground acceleration (PGA) at the ground surface.

However, there is also evidence for the opposite, in cases
when liquefaction occurred after the strong motion part of
the seismic excitation (e.g. the liquefaction case study in
Wildlife Liquefaction Array, WLA, under Superstition Hills
earthquake) or in the presence of relatively thin (e.g. ap-
proximately 3m thick) liquefiable soil layers (e.g. Dashti et
al. 2010). The relative density of the liquefiable soil seems
to be related to the PGA (e.g. Dashti et al. 2010, Taiebat et
al. 2010), for one at least reason: the resistance to lique-
faction increases with relative density and consequently the
onset of liquefaction may occur after the strong motion part
of the seismic excitation, leading thus to amplification of the
PGA. Liquefaction effects on spectral accelerations are dif-
ferent for small and for large structural periods, Ts.. In the
low period range, the effect is similar to the above men-
tioned one for PGA. For the high period range (approxi-
mately for Ts > 0.8-1.0 sec), liquefaction of the subsoil
generally leads to amplification of spectral accelerations
(e.g. Youd & Carter 2005, Dashti et al. 2010, Kramer et al.
2011).

2.2 Simplified methodologies for the estimation of seismic
design parameters in liquefiable sites

The literature survey did not reveal any widely accepted and
adequately documented methodologies for the definition of
design spectra for liquefied soils. The few available methods
are grossly approximate, while they are not generally con-
sistent with the conclusions of paragraph 2.1. For instance,
Miwa & Ikeda (2006) propose to use equivalent linear anal-
yses for the prediction of the seismic motion on the surface
of the liquefied ground, using constant values of elastic
shear modulus for the liquefied soil layers. The key parame-
ter for this kind of analyses is the shear wave velocity of the
liquefied ground, Vs,q. Its values were estimated by inverse
analyses of actual recordings in liquefied sites and were
consequently related with the factor of safety against lique-
faction, FS., and the initial shear wave velocity without lig-
uefaction, Vs (Table 1). It must be noted that Miwa & Ikeda
(2006) do not provide any details for the hysteretic damp-
ing ratio, §q, of the liquefied soil that should be used in
their analyses. To fill this gap, one may recall previous find-
ings of Pease & O'Rourke (1997) suggesting that the hys-
teretic damping ratio of liquefied sands, obtained from re-
verse analysis of relevant seismic recordings, is §iq = 20 -
30%.

Table 1. Proposed Vs iq/Vs ratios by Miwa & Ikeda (2006).

FS. 0.3-0.6 0.6 - 0.9 09-1.0

Vs,iia/ Vs 0.10 - 0.14 0.12 - 0.16 0.14 - 0.19

Based on the conclusions of paragraph 2.1, it is realized
that the methodology of Miwa & Ikeda is reliable only in the
case of extensive liquefaction (e.g. FS. < 0.40), when the
liquefaction onset occurs early during shaking, i.e. well be-
fore the peak of the seismic excitation. In the opposite
case, this approach may prove significantly non-
conservative, since it totally ignores the possible amplifica-
tion of the seismic excitation segment preceding the onset
of liquefaction. This effect is taken indirectly into account by
Kramer et al. (2011), who proposed numerically established
spectral acceleration correction curves (ratio of liquefied
over non-liquefied site response) in terms of FS,. Neverthe-
less, the Authors accept that application of their correction
curves in practice is premature due to the large scatter of
the associated numerical predictions.

3 OUTLINE OF THE PROPOSED METHODOLOGY
3.1 Basic principles

The basic assumption of the proposed methodology is that
the response spectrum of the liquefied ground, Sarea, can
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be estimated through linear interpolation between the re-
sponse spectra for “non-liquefied”, Say., and for totally “lig-
uefied” ground, Sa,, which are obtained from equivalent
linear analyses. Note that Say. and Sa, can be computed
with conventional analysis methods, combined with the log-
ic of Miwa & Ikeda (2006) in the later case. In particular,
the elastic shear modulus, Gmax, is reduced to a prescribed
constant value (Gjiq = pVs,iq?), Whereas the hysteretic damp-
ing ratio is related to cyclic shear strain amplitude y, using
the common empirical &-y curves for sands. For the linear
interpolation between the aforementioned response spectra,
the interpolation factor, a, is defined as a function of struc-
tural period, T:

(1)

In absence of liquefaction (FS. > 1), it is evident that the
recorded response spectrum, is equal to the spectrum for
the “non-liquefied” ground, and hence a = 0. On the other
hand, when the factor of safety is close to zero, the ground
liguefies immediately and the real spectrum becomes equal
to the “liquefied” one, so that a = 1. As a result, the values
of the interpolation factor are restricted to the range: a = 0
- 1.

3.2 Inverse analyses for the calculation of the interpolation
factor a

The calibration of the interpolation factor was based on: (a)
three (3) liquefaction case histories, in sites with accelera-
tion recordings both at the soil surface and at the base of
the liquefied layer, and (b) the results of parametric, fully
coupled, nonlinear, numerical analyses. The examined case
histories come from the “Wildlife Liquefaction Array” (WLA)
in U.S.A. and the “Port Island” array in Japan. The first site
consists of 4.5m liquefiable silty sand (2.5-7.0m depth),
with two accelerometers installed at the soil surface and at
7.5m depth. The respective soil profile, along with the var-
iation of the average tip resistance from 5 CPT tests with
depth, is presented in Figure 1a. Two strong motion record-
ings were obtained in WLA: Elmore Ranch earthquake
(1987) of MW = 6.2 magnitude, which did not cause lique-
faction (FSL = 1.50) and Superstition Hills earthquake
(1987) of MW = 6.6 magnitude, which led to liquefaction
(FSL = 0.80). The Port Island site, consists of loose sand
and gravel, which liquefied between 3-16m depth during
Kobe earthquake (1995) of MW = 6.9, as FSL = 0.4. Accel-
eration time-histories have been recorded at the ground
surface, at 16m depth, as well as at greater depths. The
respective soil profile with SPT results is presented in Figure
1b.

The numerical analyses simulate the seismic response of an
actual soil profile (Figure 1c), located within the riverbed of
Strymonas river in Northern Greece, consisting of a 23m
thick liquefiable silty sand layer. The seismic response of
this site has been simulated with the finite difference code
FLAC and the in-built Critical State soil plasticity model
NTUA-Sand (Andrianopoulos et al. 2010). To capture the
liquefaction resistance of the in-situ soils, NTUA-Sand was
properly calibrated against the associated factors of safety
against liquefaction, FSL, computed from the reported SPT
results according to the Youd et al. (2001) empirical meth-
od. The numerical model consists of a single element col-
umn with element dimensions 1m x 0.50m (width x height).
Tied—-node conditions were considered at the side bounda-
ries, which impose the same vertical and horizontal dis-
placements to grid points of the same elevation.

To examine the effect of shaking magnitude, two different
seismic excitation scenarios were considered:

e Scenario A, for 1000yrs return period, MW = 7 and PGA
= 0.32g at the outcropping bedrock.
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Figure 1. Soil profile and CPT/SPT results for (a) WLA site,
(b) Port Island site, and (c) the numerical simulations (at
Strymonas river).

e Scenario B, for 225yrs return period, MW = 6.7 and PGA
= 0.22g at the outcropping bedrock.

For each scenario, a suite of seven earthquake motions,
recorded on bedrock outcrop and having the target magni-
tude, is selected and properly scaled so that the average
response spectrum is in good agreement with the design
spectra of Eurocode 8 for soil type B (Figure 2). These
seismic motions, along with the respective FSL values, as
estimated from SPT results (Youd et al. 2001), are summa-
rized in Table 2.
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15 b. Seismic Scenario B

12 Motions B1-B7
B Mean value B1-B7
@© 0.9 = = Eurocode 8
n ]

0.6

0.3 j

0.0

00 05 10 15 20 25 30 35 40
T (sec)

Figure 2. Comparison of the average elastic response spec-
tra at bedrock outcrop for the seismic scenarios A and B
with the respective design spectra of ECS8.
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Table 2. Summary of earthquake motions and average FSL
for the numerical simulations.

Seismic Scenario A Seismic Scenario A

Motion
Seismic PGA Seismic PGA

# i FS. ) FS_
Motion (g9) Motion (g9)

1 ITALY- 0.180 | 1.03 | NEWZEAL | 0.280 | 0.78
BAG
ITALY- NORTHR-

2 VLT 0.136 | 1.36 BLD 0.251 | 0.80
KOBE- NORTHR-

3 AMA 0.394 | 0.47 CEN 0.589 | 0.41
KOBE- NORTHR-

4 KAK 0.330 | 0.56 FLE 0.172 | 1.17
KOBE-

5 DO 0.383 | 0.49 | SFERN-L | 0.150 | 1.38
LOMAP- SFERN-

6 AND 0.320 | 0.58 PEL 0.211 | 0.99

7 LOMAP | 0.484 | 038 | sprrak | 0.207 | 0.91

Inverse calculation of interpolation factors a, was based on
equivalent linear analyses of each soil profile in Figure 1,
separately for “non-liquefied” and for “liquefied” ground
conditions. For the examined case histories, the respective
recording at the base of the liquefied layer (Figure 3) was
applied, whereas the 14 seismic motions of Figure 2 were
used for the numerical simulations.

0.6
0.5
0.4
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0.1
0.0
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1.4
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1.0
0.8
0.6
0.4
8(2) b b b b bna b L

00 05 10 15 20 25 30 35 40
T (sec)

a. WLA site
(7.5m depth)

= E|more Ranch
= Superstition Hills

Sa(g)

1IIIIIII|IIII|IIII 'lllllll

b. Port Island
(16m depth)

lllIlIIIIIIlIII

Sa(g)

Figure 3. Response spectra at the base of the liquefied
layer at (@) WLA (Elmore Ranch and Superstition Hills
earthquakes) and (b) Port Island (Kobe earthquake).

A parametric investigation was conducted in order to define
the value of the Vsq/Vs ratio which provides best fit in the
analyses of “liquefied” ground. In each case, the Vs,i/Vs
ratio for which the corresponding response spectrum for
“liquefied” ground matches with the real one in long periods
(T > 0.8-1.0sec) is selected for the next steps of the statis-
tical processing. Typical results for the variation of coeffi-
cient a with period are presented in Figure 4 for two numer-
ical simulations.
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Figure 4. Actual and fitting curves of the coefficient “a”.

4 CALIBRATION AND EVALUATION OF THE PROPOSED
METHODOLOGY

4.1 Calibration of the interpolation factors

There are two (2) key parameters that need to be deter-
mined, in order to apply the proposed methodology in prac-
tice: the Vs,q/Vs ratio and the variation of coefficient “a”
with period. Starting with the Vs,q/Vs ratio, the values ob-
tained from the inverse analyses are plotted against FS_ in
Figure 5a, in comparison with the range proposed by Miwa
& Ikeda (2006) for FS. < 1 (Table 1). The observed agree-
ment is fairly good and suggest that the same chart,
properly extended for FS. > 1.0, may be used for the a-
priori selection of Vs,iq/Vs ratio.

05
- a. B Case Histories
04 — ® Numerical Analyses
> 03 = [ Miwa & lkeda (2006)
0 = =] Proposed Extension
5 0.2 = ‘
0.1 E ® ®
0.0 o b b b bena Lo s b
1.2 =
10 E b. B Case Histories 1
0s E- | ® Numerical Analyses
T E = Proposed Equation
é 0.6 =5 &
s 04
02 E- - o
2 E ®
00 E
0.2 E s L e b s beaa s L

00 02 04 06 08 10 12 14 16
FS,

Figure 5. Empirical charts for the computation of Vs iq/Vs
and apga in terms of FS,.

In addition, it is observed that the values of coefficient a for
peak ground acceleration (apca) are uniquely related to FS,
(Figure 5b) and can be expressed analytically as follows:
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0.70
af,m:% 1+cos %[%) (2)

Finally, the shape of the statistically estimated curves for
the variation of coefficient a with the period T of Figure 4 is
fitted with the following approximate relation which predicts
a step-like increase from a = apga for T < 0.8sec toa =1
for T > 1sec:

4.2 valuation of the analytical predictions

To evaluate the accuracy of the proposed methodology, the
predicted response spectra, Saprep, are compared in Figure
6 with the recorded response spectra at WLA and Port Is-
land liguefaction sites and the numerically simulated ones
for seismic scenarios A5 and B1 in Table 1. In all cases, the
comparison between the predictions with the proposed
methodology and the target response spectra is consistently
good, over the entire range of period T. To further appreci-
ate the capabilities of the proposed methodology, predic-
tions using the approach of Miwa & Ikeda (2006) are also
plotted in Figure 6. Observe that this early approach pro-
vides reliable predictions only in the high period range, and
significantly underestimates spectral accelerations in the
period range of common structures (T = 0.30-0.60sec).
Exception is the case of Port Island liquefaction site, where
liguefaction occurs at the initial stages of shaking
(FS.=0.40), and consequently the Miwa & Ikeda (2006)
approach provides a reasonable fit of the recorded seismic
response.

5 CONCLUDING REMARKS

A new method has been established to predict the elastic
response spectrum of liquefiable sites using simple analysis
methods, developed and widely applied for non liquefiable
soils (e.g. the equivalent linear analysis method). The novel
assumption of the proposed methodology is that the lique-
fied ground response is significantly affected by the
preliquefaction segment of the seismic excitation, and, con-
sequently, it may even exhibit amplification of the seismic
motion parameters at the low period range, of common
structures. This effect is indirectly incorporated via the in-
troduction of the factor of safety against liquefaction FS, as
the basic parameter for the interpolation between the re-
sponse spectra for the two limiting conditions: the immedi-
ate liquefaction (FS.<0.30) and the total absence of it (FS.>
1.0).

Until now, the new methodology has been calibrated against
the few available case histories and a limited number of
parametric numerical simulations for an actual soil profile.
Work is currently in progress in order to gain insight to the
possible effect on the interpolation factor a(T) of additional
problem parameters, such as the thickness of the liquefied
layer and the frequency content of the seismic excitation.
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On the seismic response of shallow rectangular
tunnels in soft soils

Etude expérimentale et numérique du comportement
sismique des tunnels rectangulaires en terrain
meubles

G. Tsinidis, K. Pitilakis, G. Madabhushi and C. Heron

ABSTRACT A series of dynamic centrifuge tests was per-
formed on a rectangular tunnel model embedded in dry
sand at the centrifuge facility of the University of Cam-
bridge. An extensive instrumentation array was implement-
ed to monitor the soil-tunnel response, which comprised of
miniature accelerometers, pressure cells and position sen-
sors in addition to strain gauges that recorded the strains
within the tunnel lining. In the second phase of this re-
search program representative test cases were numerically
investigated by means of full dynamic analysis of the cou-
pled soil-tunnel system using ABAQUS. The paper discusses
several crucial aspects of the seismic response, as revealed
by comparisons between the numerical and the experi-
mental data, namely the lining dynamic internal forces, the
magnitude and distribution of the dynamic earth pressures
and shear stresses which develop around the rectangular
tunnel and the effect of burial depth on the response char-
acteristics. The interpretation of both the experimental and
numerical data reveals, among others: (i) a rocking re-
sponse of the model tunnel in combination with the racking
mode and (ii) residual earth pressures on the side-walls and
residual internal forces, after shaking, which are amplified
by the tunnel’s flexibility.

1 INTRODUCTION

Although recent earthquake events have demonstrated that
underground structures in soft soils may undergo extensive
deformations or even collapse, their seismic response has
received considerably less attention compared to above-
ground structures. The seismic response of underground
structures is quite distinct from that of above ground struc-
tures as the kinematic loading introduced by the surround-
ing soil is prevalent, while the inertia loads are often of sec-
ondary importance. Generally, the knowledge shortfall is
more evident for rectangular embedded structures (e.g. cut
and cover tunnels), where the soil-structure interaction ef-
fects are expected to be more pronounced. In addition, de-
sign specifications in modern seismic codes are based pri-
marily on simplified methods, which may lead to substan-
tially different seismic design loads and internal lining
stresses (Pitilakis & Tsinidis 2014).

Given the need for further research, a series of dynamic
centrifuge tests was performed on flexible aluminum square
tunnel models embedded in dry sand models pluviated to
differing relative densities. Representative tests were nu-
merically modeled by means of full dynamic analysis of the
coupled soil-tunnel system. The paper presents a series of
comparisons between the numerical predictions and the
experimental results. Throughout this paper, crucial re-
sponse characteristics are discussed.

2 DYNAMIC CENTRIFUGE TESTING

The centrifuge tests were performed at the “Turner beam
centrifuge” of the University of Cambridge, under a centrif-
ugal acceleration of 50 g (scale factor N = 50). The models
were constructed within an equivalent shear beam (ESB)
container, while a specially designed Stored Angular Mo-
mentum actuator was used to apply the earthquake input
motions at the model base. The actuator is capable of ap-
plying sinusoidal or sine-sweep inputs (Madabhushi et al.
1998).

Soil deposits were made of dry Hostun HN31 sand reconsti-
tuted at two different relative densities of 50 % and 90 %.

Table 1. Sand mechanical properties

Parameter Values

ps (g/cm?) 2.65

€max / €min 1.01/0.555

d1o / dso / deo (Mmm) 0.209/ 0.335/ 0.365

QPcrit (O) 33

A 100 x 100 x 210 (mm) square model tunnel was manu-
factured by an extruded section of 6063A aluminum alloy
having a thickness of 2 mm (Figure 1). This selection, with
such a reduced lining thickness was chosen so as to study
the effects of tunnel flexibility at an extreme end of possible
real structure flexibilities. To study the effect of the soil-
tunnel interface friction Hostun sand was stuck to the ex-
ternal face of the tunnel-model, creating a rough surface for
the final test (Test 2).

Figure 1. Model tunnel; strain gauges: SG-Ai: axial force
strain gauges, SG-Bi: bending moment strain gauges.

Table 2. Model tunnel mechanical properties

Parameter Values
Unit weight, y (kN/m?3) 2.70
Young'’s Modulus, E (GPa) 69.5
Poisson ratio, v 0.33
Tensile strength, fy (MPa) 33

Figure 2 presents a typical model layout and the instrumen-
tation scheme, while Table 3 tabulates the sequence and
characteristics of the input motions during each test.

145 45 96.5 100 141.5 145

LVDT1  LVDT2
POT1 POT2
111

1
AH5F » A10 FA8 4 A3
o

i A15,Al4 , A16 i
—— S AH3® PC24 1A13 FA6 | o
S AH2F PCle A5 rr; i)

Al2

AH1F
e i All Al

Air hammer i Al g

(Dimensions in mm)
4 Accelerometer «Pressure cell ILvoT B pOT Strain gauge

Figure 2. Typical model layout; h = 60 mm for Test 1; h =
100 mm for Test 2.
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Table 3. Input motions (bracketed values in prototype

scale)
Test D, EQ Frequency Amplitude 33::::?::‘
ID | (%) 1D (Hz) (9) (s)

Test | 51 | EQ1 60 (1.2) | 10.5(0.21) | 0.4 (20)

EQ2 60 (1.2) | 12.9(0.26) | 0.4 (20)

EQ3 60 (1.2) | 15.7(0.31) | 0.4 (20)

EQ4 60 (1.2) | 18.3(0.37) | 0.4 (20)

Test | 89 | EQ1 30 (0.6) | 1.0(0.02) | 0.4 (20)

EQ2 45 (0.9) | 4.0(0.08) | 0.4 (20)

EQ3 50 (1) 6.5(0.13) | 0.4 (20)

EQ4 50 (1) 12.0 (0.24) | 0.4 (20)

EQ5* | 60 (1.2) | 12.0(0.24) | 3.0 (150)

EQ6** 50 (1) 5.8 (0.116) | 0.4 (20)

EQ7** 50 (1) 6.0 (0.12) | 0.6 (30)

EQ8** 50 (1) 11.0 (0.22) | 0.5 (25

* Sine sweep / ** Fired during a second flight

A dense monitoring array was implemented to record the
soil-tunnel system response, comprising of miniature accel-
erometers (As), linear variable differential transformers
(LVDTs), position sensors (POTs) and miniature total earth
pressure cells (PCs) (Figure 2). Resistance strain gauges
were also used to measure the tunnel lining axial and bend-
ing moment strains at several locations (Figure 1). Unfortu-
nately, the strain gauges did not record during the first test
(Test 1) due to a wiring problem, while they worked proper-
ly during the second test (Test 2). To estimate the soil
shear wave velocity gradient, air hammer tests were per-
formed prior shaking.

In each test, the centrifuge was spun up in steps until 50 g
and then the earthquakes were fired in a row, leaving some
time between them to acquire the data. The data was rec-
orded at a sampling frequency of 4 Hz during the centrifuge
swing up and at 4 kHz during shaking. More details about
the experimental program may be found in Tsinidis et al.
(2014).

3 NUMERICAL ANALYSIS

The tests were simulated by means of full dynamic time
history analyses, using the finite element code ABAQUS
(ABAQUS 2012). The analyses were performed in prototype
scale under plane strain conditions. Figure 3 presents a typ-
ical numerical model layout.

Soil-tunnel interface
A)

\

Displacement constraints
I

a(t)

Figure 3. Numerical model in ABAQUS.

The soil was adequately meshed with quadratic plane strain
elements, while the tunnel was modelled with beam ele-
ments. The base boundary of the model was simulated as
rigid bedrock, while for the vertical boundaries kinematic tie
constrains were introduced, simulating in that simplified
way the ESB container.

For the soil-tunnel interface, a finite sliding hard contact
algorithm was implemented (ABAQUS 2012). The interface
friction effect was investigated applying different Coulomb
friction coefficients y, namely p = 0 for the full slip and 0.4
and 0.8 for nonslip conditions. In a final analysis, the soil
and the tunnel were fully bonded assuming no slip condi-
tions and precluding separation.

The lining behaviour was simulated using an elastic-
perfectly plastic material model, with yield strength equal to
220 MPa.

The dynamic sand response was modeled in two ways. For a
first series of analyses a visco-elastic model was imple-
mented using the equivalent linear approximation. In a se-
cond stage, the analyses were performed with a non-
associated elasto-plastic Mohr-Coulomb model in order to
account for the soil permanent deformations. Sand stiffness
and damping were properly tuned, in order to reproduce the
recorded inertial response of the soil (e.g. horizontal accel-
eration amplification and time histories at free field). In
particular, 1D soil response analyses were performed as-
suming a small strain shear modulus according to Hardin
and Drenvich (1972) and using different sets of G-y-D
curves for cohesionless soils. Computed acceleration was
compared to the recorded data. This procedure revealed
that a reduced distribution according to Hardin and
Drenvich (1972) was adequately describing the sand shear
modulus:

(1)

where: e is the void ratio, o' is the mean effective stress (in
MPa), G is the degraded shear modulus (in MPa) and a is
the reduction value for each shake, ranging between 0.3-
0.4 for the different cases studied. Viscous damping (15 %)
was employed in the frequency depended Rayleigh type. For
the elastoplastic analyses additional energy dissipation was
introduced by the hysteretic soil response (e.g. near the
tunnel). Regarding the soil strength parameters, the friction
angle @ was assumed equal to 33° (critical angle for the
specific sand fraction), while the dilatancy angle ¢ was as-
sumed equal to 3° for all the examined cases. To avoid nu-
merical problems a small amount of cohesion was intro-
duced in the model (c = 1 kPa).

Seismic input motion was introduced at the base of the nu-
merical model in terms of acceleration time histories refer-
ring to the motion recorded at the reference accelerometer
(A1). All the records were properly processed (filtering,
baseline correction) before being used in the numerical
analysis. Analyses were performed in two steps; first the
gravity loads were introduced, while in a second step the
earthquake motions were applied in a row replicating each
test flight.

4 RESULTS

This section summarizes representative comparison exam-
ples between the experimental results and the numerical
predictions. The results are generally shown at model scale,
if not differently stated.

4.1 Horizontal acceleration

Figure 4 presents representative comparisons between the
recorded and computed horizontal acceleration amplification
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along accelerometers vertical arrays. Both visco-elastic and
elasto-plastic analyses revealed similar responses and am-
plification. The numerical predictions are generally in good
agreement with the records for the horizontal acceleration.
The differences, generally minor, are mainly attributed to
the differences between the assumed soil mechanical prop-
erties (stiffness and damping) and their actual values during
the test. The larger deviation of the acceleration amplitude
at the tunnel roof slab in the presented example is attribut-
ed to an erroneous record at this location.

A/50g A/50g
0.00 010 0.20 0.00 0.10 0.20

0 1 0 L F
011 0.1 T mma €]
Eo02- o 0.2 -4 --g----]
N

0.3 0.3
0.4 0.4

Figure 4. Horizontal acceleration amplification along the
free field (left) and the tunnel (right) accelerometer vertical
arrays; solid lines: numerical results (elasto-plastic analy-
sis), circles: experimental data, EQ6-Test 2.

4.2 Tunnel deformed shapes

Figure 5 presents representative time-windows of the rec-
orded vertical acceleration at the sides of the tunnels roof
slabs. Time histories for the deeper tunnel (Test 2) are out
of phase indicating a rocking mode of vibration for the tun-
nel in addition to the racking distortion. Numerical results
reveal a similar tendency. This observation is less evident
for the shallower tunnel (Test 1); however this rocking re-
sponse still exists. Figure 6 presents typical tunnel de-
formed shapes during shaking, indicating this complex rack-
ing-rocking response. Due to the high flexibility of the tun-
nel, inward deformations are also observed for the slabs
and the walls.

02 0.2

m0'1 b A ~ . 0.1 7 \

3 0 MGG o {\,w

<01 4a) 0.1 )
02 02

—ACC15 -ACC16

Figure 5. Time windows of the recorded vertical accelera-
tion at the sides of the tunnels roof slabs; (a) EQ2-Test 1,
(b) EQ4 -Test 2.

Figure 6. Tunnel deformed shapes for time steps of maxi-
mum racking distortion; EQ2-Test 1, no slip conditions (de-
formations scale x 60).

4.3 Dynamic earth pressures
Recorded dynamic earth pressures generally increased with

increasing burial depth and increasing soil relative density
(Test 2), both in terms of dynamic increments and residual
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values after shaking.

Figure 7 presents typical comparisons between the comput-
ed and the recorded dynamic earth pressures time histories
at the left side-wall. Numerical results refer to elasto-plastic
analysis assuming no-slip conditions. Residual values were
reported after shaking, as a result of the soil yielding and
densification around the tunnel. This post-earthquake resid-
ual response that can not be reproduced by the viscoelastic
analyses is amplified with the flexibility of the tunnel. In
addition, dynamic pressure increments were found to be
larger near the stiff corners of the tunnel. For the deeper
tunnel case (Test 2) numerical results for no-slip conditions
were closer to the experimental records. For the shallow
tunnel (Test 1) full slip conditions were found to describe
better the recorded response. It is noteworthy that for Test
2 sand was stack on the external face of the tunnel leading
to a rough interface.
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: nmm I | 2
& 199 0907 pey
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Figure 7. Dynamic earth pressure time histories on the left
side wall; EQ8-Test 2, no slip conditions.

Figure 8 presents typical dynamic earth pressure distribu-
tions around the tunnel perimeter, as affected by the soil-
tunnel interface characteristics. The results refer to the time
step of the tunnel maximum racking distortion. Soil yielding
around the tunnel results in stress redistributions leading to
a different response between elasto-plastic and visco-elastic
analyses.

100

Pressure (kPa/m)

-100 -
* Full slip

No slip

No slip Elastic

Figure 8. Dynamic earth pressure distributions around the
tunnel for the time step of maximum racking distortion de-
termined from numerical analysis; EQ8-Test 2.

4.4 Soil dynamic shear stresses

Figure 9 presents dynamic shear stress distributions com-
puted for the time step of maximum racking distortion. Sim-
ilar to the earth pressures, soil yielding affects the shear
stress distribution around the tunnel. Generally, shear
stresses tend to increase near the tunnel corners due to the
higher earth pressures (confining pressures for the tunnel)
at these locations. As expected, interface friction affects
significantly the soil shear stresses distributions and magni-
tudes.
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Figure 9. Soil dynamic shear stress distributions around
the tunnel for the time step of maximum racking distortion
determined from numerical analysis; EQ8-Test 2.

4.5 Lining dynamic bending moment

A representative comparison between recorded and com-
puted dynamic bending moment time histories is presented
in Figure 10. Generally, the numerical results are in good
agreement with experimental data. Both the experimental
data and the numerical predictions indicate a post-
earthquake residual response, similar to that of the earth
pressures. This residual response is highly affected by the
tunnel’s flexibility and as expected it is affecting the bend-
ing moment distributions around the tunnel (Figure 11).
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Figure 10. Dynamic bending moment at SG-B4; EQ3-Test
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Figure 11. Dynamic bending moment distributions; (a) at

the time of maximum racking distortion, (b) residual values
after shaking, EQ4-Test 2.

Similar observations are made for the shallow tunnel (Test
1), with the residuals being close to those computed for the
deeper tunnel.

4.6 Lining dynamic axial forces

Residual values were also recorded for the lining dynamic
axial forces and were generally larger along the slabs. The
effect of the mobilized friction (along the interface) on the
lining axial forces is very important (Figure 12).
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Figure 12. Dynamic axial forces time histories; EQ8-Test 2.

Similar to what was observed for the dynamic earth pres-
sures recorded axial forces for the deeper tunnel are in bet-
ter agreement with the numerical predictions assuming no-
slip conditions. This can be attributed to the inward defor-
mations of the model tunnel that are amplified by the tun-
nel’s high flexibility. The surrounding sand is actually
squeezing the tunnel leading to a more rigid soil-tunnel in-
terface (no separation-no slip conditions). This effect is less
evident for the shallower tunnel in the looser sand deposit.

It is noteworthy that both visco-elastic and elastoplastic
analyses reproduce the recorded bending moment and axial
force dynamic increments quite well (Figure 13). These in-
crements are generally amplified near the tunnel corners.

6
. == Elasto-plastic
£ - —— Visco-elastic
é 4 _2|AM| ® Experimental data
£
< 2
=
<
0 A T T T
0 0.1 0.2 x(m) 0.3 0.4
5
41 Y,
E 3 " [2|AN] »
P4
= 2 T x=0
<
1 4
0 T T T
0 0.1 0.2 0.3 0.4
x(m)

Figure 13. Dynamic bending moment increment (AM)
along the perimeter of the tunnel for EQ4-Test 2; Dynamic
axial force increment (AN) along the perimeter of the tunnel
for EQ6-Test 2.

5 CONCLUSIONS

Summarizing, both the numerical and the experimental re-
sults revealed a rocking mode of vibration for the tunnel in
addition to the racking distortion and the inward defor-
mations of the slabs and the walls. Post-earthquake residual
values were reported for both the dynamic earth pressures
and the lining internal forces, mainly due to soil yielding and
densification around the tunnel. These response characteris-
tics were amplified with the tunnel’s flexibility.
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Dynamic compaction of collapsible soils — case
study from a motorway project in Romania

Compactage Dynamique des Sols Pliants — Cas Réel
d'aprés un Projet d’Autoroute en Roumanie

G. Tsitsas, V. Dimitriadi, D. Zekkos, M. Dumitru, R.
Ciortan and S. Manea

ABSTRACT Dynamic compaction is a widely used ground
improvement method applicable to a variety of soils includ-
ing collapsible loess. The paper presents site characteriza-
tion and ground improvement performance results obtained
from a 22 kilometer motorway project in Constanta, Roma-
nia. High energy dynamic compaction was utilized to treat
240.000 square meters of ground to depths ranging from 6
to 8 meters in order to reduce settlements and mitigate
collapse potential. The field results are compared to the
results of a finite difference numerical model, developed to
simulate the dynamic compaction.

1 INTRODUCTION

Dynamic compaction (DC) is one of the most widely used
ground improvement technologies to densify soils in-situ
and improve their properties in depth. The technique is par-
ticularly effective for moist or saturated cohesionless soils
that are largely free draining as well as finer soils above the
water table. This paper presents the case history of the
densification of loess deposits in southeastern Romania for
the construction of a major motorway. Dynamic compaction
was used to improve the bearing capacity of the soil below
embankments, reduce differential settlements to 25 mm
every 100 m, and reduce the possibility of soil collapse. The
densification scheme and site characterization results before
and after improvement are presented and compared to the
results of a finite difference numerical model.

2 PROJECT DESCRIPTION

The motorway project involved the design and construction
of 22 km of highway including 26 bridges and 5 interchang-
es as well as 11-m high embankments between Ovidiu and
Agigea (Fig. 1).

Soil profile consists of loess deposits to a depth of 12 m
with the top 6 m considered prone to collapse. Below these
deposits is a red clay with limestone concretions and thick-
ness of 16 to 18 m which tops degraded limestone.
Groundwater level was measured below 12 m.

Lumina

Ovidiu
MAMAIA
86
fc
¥ Constanta
3 — '
&
&3
Cumpana Lazu
139]
Agigea
&

Figure 1. Location of the site

2.1 Characterization of collapsible loess soils

Geotechnical investigation included SPT, CPT and laboratory
tests to characterize the subsurface conditions. The loess
deposits in the top 12 m consist of alternating layers of
clayey silt, clay and silty clay. Collapsible loess deposits are
known for porosity greater than 40%, low Plasticity Index
and unit weight, irreversible changes of their internal struc-
ture upon contact with water calculated by the additional
settlement index (im300). This index is determined in the
laboratory by double odometer tests. Loess is classified as
collapsible when in300 €xceeds 2%.

Figure 2 illustrates the soil profile at a project location. The
average dry density pq, at the top 10 m, is equal to 1.57 to
1.69 g/cm3, natural moisture content is about 20%, and the
void ratio is approximately 0.61. Fines significantly exceed
50% and two Atterberg test results indicate a Liquid Limit
(LL) of 37 and Plasticity Index (PI) of 24.
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Figure 2. SPT profile in the study area before and after
Dynamic compaction at km 11+750 to km 12+260.

CPT tests were conducted in 15 locations prior to as well as
after ground improvement took place. The mean (u) and
variance (p%0) in cone penetration tip resistance with
depth, before (CPT 1-15) and after dynamic compaction
(CPT 1A - 15A) are summarized in Figure 3. Mean CPT tip
resistance values, were used in deriving the soil properties
for the baseline and parametric humerical analyses. Of in-
terest is also the coefficient of variation (C.0.V.), defined as
the ratio of standard deviation (o) to mean and is shown in
Figure 4. The C.0.V. values indicate fairly uniform site con-
ditions, with an increase in variability at a depth of approx-
imately 8 m and deeper. The CPT data were used to esti-
mate constrained modulus M and, for an assumed Poisson’s
ratio of 0.25, to calculate Young’s modulus E, Bulk modulus
B and Shear modulus G. Shear strength parameters were
also derived on the basis of the CPT, SPT, and laboratory
shear data. Average soil properties are summarized in Table
1.
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Figure 3. Mean CPT values with depth before and after
Dynamic compaction.
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Figure 4. Coefficient of variation (C.0.V.) of tip resistance
before and after soil improvement.

Table 1. Stiffness properties as estimated before and after
Dynamic compaction.

Before D.C. After D.C.
E (kPa) 7,000 11,000
B (kPa) 4,700 7,365
G (kPa) 2,800 4,420
¢ (deg) 17 30
c (kPa) 15 15
y (deg) 0 0

2.2 Implementation of Dynamic Compaction

Three-phase dynamic compaction was carried out using an
18 metric tons steel pounder with a surface area of 3.8 m2.
The compaction grid varied throughout the site from 6x6 m
to 7x7 m, based on results obtained from pilot tests. Phase
I consisted of a high energy input based on a densification
grid, followed by Phase II in intermediate points. Phase III
was the “ironing” phase that involved lower energy input
and aimed at densifying the shallower, disturbed, soil lay-
ers.

The number of drops, reported in Table 2, was determined
based on pilot dynamic compaction tests paired with in situ
and laboratory measurements executed prior to the final
design of the improvement scheme. During the pilot tests,
the optimum number of drops was selected, based on the
observed ground response that involved heave and/or set-
tlement measurements and the assessed depth of im-
provement.

Energy input (pounder mass, drop height and number of
drops) for each Phase is shown in Table 2. Applied energy
during the ironing phase was calculated using a grid spacing
equal to the area of the pounder. Energy input is expressed
in terms of Applied Energy, given by the following expres-
sion:

WHN(F)

erid _ spacing

Applied  Energy =
(1)
where W = mass of pounder (metric tons or Mg), H = drop
height (m), N = number of drops, (P) = number of passes,
grid spacing (in m?).

Table 2. Pounder mass, drop height, and number of drops.

mel::lric H # of AE

2
tons m drops ton.m/m
Phase 1 18 23 12/14 101.4/118.3
Phase II 18 23 12/14 101.4/118.3
Phase III
(ironing) 18/14 20/14.5 2/4 189.5/169.2

2.3 Assessment of Dynamic Compaction

The impact of densification was assessed on the basis of the
evolution of crater depths during DC, as well as pre- and
post-improvement CPT, SPT and laboratory results. As
shown in Figure 5, the evolution of crater depth varied, but
overall reached 2.0 to 2.7 m. SPT and CPT results prior to
and after improvement are shown in Figures 2 and 3 re-
spectively. On the basis of the SPT and CPT results, the
depth of improvement is 6 to 8 m. For the pounder mass
and drop height used in the project, the empirical site coef-
ficient n is 0.3 to 0.4, which is consistent with other dynam-
ic compaction projects in fine silty soils (Lukas, 1995).

3 NUMERICAL MODELING

Dynamic compaction was numerically simulated with a 2-D
axi-symmetric model using the Finite Difference Code FLAC
(Itasca, 2005). The modeling space is illustrated in Figure 6.
In the vicinity of the pounder, 0.1x0.1 m zones are defined.
Zone size is increased with depth and horizontal distance
from the pounder up to 0.2x0.2 m at the edges of the con-
figuration.

In the stage of geostatic stress generation, horizontal dis-
placements were constrained along the lateral boundaries,
and both vertical and horizontal movement was restrained
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along the bottom boundaries. During dynamic loading, ver-
tical boundaries were allowed to move freely along the ver-
tical direction under the application of the loading sequence.

0F
05
,é. 1 - N\
€ b | TS
- A
'E F —+— Crater #119 \‘\ [
O 25 |~ —— Crater #185
- —— Crater #360 :r
3 - —a— Crater #811
01 2 3 4 5 6 7 8 9 10 11 12 13 14

Number of drops

Figure 5. Evolution of pounder penetration with number of
drops.

L =1.05m

pounder

-

H=12m

Ltotal = 12m

Figure 6. Mesh discretization with the pounder simulated
as a rigid steel body.

The pounder was simulated as an elastic rigid body on the
top of the grid, (Figure 6), with a width equal to 1.05 m,
upon which a velocity (loading) time history was applied.
The pounder was assigned properties of steel (mass density
p=7.85Mg/m?, Es=200,000kPa, v=0.2).

The loading sequence was simulated with a series of trian-
gular pulses of period T with a maximum impact velocity
imposed upon the rigid pounder. Recurrent pulses were
separated by intervals of zero loading. Maximum impact
velocity was initially computed based on the free fall equa-
tion. Parametric analyses were conducted for a combination
of velocity amplitudes and periods of triangular loading. The
baseline analyses were performed for 20 tamper drops of
period T = 0.1 sec, separated by a break time of 1 sec, and
an amplitude of 2.12 m/sec, as shown in Figure 7.

Soil response was simulated using a Mohr - Coulomb
elasto-plastic constitutive model. For this constitutive model
the following parameters are required: (i) bulk modulus
(kPa), (ii) shear modulus (kPa), (iii) friction angle (deg),

(iv) cohesion (kPa) and (v) dilatancy angle, also summa-
rized in Table 1. Dilatancy angle was considered zero
throughout the numerical simulation. The soil properties
before dynamic compaction were used in the analyses.
Based on the site characterization results, it was considered
reasonable to use uniform properties throughout the soil
profile (total thickness of 12 m). Local, nonviscous damping
of 5% was assumed for the baseline case. Parametric anal-
yses were also conducted to evaluate the sensitivity of the
results to the assumed damping value, which was found to
be significant.

T=0.1sec

Interval = 1sec

Imp_vel (m/s)

0 0.5 1 1.5 2 25
t (sec)

Figure 7. Applied loading sequence.
4 COMPARISONS
4.1 Evolution of ground settlements with number of drops

As shown in Figure 8, the permanent displacement time
history is generally similar in magnitude to the measured
crater depth time history of crater #360 located in the vi-
cinity of the SPT test location (F2N location in Figure 2). The
most significant difference is in the shape of the relation-
ship. The settlement time history from the model is linear,
as opposed to the hyperbolic relationship observed in the
field data. This difference is due to the manner by which the
loading input is simulated, the high energy input and the
lack of soil property updating during densification. The
crater depth (or settlement) at around 20 drops is, howev-
er, similar.
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Figure 8. Evolution of ground settlements with nhumber of
drops.

4.2 Evolution of shear and volumetric strains with number
of drops

The evolution of shear and volumetric strains with increas-
ing number of drops is qualitatively similar to the expected
strain contours during dynamic compaction. A strain bulb is
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observed that extends primarily with depth, but also lateral-
ly.

Shear strain evolution illustrated in Figure 9, indicates the
occurrence of excessive shearing in the vicinity of the im-
pact zone. Note that shear strain contours are shown up to
a maximum shear strain of 10%. Numerically calculated
strains that exceed 10% are shown as white-out areas.
Shear strains (1% or higher) appear to be extending up to a
depth of about 5 m and laterally reaching up to 3 m.
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Figure 9. Evolution of shear strain contours (%) around the
pounder after (a) 1% drop, and (b) 10" drop.

Similar results are observed in terms of the volumetric
strain contours, presented in Figure 10. Compressive strains
are observed in the soil below the tamper, whereas, heave
(i.e., negative volumetric strains) is developing at the edge
of the tamper already from the first drop. The area with
significant compressive strains has a width that is almost
twice the radius of the tamper, that is approximately 2 m,
and depth in the order of 4 m.

Depth of improvement is practically defined as the depth at
which no change in penetration resistance (and by exten-
sion, no change in the state of soil) is observed prior to and
after DC. In the numerical analyses, the depth of improve-
ment is evaluated based on the shearing and volumetric
strain distribution, given that a change in strain within a soil

TA NEA THZ EEEEI'M - Ap. 95 - OKTQBPIOZ 2016

should result in a change in soil properties. In this study, a
volumetric or shear strain threshold of 1% was used as the
criterion to define the depth of improvement. The depth of
improvement, in that case, varies from 4-6 m, which is
comparable to the 7 m that would be predicted for fine
soils, and the 6 to 8 m measured at the site.

Volumetric strain
contours (%)
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Figure 10. Evolution of volumetric strain contours around
the pounder after (a) 1st drop, and (b) 10th drop.

Additional parametric analyses were conducted to evaluate
the sensitivity of the results to the assumed material prop-
erties. It was found that a reduction in soil stiffness increas-
es the volumetric strains, whereas a higher friction angle
results in a larger volumetric strain bulb. In both cases,
shear strains extend deeper, indicating higher “depths of
improvement.” Although, the properties of the soil model
are not updated with increasing densification, the paramet-
ric analyses with increased shear strength indicate that the
“depth of improvement” may reach approximately 6.5 m.

The reasons for the smaller depth of improvement predicted
by the model are most likely associated with the definition
used to assess the numerical results as well as model limi-
tations that include: (a) modeling of the impact of the tam-
per on the ground with a velocity pulse with certain ampli-
tude and frequency characteristics; (b) simplifications and
limitations of the constitutive elastoplastic Mohr-Coulomb
model, e.g., the use of a constant modulus in the elastic
region, and the absence of material property updating dur-
ing densification.

5 CONCLUSIONS

A dynamic compaction project executed for the construction
of a motorway in southeastern Romania to reduce the col-
lapsible characteristics of loess deposits is presented. The
results of the ground improvement program are compared
to a numerical model that was employed for simulation us-
ing the available site characterization data. The simplified
model was able, in a qualitative sense, to predict the impact
of the energy (velocity) input on the loess deposits. The
shape of the volumetric and shear strain contours is gener-
ally reasonable. The model indicates significant changes in
the soil (in terms of volume and shear) below the tamper
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for a prescribed energy input. The results of the analyses
were sensitive to the values of the model input parameters;
hence, particular attention is required in their selection.
Overall, for the definition of “depth of improvement” used in
this study, the simulations indicated that it was about 4 to 6
m for the baseline case, which is comparable to a depth of
improvement of 7 m using the dynamic compaction equa-
tion and the 6 to 8 m measured in the field.
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Analyzing the reliability of predictive models for
earthquake-induced displacements of slopes

Analyse de la fiabilité des modéles de prédiction des
déplacements sismiques des pentes

S.D. Fotopoulou and K.D. Pitilakis

ABSTRACT The aim of the paper is twofold: first, to evalu-
ate earthquake-induced slope displacements using numeri-
cal dynamic analysis considering different real acceleration
time histories as input motion and varying the resistance
and the compliance of the sliding mass; then, to assess the
reliability of the numerical approach by comparing the nu-
merically calculated seismically induced slope displacements
with predictions using available Newmark-type empirical
models. In general the Newmark-type empirical models
predict comparable displacements, at least in the order of
magnitude, with the numerical analysis. The final goal of
this systemic analysis is to pave the road to a more reliable
analytical model to predict co-seismic slope displacements,
taking into account the most influencing parameters of the
problem and treating better the uncertainties involved.

1 INTRODUCTION

It has been shown that the magnitude of seismically in-
duced slope displacements presents good correlations with
observations of seismic performance of slopes (e.g., Jibson
et al. 2000), and thus it is considered a crucial parameter in
seismic design and hazard assessment. Typically, two dif-
ferent approaches of increased complexity are proposed to
assess permanent ground displacements in case of seismi-
cally triggered slides: Newmark-type displacement methods
and advanced stress- strain dynamic methods. Newmark-
type methods are based on the sliding block assumption
first proposed by Newmark (1965) providing an index of the
dynamic slope performance. Advanced stress-deformation
analyses based on continuum mechanics or discontinuum
formulations are more computationally expensive and may
be cost-ineffective for conventional design purposes. How-
ever, they are becoming attractive for complex critical pro-
jects providing approximate solutions to problems which
otherwise cannot be solved by simplified methods e.g. the
complex geometry including topographic and basin effects,
material anisotropy and non-linear behavior under seismic
loading, in situ stresses, pore water pressure built-up, pro-
gressive failure of slopes due to strain localization.

The aim of this study is two-fold: (a) to assess earthquake
induced slope displacements using numerical dynamic anal-
ysis by performing a comprehensive parametric study for
different slope geometries, soil properties and input motions
and (b) to compare the numerical results in terms of co-
seismic permanent slope displacements with available and
widely used empirical displacement based models.

2 NUMERICAL PARAMETRIC ANALYSIS

Two dimensional (2D) fully non-linear numerical analyses
are performed for idealized step-like slope configurations
applying the finite difference code FLAC2D (Itasca, 2011)
considering different real acceleration time histories as input
motion and varying the resistance and the compliance of
the sliding mass (characterized by the yield coefficient, k,,
and the fundamental period of the sliding mass, T, respec-
tively). In particular, 12 typical slope soil models are ana-
lyzed with varying geometrical characteristics, material
properties of the surface layer as well as strength and stiff-
ness of the potential sliding surface. Figure 1 describes the
layout of the problem under study whereas Table 1 summa-
rizes the analyzed models.

The discretization allows for a maximum frequency of at
least 10Hz to propagate through the grid without distortion.
A finer discretization is adopted in the slope area, whereas

towards the lateral boundaries of the model the mesh is
coarser. Free field absorbing boundaries are applied along
the lateral boundaries whereas quiet boundaries are applied
along the bottom of the dynamic model to minimize the
effect of trapped energy and artificially reflected waves. The
soil materials are modeled using an elastoplastic constitu-
tive model with the Mohr-Coulomb failure criterion (shear
yield) with tension cutoff (tension yield function), assuming
a non-associated flow rule for shear failure and an associat-
ed rule for tension failure.

free field

[}

h= 20,40 m Vs= 150, 250, 400 mis

free field ) _.r-'i'i‘;1 5°, 30°, 45° ' sand, clay

*li | Compliant Base
Seismic excitation

Figure 1. Layout of the problem under study.

Table 1. Analyzed models

h Soil properties (surface layer)

ky (m) i(%) Ts(s)  Model
0.05 40 45 Vs=400m/s, c=5KPa, ¢=44° 0.050 mS

’ 40 45 Vs=400m/s, c=50KPa, ¢=25° 0.300 mb6
01 20 45 Vs=400m/s, c=5KPa, p=44° 0.040 m3

20 45 Vs=400m/s, c=30KPa, ¢=25° 0.100 m4
20 30 Vs=250m/s, c=0.5KPa, ¢=37°0.032  ml
0.15 20 30 Vs=250m/s, c=15KPa, ¢=25° 0.130 m2
40 30 Vs=400m/s, c=30KPa, 9=25° 0.150  mll
02 20 15 Vs=150m/s, c=15KPa, ¢=18° 0.373 ml2
’ 40 15 Vs=150m/s, c=30KPa, ¢=18" 0.690  m7
0.25 40 15 Vs=150m/s, ¢=0.5KPa, 9=27°0.130 m8
40 30 Vs=400m/s, c=5KPa, 0=44° 0.040 m9

0.3 20 15 Vs=250m/s, c=15KPa, 9=24" 0.224  ml0

A small amount of mass and stiffness - proportional Ray-
leigh damping (3% for the soil materials and 0.5% for the
elastic bedrock) is also assigned to account for the energy
dissipation during the elastic part of the cyclic response.
Generic soil properties are considered based on the availa-
ble literature and engineering judgment. These are selected
to vary for the surface layer (see Table 1) while they are
kept constant for the intermediate clayed layer (Vs=500m/s,
c=50KPa, =27°) and the elastic bedrock (Vs=850m/s).

The initial fundamental period of the sliding mass (Ts) is
estimated using the simplified expression: Ts = 4H/V,,
where H is the depth and Vs is the shear wave velocity of
the potential sliding mass. The depth of the sliding surface
as well as the horizontal yield coefficient, k,, are evaluated
by means of pseudostatic slope stability analyses utilizing
the Bishop’s simplified method for the critical sliding sur-
face. It's worth noticing that a fixed value of k, is calculated
assuming that no significant strength loss is anticipated in
the slope soil material (e.g. no liquefaction or strain soften-
ing).

The dynamic input motion consists of SV waves vertically
propagating from the base. The seismic input applied along
the base of the dynamic model consists of a set of 40 real
acceleration time histories recorded on rock outcrop or very
stiff soil (soil classes A and B according to EC8) and derived
from the SHARE database (Seismic Hazard Harmonization in
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Europe, www.share-eu.org). The input accelerograms rep-
resent motions from moment magnitudes, Mw, varying from
5 to 7.62 recorded at epicentral distances, R, between 3.4
to 71.4 km with shear wave velocity at the first 30m, Vs 30,
between 602 to 2016 m/s. The input peak ground accelera-
tion (PGA) values range from 0.065g to 0.91g, the peak
ground velocity (PGV) values range from 3.1cm/s to
78.5cm/s and the mean period T, ranges from 0.16s to
1.14s. To obtain the appropriate input motion at the base of
the FLAC2D model, the selected time histories are first sub-
jected to baseline correction and filtering (f;=0.25Hz, f,=10
Hz) to assure accurate representation of wave transmission
through the model. Moreover, due to the compliant base
used in the model, the appropriate input excitation corre-
sponds to the upward propagating wave train that is taken
as one-half the target outcrop motion.

Prior to the dynamic simulations, a static analysis is carried
out to establish the initial effective stress field throughout
the model. It is noticed that only the cases that result to
nonzero displacement (=0.001m) due to seismic loading are
addressed. Thus, the number of dynamic analyses per-
formed for each model depends on the considered k, value
in relation to the PGA values of the selected input motions.
For instance, 40 dynamic analyses were carried out for
model m6 (k,=0.05, see Table 1) while only 13 analyses
were possible for model m10 (k,=0.3, see Table 1).

3 COMPARISON OF THE NUMERICAL APPROACH WITH
EMPIRICAL METHODS

The dynamic analysis results are extracted in terms of per-
manent horizontal displacements within the sliding mass for
the idealized step-like slopes, characterized by different
flexibility and resistance of the potential sliding surface.
Figure 2 presents the distribution of the computed numeri-
cal horizontal displacements that vary from very small val-
ues (smaller than 0.01m) to large ones (>1m). In total, 285
nonzero permanent horizontal displacements are calculated
for all considered analysis cases.
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Figure 2. Histogram of the computed numerical horizontal
displacements (for all models, N=285)

These displacements are then compared with the slope dis-
placement (D) predicted with four empirical models com-
monly used in earthquake engineering practice, namely the
conventional analytical Newmark rigid block model
(Newmark 1965), Jibson (2007) rigid block model, Rathje
and Antonakos (2011) decoupled sliding block model and
Bray and Travasarou (2007) coupled stick-slip sliding block
model.

The Newmark conventional analytical rigid block method is
used to predict average slope displacements obtained by
integrating twice with respect to time the parts of an earth-
quake acceleration-time history that exceed the critical or
yield acceleration, a. (k,-g) (i.e. threshold acceleration re-

quired to overcome shear soil resistance and initiate slid-
ing). The second approach is a simplified rigid block model
proposed by Jibson (2007), which predicts slope displace-
ment as a function as Arias intensity (I,) and critical accel-
eration ratio (a./PGA). This method was selected consider-
ing that Arias intensity was found to be the most efficient
intensity measure for stiff, weak slopes (Travasarou 2003).
The third method is a two parameter vector (PGA, PGV)
model proposed by Rathje and Antonakos (2011). This
model is often recommended for use in practice due to its
ability to significantly reduce the variability in the displace-
ment prediction (Saygili and Rathje 2008). For flexible slid-
ing, kmax (€.g. peak value of the average acceleration time
history within the sliding mass) is used in lieu of PGA and
k-velmax (e.g. peak value of the k-vel time history provided
by numerical integration of the k-time history) is used to
replace PGV. The last one is the Bray and Travasarou
(2007) model. In this model cumulative displacements are
calculated using the nonlinear fully coupled stick-slip de-
formable sliding block model proposed by Rathje and Bray
(2000) to capture the dynamic response of the sliding mass.
They use a single intensity parameter to characterize the
equivalent seismic loading on the sliding mass, i.e. the
ground motion’s spectral acceleration Sa at a degraded pe-
riod equal to 1.5T;, which was found to be the optimal one
in terms of efficiency and sufficiency (Bray 2007).

It is noted that Newmark method is an analytical rigid block
approach whereas Jibson (2007), Rathje and Antonakos
(2011) and Bray and Travasarou (2007) models are essen-
tially regression models of the analytical form of the rigid-
block, decoupled and coupled methods respectively. As
such, Newmark analytical method uses the entire time his-
tory to characterize the seismic loading as opposed to the
simplified methods of Jibson (2007), Bray and Travasarou
(2007) and Rathje and Antonakos (2011) that use one (I,
S.(1.5 Ts)) and two (PGA, PGV) intensity parameters re-
spectively. In this way, uncertainties (and potential biases)
associated to the selection of the ground motion intensity
parameters are limited in the Newmark conventional analyt-
ical approach. The herein models yield mean (Jibson 2007)
or median (Rathje and Antonakos 2011, Bray and
Travasarou 2007) values of seismic slope displacement
when the standard deviation is ignored. These median or
mean displacement values are used in this study for the
comparison with the herein calculated numerical displace-
ments. This comparison aspires not only to enhance the
reliability of the numerical analysis results but also to as-
sess the relative accuracy of the different displacement
based approaches with respect to the present a priori more
advanced numerical approach. It is noted that Newmark-
type methods capture the part of seismically induced dis-
placement attributed to the deviatoric induced deformation
while the corresponding part attributed to the volumetric
compression is not account for. This displacement due to
deviatoric deformation is largely horizontal (Bray and
Travasarou 2007) justifying the use of the horizontal (in-
stead of the vector) numerical displacement for the compar-
ison.

To derive the appropriate inputs for the Newmark-type
methods that include the effect of soil conditions, and to
allow a direct comparison with the numerical results, we
computed the acceleration time histories and the corre-
sponding intensity parameters at the depth of the sliding
surface through a one-dimensional (1D) non-linear site re-
sponse analysis using FLAC 2D considering the same soil
properties as in the 2D dynamic analysis (Figure 3). In par-
ticular, as for 2D analysis, 12 1D soil models are construct-
ed that are then subjected to the same recorded earthquake
motions described previously. It is noticed that the 1D soil
profile is located at the section that approximately corre-
sponds to the maximum slide mass thickness H of the po-
tential sliding surface (Section A in Figure 3). The maximum
slide mass thickness H (or otherwise the maximum depth of
the sliding surface), which is calculated by means of
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pseudostatic slope stability analysis for the critical sliding
surface, varies between 2 and 26 m for the different ana-
lyzed slope cases.

Section A
l:g::::iuln :7; fllil'l: free field Sectlon A
[ 10 soll profile
)
thmuxknum slide mass thickness

Bottom of the sliding
mass

Figure 3. Schematic view of the model used to perform the
1D dynamic analyses.
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Figure 4. Variation of PGA of the input accelerograms with
the corresponding calculated PGA at the depth of the sliding
surface

Figure 4 presents representative correlations between the
PGA of the input motions at the rock basement and the cor-
responding PGA at the depth of the sliding surface calculat-
ed via 1D dynamic analysis. A considerable variability with
respect to the considered site conditions (soil or rock) is
shown. A linear regression fit of the logarithms of the
PGA,rock - PGA,soil which minimizes the regression also be
derived for the other IMs. Such log-linear relationships
could be used in practice to calculate the required IMs for
soil conditions (e.g. at the bottom of the potential sliding
mass) given the corresponding IMs at the rock outcrop. The
latter parameters are normally more easily obtained from a
seismic hazard analysis.

Figure 5 shows a direct comparison between analytical
Newmark’s, Jibson (2007) Bray and Travasarou (2007) and
Rathje and Antonakos (2011) displacements with the hori-
zontal displacements calculated from the 2D dynamic nu-
merical analyses. It is observed that numerical displace-
ments generally are not inconsistent with the predicted
Newmark-type displacements enhancing the reliability and
robustness of the dynamic analysis results. However, a rela-
tively large dispersion in the displacement estimation is
shown. This dispersion is also displayed in Figure 6, which
presents the cumulative distribution of the difference (Dif-
ference (M) = Dnunericai-Dempirical) (Figure 6, top) and the rela-
tive difference

D -D
(Relative difference (%)= —meicel “empinical 1% )

numerical

(Figure 6, bottom) respectively between the numerical and
empirical slope displacements for each of the empirical slid-
ing block model. It is noted that for positive values of the
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difference and relative difference the empirical methods
underpredict the displacements derived from the numerical
analysis and vice versa.

100

Newmark
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Rathje and Antonakos (2011)
Bray and Travasarou (2007)
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Figure 6. Cumulative distribution of the difference (top)
and the Relative difference (%) (bottom) between numeri-
cal and empirical slope displacements for each of the empir-
ical sliding block model.

By examining the cumulative distribution functions we see
that Newmark analytical rigid block model and Rathje and
Antonakos (2011) decoupled model generally tend to pre-
dict smaller displacements compared to the numerically
derived ones. In particular, positive values of the difference
and relative difference in the displacement prediction are
presented for cumulative frequencies from around 20+30%
to 100%. On the other hand, Bray and Travasarou (2007)
coupled model may either overpredict or underpredict the
numerical displacements yielding positive values of the dif-
ference and relative difference in the displacement predic-
tion for cumulative frequencies from around 49% to 100%.

This is in line with the inherent coupled stick-slip assump-
tion adopted in the method that offers a conceptual im-
provement over the rigid block and decoupled approaches
for modeling the physical mechanism of earthquake-induced
slope displacement.

Finally, Jibson (2007) simplified rigid block model tends to
predict larger displacements compared the numerically cal-
culated ones dominated by negative predictions of the dif-
ference and relative difference for cumulative frequencies
up to 65%. The latter model is also associated with a very
large dispersion in the median displacement estimation with
respect to the numerical analysis compared to the former
ones. This dispersion is obvious in both the cumulative dis-
tribution of the difference and relative difference diagrams
resulting to differences and relative differences greater than
-500% for cumulative frequencies up to - 1m and 20% re-
spectively. This observation is in accordance with the find-
ings of previous researchers (e.g. Saygili and Rathje 2008)
confirming the author's recommendation regarding the
avoidance of using his regression equations for site-specific
applications where accurate estimates of displacement are
required for design purposes.

4 CONCLUSIONS

Within the framework of this study, earthquake induced
slope displacements were calculated using an advanced
numerical parametric analysis considering different slope
geometries, material properties and input motions. The
computed numerical displacements were compared with
some of the most widely used empirical Newmark-type dis-
placement procedures, namely the conventional analytical
Newmark rigid block model (Newmark 1965), Jibson (2007)
rigid block model, Rathje and Antonakos (2011) decoupled
sliding block model and Bray and Travasarou (2007) cou-
pled stick-slip sliding block model. Relatively good correla-
tions were observed enhancing the reliability of the numeri-
cal analysis results. However, a large dispersion in the dis-
placement estimation is shown. Generally, it is seen that
the simplified empirical models displayed greater variability
with respect to the numerical analysis compared to the ana-
lytical Newmark method. The results highlight the need for
the development of a more reliable analytical model to pre-
dict co-seismic slope displacements, taking into account the
most influencing parameters of the problem and treating
more rigorously the uncertainties involved.
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Pile response to lateral spreads: analysis of ul-
timate soil pressures

Réponse d’un pieu a I'’écoulement lateral: Analyse des
pressions de sol ultimes

Y.K. Chaloulos, G.D. Bouckovalas and D.K. Karamitros

ABSTRACT Recent experimental results suggest that availa-
ble methods for the design of piles under liquefaction-
induced lateral spreading may underestimate soil pressures
and lead to un-conservative solutions. Due to this evidence,
the kinematic interaction between single piles and liquefied
ground has been thoroughly examined by means of 3-D
numerical analyses and new empirical relations are estab-
lished which take into account the dilative soil response at
the upper part of the pile and the associated increase of pile
reaction. Example application of the new relations shows
that the aforementioned effect becomes important for lique-
fiable soils with relatively low permeability (e.g. fine, silty
sands).

1 INTRODUCTION

Pile damage due to soil liquefaction and lateral spreading
first drew the attention of the Geotechnical Community in
the 1964 Niigata earthquake. Currently, pile design against
such phenomena is performed with the “"Beam on Nonlinear
Winkler Foundation” method, alternatively known as the p-y
method. Namely, the pile is simulated with beam elements,
while soil-pile interaction is modeled through horizontal
Winkler springs which follow a certain force displacement
law (p-y curve). Under these conditions, lateral ground dis-
placements are imposed at the fixed end of the springs.

It is realized that the accuracy of the simulation mainly de-
pends on the nonlinear force-displacement relationship
adopted for the Winkler springs. Thus, it is no surprise that
a large number of studies, mostly experimental, have been
dedicated to the investigation of the parameters that affect
the shape of p-y curves, as well as to the development of
empirical correlations for their evaluation. The majority of
the existing correlations are based on relations for non lig-
uefied soil [e.g. (API 2002)], while the effects of liquefac-
tion are incorporated either through appropriate reduction
factors [e.g. Brandenberg et al. (2005)] or through empiri-
cal correlations for the residual strength of the liquefied soil
[e.g. Cubrinovski and Ishihara (2007)]. In either case, the
pursued reduction is solely related to the relative density
(Dr) of the sand.

Nevertheless, there are recent experimental data [e.g.
Tokimatsu and Suzuki (2009)] which imply the effect of
additional parameters, such as the properties of the pile
itself (bending stiffness, installation method, head con-
straints), as well as, the insitu drainage conditions. Along
the same line, Gonzalez et al. (2009) provide experimental
evidence for the potential development of negative excess
pore pressures near the head of the pile, caused due to
shear-induced dilation of the liquefied soil during its flow
around the pile.

In view of the above, the problem of pile response into lat-
erally spreading ground was revisited by means of 3-D nu-
merical analyses, and a new set of empirical relations was
proposed to evaluate appropriate p-y curves form pile de-
sign. The main assumptions and findings of this study are
summarized herein, while a more detailed presentation is
given by Chaloulos et al. (2013) and Chaloulos et al.
(2014).

2 NUMERICAL METHODOLOGY
The 3-D mesh built to simulate the problem is shown in

Figure 1: a single pile, rigidly fixed at the tip, is installed in
a uniform, fully saturated and slightly inclined layer of Ne-

vada sand. Both drilled (reference case) and driven piles are
considered, while the head of the pile is either free (refer-
ence case), rigidly fixed or with restricted rotation. In total
26 parametric analyses were performed for the following
pile, soil and excitation characteristics: diameter D=0.4-
1.0m, bending stiffness EI=1.3e5 - 9.75e6 kNm2, relative
density Dr=25-70%, soil permeability k=1.8x10° - 1.8x103
m/s and harmonic excitation period T=0.20-0.50sec.
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Figure 1. 3D mesh and parameters considered in the par-
ametric investigation.

Note that, when one of the problem parameters is varied,
all other are kept equal to their reference values i.e.
D,=50%, k=6.1x10-5m/s, D=0.60m, EI=1.3e6 kNm? and
T=0.30s. In addition, it is clarified that the analyses investi-
gating diameter effects were performed by uniformly scaling
all mesh dimensions shown in Figure 1.

The basic aspects of the numerical simulation are the fol-
lowing:

(a) All analyses are performed with the finite difference
code FLAC3D v4.0. A major advantage of this code is that it
allows coupling between effective stress analyses and pore
fluid flow, as well as the use of user-defined advanced con-
stitutive models through a special C++ plug-in option.

(b) In this context, sand response under dynamic loading
and liquefaction was simulated via NTUA Sand constitutive
model (Andrianopoulos et al. 2010; Papadimitriou and
Bouckovalas 2002), Karamitros (2010). NTUA Sand incorpo-
rates the critical state theory of soil mechanics and is cali-
brated against monotonic and cyclic tests performed on
specimens of Nevada Sand.

(c) Contact (slip and separation) elements are used to
simulate the pile-soil interface. The use of interface ele-
ments is essential to accurately capture the relative soil-pile
movement which largely controls the aforementioned devel-
opment of negative excess pore pressures near the pile
head.

(d) Soil inclination is modeled by introducing in the mesh a
horizontal component of the gravity vector, while the lateral
constraints of the saturated infinite slope are simulated
through a new type of boundary conditions. The new con-
cept is based on the well-known tied-nodes method proper-
ly modified to account for the fact that the water table re-
mains horizontal, thus yielding a hydrostatic pore pressure
surplus at the downslope free-field boundary.

(e) The response of driven piles was simulated by incorpo-
rating Vesic’s (1972) analytical solution for the calculation
of stresses around cylindrical cavities. The analytical meth-
odology was calibrated against axisymmetric plane strain
numerical tests simulating the expansion of pie slices of
Nevada Sand, and subsequently implemented in the analy-
sis through a special subroutine.

The overall performance of the numerical methodology was
verified against the centrifuge test results of Gonzalez et al.
(2009), as shown in the comparisons of Figure 2 and Figure
3.

TA NEA THZ EEEEI'M - Ap. 95 - OKTQBPIOZ 2016

ZgAida 23



80
ra.z=1m 1
40 F =
0 —
—— Numerical <
E i — Experi[nental:-
=z 80 P B A 111 1
é LI I L I L I LI LI )
o

PN TR A
T

_40 i 11 1 I L1l l L1l I 11 1 L1 I L1l I L1l I 11
0 02 04 06 0O 02 04 06 08
Y = Vi - Yp (M)

Figure 2. Experimental and numerical p-y predictions.
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Figure 3. Excess pore pressure ratio contours at the end of
shaking: (a) experimental recordings, (b) numerical predic-
tions.

3 IMPROVED P-Y CURVES FOR LATERALLY SPREADING
GROUND

3.1 Nonlinear shape of p-y curves

Typical p-y curves obtained from the baseline analysis are
shown in Figure 4 for two different depths along the length
of the pile (red line). It can be observed that despite the
fact that soil response during each loading cycle exhibits
hardening, the average (end of cycle) response through the
entire excitation reveals softening.

Hence, taking also into account previous studies for non-
liguefied sands (e.g. Det Norske Veritas 1980; Georgiadis et
al. 1992), as well as laterally spreading soils (e.g.
Brandenberg et al., 2007; Cubrinovski and Ishihara, 2007;
Tokimatsu and Suzuki 2009), the following hyperbolic func-
tion was introduced to analytically describe the average p-y
curves (black line in Figure 4):
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Figure 4. Adjustment of a hyperbolic curve on the numeri-
cally obtained p-y curve for the estimation of ultimate soil
pressure.

(1)

where p (kN/m) is the soil pressure, yr (M) is the relative
pile-soil displacement, kiniiq (KN/m?) is the initial subgrade
modulus coefficient and puriq (kN/m) is the ultimate soil
pressure.

3.2 Initial subgrade modulus coefficient, Ki;

Best-fit values for Kin,iq and puriq were subsequently ob-
tained for the whole set of 26 analyses and 8 depths along
the pile, through a trial-and-error procedure. Interpretation
of the results revealed that the most consistent average fit
of the numerical p-y curve is obtained assuming that Kin,iq is
approximately equal to one-half of the corresponding value
for the nonliquefied case (Kinifirm), i.€.:

k/'ni,/iq =12 k/'ni,firm (2)

Note that kin,iq does not represent the elastic (small strain)
stiffness of the soil, but a secant stiffness at very small (in
the order of some millimeters) pile-soil displacements. This
rather simplifying assumption is adopted herein taking into
account that pu,iq, Which is the focus of the present study,
is reached early during shaking, so that the initial stiffness
of the p-y curve becomes of secondary importance. Along
the same direction, Dobry et al. (2003) recommend the
apply directly putiq on the pile rather than performing a
complete p-y analysis in order to assess the response of the
pile.

3.3 Ultimate soil pressures, puiiiq
Interpretation of the numerical results with regard to the

ultimate soil pressures, puiq, revealed that they are
uniquely related to the excess pore pressure ratio of the soil
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close to the pile (ryie). For relatively low permeability soils,
the latter can obtain large negative values close to the
ground surface, as a result of soil dilation induced by the
large pile-soil relative displacements, whereas it approaches
unity (liquefaction) for middle and large depths, where the
relative displacements are small. Graphically, this variation
is demonstrated in Figure 5 where the normalized ultimate
pressures pui,iio/ (0'vo D) are correlated with 1-r pie.
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Figure 6. Relation between py,ie/(0"vo D) and (z/L) for the
whole set of analyses.

Towards the development of a simple empirical relation,
Figure 6 correlates the values of putie/(0'v0 D) with the
length ratio z/L, obtained from the baseline analysis. Math-
ematically their relation can be described as follows:

(3)

The coefficients A, B and C above depend on the soil, pile
and excitation characteristics and can be evaluated as fol-
lows, based on the results of the parametric analyses:

A = 0.045 . Dr(%)o.Q LTS5 (k.104)0'06 (4)

B = 1.35 exp[-0.023 D,] . T°% .
(k.10%)°11_ exp[1.3D] (5)

C = 0.063 exp[-0.025 D,].[(k.T)/D]°
.min[(EL.10°%)°3, 8.6.(EL.10°°)%4] (6)

In physical terms, coefficient A reflects soil resistance at
large depths, where the excess pore pressure ratio is close
to unity, thus its value is related to the mechanisms that
govern the residual strength of the liquefied soil. On the
other hand coefficient C represents soil resistance near the
ground surface, i.e. in areas with pronounced dilation and
large soil pressures. Finally, note that the effect of pile head
constraint and installation method was minor on the overall
response and was not incorporated in the relationships.

The accuracy of the proposed relationships is evaluated in
Figure 6a, where analytical predictions are one-to-one com-
pared with the numerical results, and in Figure 7b which
shows the relative error. In both figures different symbols
are used for the upper part (where ry<0.0), for the mid-
dle part (where ri.=0.0-0.5) and for the lower part of the
pile (where rype>0.5). The agreement is fairly consistent
with less than 50% relative error for 95% of the data.

100 g -

— a

= /

= o y
30 F bi i i

- /Q?)
10 - S

- g

- Z.

4 ile<0
7 s ¢ Tupile

Pult,liq/ ('vo D)
(analytical predictions)
w

1 /, (upper part)
= Vs 0 <ru,pile < 0.5
- d (middle part)
0.3 ¥ e a Tu,pile>0.5
A/ (Iorler part)
0.1 ol ol 3o

0.1 0.3 1 3 10 30 100
Pult,liq/ (®'vo D)
(numerical data)

2
" b.
16 |— A .
o B A a,aa @ 3’
12 5 ®
. E
508 [ P.;
g n
A - A _ _ 2 C o _ _ _ _
0.4 =l S
0 u | |I|I||I| | ||||I||| 11 1 il

01 02 05 1 2 5 10 20 50 100
Pult,lig’ (@'vo D)
(numerical data)

Figure 7. Evaluation of analytical relationships: (a) one-to-
one comparison; (b) relative error.

4 CONCLUDING REMARKS

The major contribution of the proposed relationships is that
they can capture the dilative response of the soil at the up-
per part of the pile and the subsequent increase in soil
pressures. To appreciate the practical significance of this
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finding, the proposed relations are compared with the wide-
ly used methodologies of Brandenberg et al. (2007),
Cubrinovski and Ishihara (2004, 2007) and Tokimatsu and
Suzuki (2009). Note that the latter were developed based
on data from centrifuge or shaking table tests, and do not
make explicit reference to dilation phenomena.

The comparison is shown in Figure 8a, in terms of predicted
ultimate soil pressures for a typical concrete pile with length
L=8m, diameter D=0.60m and bending stiffness
EI=190000kNm? installed in a uniform sand layer with rela-

Pult,lig/ (O'vo D)

Pile Displacements (m)

tive density Dr=50%. The friction angle and the buoyant
weight of the sand were taken equal to ¢=33° and
y'=9.81kN/m? respectively, while the empirical relationships
were applied for excitation period T=0.30sec.

~

The equivalent SPT blow count was estimated as (N')eo-cs
11 (Tokimatsu and Seed 1987). The predictions by
Brandenberg et al. are shown as a range for values of the
reduction multiplier mp,=0.05 and 0.165, while the assumed
reduction factor for Tokimatsu kar Suzuki was B=0.10 (for
z<10m).
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Figure 8. Effect of permeability and dilation on (a) ultimate soil pressures; (b) pile displacements; and (c) pile bending mo-

In order to investigate potential dilation effects, predictions
with the proposed methodology are shown for two soil per-
meability coefficients: k=3.05 x 10-3 m/s, e.g. representa-
tive for sand-gravel mixtures, and k=6.1 x 10-5 m/s, e.g.
representative for silty sands. Given that existing methodol-
ogies do not account for permeability effects, their predic-
tions independent of k. The comparison reveals the follow-
ing:

(a) The proposed and the existing relationships are in good
agreement for cases where no significant dilation is ex-
pected, i.e. at large depths and large permeability coeffi-
cients.

(b) On the contrary, when significant dilation occurs, i.e. at
small depths and low permeability coefficients, the existing
methodologies significantly underestimate soil pressures.

The previous observations are further verified in Figure 8b
and 8c which compare pile displacements and bending mo-
ments respectively. Namely, observe that pile head dis-
placements and maximum bending moments for the low
permeability case are increased by approximately 5-6 and 4
times relative to the predictions for high permeability, as
well as the predictions with existing methods.
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Avoiding Whales in Anaerobic Digesters
Ian D. Peggs, P.E.

In 2014, shortly after being placed in service, one of two
geomembrane-lined and covered anaerobic digesters gen-
erated extensive whales—"bubbles” in the lining system.
Attempts to remove the apparent gas from under the cover
were made unsuccessfully until it was realized that the cov-
er was being uplifted by gas under the liner. Within two or
three days, there were whales several meters high in the
cover.

The liner had leaked, microbiological action in the leaked
water had continued, biogas was generated under the liner,
but the gas venting grid strips had been filled with water,
and the biogas could not be vented. The whales formed
instead.

ANAEROBIC DIGESTERS AND WASTEWATER

Many waste water treatment plants (WWTP) are adding
anaerobic digesters to the process stream for the genera-
tion and collection of biogas for power generation. They are
quite common in the food and meat processing industries.
These lagoons and basins have a bottom geomembrane
liner and a floating cover or a ballasted low-dome cover.
Biogas is collected in a piping system inside the periphery of
the system at the crests of the slopes/walls. Many of these
lagoons have experienced whales as biogas develops and
collects under the bottom geomembrane.

In the case noted here, two reactors were built side by side,
one after the other. They were simple 150 x 100 m rectan-
gular ponds with 3H:1V side slopes. They were lined with a
single 1.5 mm thick high-density polyethylene (HDPE)
geomembrane on a nonwoven geotextile cushion. They had
ballasted low-dome covers. Filling commenced in June. By
September, a whale was spotted.

Despite efforts to remove the gas build up, roughly 30% of
the surface area wound up covered with whales. At this
point the pond was taken out of service. The second reactor
showed no signs of whales.

The affected liner was removed for dewatering, desludging,
and degreasing. Pipe penetrations and other risk points
were carefully examined in the search for how and why the
bubbles had formed.

DESIGN AND INSTALLATION ISSUES

Several of the pipe penetrations in the slope liner—including
sludge withdrawal pipes—needed to be placed along the
floor. A strap over the pipe was welded to a patch and the
patch welded to the liner to hold the pipe in place. Straps
were placed about every 3 m. The pipe penetrations
through the liner were located approximately half way up
the slopes. The design of the pipe boot seal at the open end
of the pipe was unusual.
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The two steel straps will not form a seal without gaskets
and it is difficult to imagine the straps exerting sufficient
compression by the geomembrane on the gasket midway
between them to effect a seal, especially when the straps
are not tightened and provide leakage pathways.

When the boot is slipped over the pipe it should be a close
fit to avoid wrinkles under the clamps. The inner strap will
be attached first. Then the flexible gasket will have to be
pushed between pipe and boot in such a way that it does
not bend/kink and so that cut ends overlap evenly or butt
tightly together or that a good scarf joint is made. This will
probably be impossible. Then the outer strap has to be add-
ed in such a way that the geomembrane between the straps
exerts sufficient uniform bridging compression on the gas-
ket to make a seal. This is also probably impossible to do.
The liner installer recognized this problem and tried to rem-
edy it by cutting holes between the straps and injecting a
caulk in the void space between geomembrane and pipe
between the two straps.

When the seal was disassembled and sectioned, it was evi-
dent that the caulk was not uniformly distributed, that
bonding to the PVC pipe was better than to the HDPE, and
that leakage had occurred as shown by the dirt on the
caulk/HDPE interface. Very little will bond with HDPE.

There were two more undesirable features of the pipe
boots. Excessive wrinkling of the boot occurred along the
pipe, and a neat fold/pleating effect of the excess skirt ma-
terial was observed above the pipe. Since HDPE
geomembranes are susceptible to stress cracking, project
specifications usually require that the geomembrane be in
intimate contact with the subgrade in order that it acts sole-
ly as a barrier and not as a load-bearing member of the
lining system. Therefore, wrinkles and folds are most unde-
sirable.

With this installation, several of the pipe boots had torn
along the weld between the upper and lower parts of the
boot under the pipe.

There were also tears in the liner at the corners of a patch
to which a pipe strap was welded. Certainly the pipe needs
to be restrained to prevent it moving and damaging the
liner, but to do that by attaching it to the liner seems coun-
terproductive. At the very least, the patch should have been
welded to the liner around its full periphery, not just at the
corners where the liner has been highly stressed.

There were two short cracks/tears along the edge of a patch
extrusion weld at the toe of slope which when removed re-
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vealed a geocomposite vent strip to be full of sludge. The (October 20, 2016,

vent strips were unable to transmit gas. http://www.geosynthetica.net/designing-anaerobic-
) - digesters-whales)
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The net result of the liner inspections was that there were
many holes in the geomembrane liner through which water
was leaking into the subgrade. The geocomposite vent
strips became clogged with sludge and full of water, so they
would not vent the biogas that continued to be generated
under the liners. Whales formed.

Even though the geocomposite drain/vent strips were
sloped towards a central drain, the system was again
clogged which prevented venting of the gas. However, the
second reactor appeared to be working satisfactorily which
may reflect a lower more manageable leakage rate. Howev-
er, there is no guarantee that the second liner will not suffer
whaling.

SOME SOLUTIONS

As seen in this case and with a number of other anaerobic
digesters, a grid pattern of geocomposite strips might not
be effective in venting biogas from the leak detection sys-
tem. Of course, it helps if the geomembrane can be in-
stalled such that it does not leak in the first place. Extrusion
welds should not overheat the liner causing it to be locally
oxidized and to be deformed with many stress concentrating
notch geometries. All grinding marks/gouges should be cov-
ered by weld extrudate, and there should be no more than
two welds in any one location.

This is a matter of using an experienced design engineer, an
experienced liner installer, and a knowledgeable CQA firm.
And the final phase of CQA should be to perform a
geoelectric integrity survey on the liner to assure a mini-
mum number of holes and cracks that might leak.

In anaerobic digesters, leaks often occur at pipe penetra-
tions. As such, every effort should be made to avoid pene-
trations. If they cannot be avoided, they should be support-
ed by concrete thrust blocks or something equivalent. There
must be a means of removing leaked water very quickly and
an effective venting system to remove any biogas generat-
ed under the liner.

%k

Ian D. Peggs is principal of I-CORP INTERNATION-
AL, www.geosynthetic.com. A full version of this article was
published in the GeoAmericas 2016  Proceedings.
GeoAmericas was held in April 2016 in Miami. The confer-
ence was hosted by the International Geosynthetics Society
North American Chapter. Learn more about the event and
acquire a copy of the three-volume digital proceedings
at www.geoamericas2016.org.
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Natural Sheet Piling

A natural phenomenon from the dawn of
time could well be the ultimate substitute
for standard sheet piling. A seal is created within a
few hours. This is the story of bog iron.

by Janneke Ijmker
Image Janderzel

When iron-rich groundwater comes into contact with oxy-
gen, dams and nuggets with a rusty brown colour form in
the ground: bog iron. In prehistoric times, our ancestors
made grateful use of it to produce cast iron. By today's
standards, the metal isn't pure enough but researchers Wim
de Lange, Jos Vink, Rob Zwaan and Marco de Kleine have
thought of a modern application for bog iron. Not by mining
it but precisely by using a smart method to inject it into the
ground.

Iron injection

Bog iron is - at least in theory - an ideal way of making un-
derground sheet piling. There is no digging and the ap-
proach is environmentally friendly and invisible. 'The iron-
rich liquid goes to where you want the sheet and it only
goes to work once it's there,' says project manager Wim de
Lange. In that sense, it resembles the existing injection
technology with sodium silicate or water glass. Unfortunate-
ly, that technique produces highly alkaline results and it
isn't environmentally friendly. 'It's like injecting ammonia
into the soil,' says Jos Vink, the team's chemical expert. So
bog iron is preferable: it is something that is already
present in the ground. But how do you make it, and how do
you get it into the right place in the right form?

Search

There is actually only one drawback to the idea: it really is
difficult to adjust the interaction between the rate of the
chemical reactions, spreading the injection fluid and block-
ing off the soil. And that process can also be affected by
local conditions, as was seen during every step of the
search that began in the Deltares chemical laboratory,
Utrecht Castel, where Jos Vink and his colleagues looked at
a range of mixtures to see how they blocked off the soil and
tested them at the centimetre scale. A mixture was then
tested in a glass container measuring 2 m* to see how it
worked in real soil. 'You see the bog iron forming as you
watch,' says researcher Rob Zwaan in his laboratory. 'It's a
beautiful process.

“the

Once this step was completed, the next challenge was: how
can you spread the mixture evenly across a large surface
area? Wim de Lange: 'We insert a large number of lances -
they're like big syringes - into the soil. We induce ground-
water flows between two rows of lances and the groundwa-
ter can only move in one direction between the lances. Then
we inject the iron-rich water. In the future, we will be using
several rows of lances that will move along canals or roads
like a roller with the aim of installing a large sheet of bog
iron beneath the surface.’

Rolling in the deep

Then it was time to prove that the idea actually worked on a
large scale. The team of researchers tested the 'roller' in a
trial with three tons of injection material in a 2.5-metre-
deep, 40-square-metre container in the laboratory in Delft.
The engineering firm Hektec designed a special plant for
making the mixtures and injecting the right amounts into
the ground. There was also an opportunity to conduct tests
in natural conditions when a pond had to be enlarged in the
Veluwe area of the Netherlands. The researchers wanted to
show that you can do this by extending the impermeable
layer below the pond using bog iron.

Those experiments identified a new challenge: you can't, of
course, see anything below the ground. Marco de Kleine and
his team therefore designed a monitoring system to watch
the injection of bog iron. 'We can now pinpoint the location
and the spread of the new bog iron. So we know immedi-
ately whether the job has been done right.’

Application

The team is now waiting to put the idea into practice. There
are numerous possibilities. Flows of groundwater into con-
struction pits can be reduced. Bog iron can also be used to
deepen canals and roads. Injecting bog iron is more envi-
ronmentally friendly than sodium silicate and water glass
and it may, depending on the situation, be significantly
cheaper than traditional sheet piling. Wim de Lange gives
an example: 'Let's say a canal has to be made wider and
deeper to accommodate larger and taller ships. If you don't
want to replace all the bridges, you have to lower the water
level. But then the groundwater level will be lower on either
side of the canal. Homes and nature areas alongside may
subside or dry up and that is certainly not a good idea. We
think bog iron could be a great option here.'

More information:

wim.delange@deltares.nl

e
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The development of bog iron in the test set-up.
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International Society for Soil Mechanics and
Geotechnical Engineering

Prediction event ISSMGE TC212 B.E.S.T.
Hello all,

I believe you will be interested in taking a look at the Pile
Prediction event that I am in the process of organizing in
connection with the forthcoming 3rd CFPB in Santa Cruz,
Bolivia,(www.cfpbbolivia.com) scheduled for April 27 - 29.
The event comprises a series of static loading pile tests at
the ISSMGE TC212 B.E.S.T. site. I have described the de-
tails of the site, tests, and prediction submission in the at-
tached document. I hope that you will be interested in sub-
mitting a prediction and, also, that you will give me a hand
with spreading the news by disseminating the invitation
amongst those on your own contact list. (Some of the ad-
dresses I direct this message to may also be included on
such lists. I apologize if you are bothered by receiving more
than one copy of the message).

Four single piles of the same embedment length, 9.5 m, are
included in the prediction event. The piles differ in width
and type: a 620-mm bored pile, a 450-mm CFA-pile, a 450-
mm FDP pile, and a 220-mm FDP pile. The latter has a an
Expander Base (EBI) at the pile toe that is inflated to 300-
mm diameter after the pile is constructed. The soil profile
consists of a silty compact sand and has been explored us-
ing conventional boreholes (SPT) with lab tests, CPTU-
soundings, Pressuremeter test, and Dilatometer tests. Peo-
ple who register intent to submit predictions on the pile-
head load-movement curves and capacity for each test will
receive a Prediction Package that will contain all necessary
soil and pile information.

A loading test will also be carried out on a pile group con-
sisting of thirteen 220-mm diameter FDP piles at 3 diameter
c/c joined with a rigid pile cap. The prediction participants
are asked to predict the response of the center pile and a
corner pile.

The prediction effort is a part of a large field study involving
soil in-situ exploration tests, head-down and bidirectional
pile tests, and dynamic pile tests to demonstrate the state-
of-the art and practice of analysis of the response and de-
sign of single piles and pile groups with regard to settle-
ment and load distribution.

I will send the prediction package that includes site and soil
information and submission template to all who register
intent to submit a prediction at:

{https://secure.webforum.com/form/cfpbolivia/form.asp?si
d=709626496},

Best regards,
Bengt

Bengt H. Fellenius, Dr.Tech., P.Eng.
2475 Rothesay Avenue

Sidney, BC, Canada

V8L 2B9

e-address: Bengt@Fellenius.net
Web site: www.Fellenius.net
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Geosynthetics International Gives Free Access
to Best Papers

Annual, editor-selected “Best Of” papers from Geosynthetics
International are available for free access online. Thomas
Telford Ltd’s division ICE Publishing—part of the UK-based
Institution of Civil Engineers—has published up to three
from each calendar volume going back to 2010.

Visit the “Editor’s Choice” page on the journal’s website.

Members of the International Geosynthetics Society
(IGS) have free digital access to Geosynthetics Internation-
al, but the open sharing of these honors-earning papers is a
tremendous service to the larger geosynthetics and ge-
otechnical engineering field.

Geosynthetics International is a Top 5-rated geotechnical
journal in the world (as tracked by SCImago). ICE Publish-
ing arranges institutional subscriptions. If you have aca-
demic or professional libraries in your daily research or
work which are not already subscribed, recommend to the
librarians that they contact sales@icepublishing.com.

GEOSYNTHETICS INTERNATIONAL BEST PAPERS

2015

e Fox, P. J. & Stark, T. D.
State-of-the-art report: GCL shear strength and its
measurement - ten-year update (Best paper)

e Take, W. A., Brachman, R. W. I. and Rowe, R. K.
Observations of bentonite erosion from solar-driven
moisture migration in GCLs covered only by a black
geomembrane (second best paper)

2014

e Kuwano, J., Miyata, Y. & Koseki, J.
Performance of reinforced soil walls during the 2011

Tohoku earthquake

e Blanc, M., Thorel, L., Girout R. and Almeida, M.
Geosynthetic reinforcement of a granular load transfer
platform above rigid inclusions: comparison between
centrifuge testing and analytical modelling
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e Abdelaal, F. B., Rowe, R. K. and Brachman, R. W. 1.
Brittle rupture of an aged HPDE geomembrane at local
gravel indentations under simulated field conditions

For access to 2010 - 2013, please use the links provided on
the journal’s Editor’s Choice page via ICE Publishing. Those
papers are as follows:

2013

e Rowe, R. K., Abdelaal, F. B. & Brachman, R. W. I.
Antioxidant depletion of HDPE geomembrane with sand
protection layer

e Tanyu, B. F., Aydilek, A. H., Lau, A. W. Edil, T. B. &
Benson, C. H.
Laboratory evaluation of geocell-reinforced gravel
subbase over poor subgrades

e Lim,S.Y. & McCartney, J. S.
Evaluation of effect of backfill particle size on installation
damage reduction factors for geogrids

2012

e Chappel, M. 1., Rowe, R. K., Brachman, R. W. I. & Take,
W. A.
A comparison of geomembrane wrinkles for nine field
cases

e Munoz, H., Tatsuoka, F., Hirakawa, D., Nishikiori, H.,
Soma, R., Tateyama, M. & Watanabe, K.
Dynamic stability of geosynthetic-reinforced soil integral
bridge

e Yee, T. W. & Lawson, C. R.
Modelling the geotextile tube dewatering process

2011

e Brandl, H.
Geosynthetics applications for the mitigation of natural
disasters and for environmental protection

e Fox, P.J., Ross, 1.D., Sura, J.M. and Thiel, R.S.
Geomembrane damage due to static and cyclic shearing
over compacted gravelly sand

e Rowe, R.K., Rayhani, M.T., Take, W.A., Siemens, G. and
Brachman, R.W.I.
GCL hydration under simulated daily thermal cycles

2010

e Zornberg, J. G., Bouazza, A. & McCartney, J. S.
Geosynthetic capillary barriers: current state of
knowledge

e Kongkitkul, W., Tatsuoka, F., Hirakawa, D., Sugimoto,
T., Kawahata, S. & Ito, M.
Time histories of tensile force in geogrid arranged in two
full-scale high walls

e Mendes, M. J. A., Touze-Foltz, N., Palmeira, E. M. &
Pierson, P.
Influence of structural and material properties of GCLs
on interface flow in composite liners due to
geomembrane defects

Learn more about Geosynthetics International:
http://www.icevirtuallibrary.com/journal/jgein

Learn more about the International Geosynthetics Society
(IGS) and its chapters at www.geosyntheticssociety.org.

(Chris Kelsey, October 27, 2016,
http://www.geosynthetica.net/geosynthetics-international-

best-papers-access)
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Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€G pnopoUv va avalntnbouv oTta nponyoUueva TeUXn Tou
«repIodIKoU» Kal OTIG NapaTIBEPEVEG I0TOTEAIDEG.

NEMO International Conference Probing the Santorini vol-
cano for 150 years / AiBvég ouvedpio NEMO 150 xpovia
MEAETNC ngalgTeiou Tng ZavTopivng, 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

3rd Annual Underground Infrastructure & Deep Foundations
UAE, 13 - 15 November 2016, Dubai, United Arab Emirates,
www.undergrounduae.com

Risk Management in Underground Construction, November

14-16, 2016, Florida University, USA,
http://undergroundriskmanagement.com/agenda

5™ International Conference on Geotechnical Engineering
and Soil Mechanics, 14-16 November 2016, Tehran, Iran,
www.icgesm2016.ir

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, Is-
tanbul, Turkey, www.tbmdigsturkey.org

International Seminar on Roads, Bridges and Tunnels, 18-
24 November 2016, Thessaloniki, Greece,
http://isrbt2016.civil.auth.gr

GEOTEC HANOI 2016, The 3™ International Conference on
Geotechnics for Sustainable Infrastructure Development,
24-25 November, Hanoi, Vietnham, www.geotechn.vn

TUNNELLING SUMMIT - Pinpointing project opportunities
and exploring innovation in tunnelling, 7-8 December 2016,
London, U.K., https://tunnelling.newcivilengineer.com

5™ International Conference on Forensic Geotechnical Engi-
neering, 8-10 December 2016, Bangalore, Karnataka, India,

http://5icfge.com

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

MPM 2017 - First international conference on the material
point method for Modelling Large Deformation and Soil-
Water-Structure Interaction, 10 - 13 January 2017, Delft,
The Netherlands, http://mpm2017.eu

International Workshop on “Advances in Multiphysical Test-
ing of Soils and Shales”, 18-20 January 2017, Villars, Swit-
zerland, http://atmss.epfl.ch

ICNCGE-2017 International Conference on New Challenges
in Geotechncial Engineering, 23 January 2017, Lahore, Pa-
kistan, www.pges-pak.org/home/icncge-2017

Tunnelling Asia' 2017 - Design, Construction and Risk Man-
agement in Underground Construction : Issues & Challeng-
es, 9 - 10 February, 2017, Mumbai, India, sunil@cbip.org;
cbip@cbip.org; www.cbip.or

International Congress and Exhibition HYDROPOWER
CASPIAN AND CENTRAL ASIA, 15-16 February 2017, Thilisi,
Georgia, www.hydropowercongress.com

4th Arabian Tunnelling Conference & 20th Gulf Engineering
Forum - Advancing Underground Space, 21-22 February
2017, Dubai, UAE, www.atcita.com

AFRICA 2017 - Water Storage and Hydropower Develop-
ment for Africa, 14-16 March 2017, Marrakech, Morocco,
www.hydropower-dams.com/AFRICA-2017.php?c id=89

3rd Annual Urban Underground Space & Tunnelling, 27th-
29th March 2017, Singapore, http://isocarp.org/events/3rd-
annual-urban-underground-space-tunneling

Instrumentation and Monitoring Conference 2017 - Innova-
tion, best practice and projects, 29- 30 March 2017 | In-
marsat, London, U.K., https://monitoring.geplus.co.uk

2" International Conference on Geotechnical Research and
Engineering (ICGRE'17), April 3 - 4, 2017, Barcelona, Spain,
http://icgre.or:

IS - Sdo Paulo 2017, 9th International Symposium on Ge-
otechnical Aspects of Underground Construction in Soft
Ground, April 4 and 5 2017, Sdo Paulo, Brazil, www.is-

saopaulo.com

Southeast Asian Conference and Exhibition in Tunnelling
and Underground Space 2017 (SEACETUS 2017) - Innova-
tion and Sustainable Underground Space Development, 18 -
19 April 2017, Subang Jaya, Selangor, Malaysia,
nora@iem.org.my

EURO:TUN 2017 IV International Conference on Computa-
tional Methods in Tunneling and Subsurface Engineering, 18
— 20 April 2017, Innsbruck, Austria, www.eurotun2017.com

SEE TUNNEL 2017 Zagreb 7th International Symposium on
Tunnels and Underground Structures in South-East Europe,
May 4-5, 2017, Zagreb, Croatia, www.promovere.hr

YSRM2017 & NDRMGE 2017 Challenges and Innovations in
Rock Mechanics and Engineering, 10-13 May 2017, Jeju
Island, South Korea, www.ysrm2017.com

TechnoHeritage 2017 3rd International Congress Science
and Technology for the Conservation of Cultural Heritage,
May 20-23, 2017, Cadiz, Spain,
http://technoheritage2017.uca.es

EPS’'17 5% International Conference on the Use of EPS
Geofoam Blocks in Construction Applications, 22-24 May
2017, Istanbul, Turkey, www.geofoam2017.0rg

Rapid Excavation and Tunneling Conferrence, June 4-7,
2017, San Diego, USA, www.retc.org

IV International Course on Geotechnical and Structural
Monitoring, June 2017, Rome, Italy,
www.geotechnicalmonitoring.com/en

PRF 2017 Progressive Rock Failure, 5-9 June 2017, Ascona,
Switzerland, www.prf2017.ethz.ch

EAgs - EurAsian Geotextiles Symposium 2017, 07 - 08 June
2017, Beijing, China, www.edana.org/education-
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events/conferences-and-symposia/event-detail/eurasia-
geotextiles-symposium-2017

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, 20-22 June
2017, Ostrava, Czech Republic, www.eurock2017.com

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

85th Annual Meeting of International Commission on Large
Dams, July 3-7, 2017, Prague, Czech Republic,
www.icold2017.cz

6th International Conference on Coupled THMC Processes in
Geostystems, 5-7 July 2017, Paris, France,
https://geoproc2017.sciencesconf.org

10th World Congress on Water Resources and Environment
"Panta Rhei", 5-9 July 2017, Athens, Greece,
http://ewra2017.ewra.net

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

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

ICTUS17 The 2017 International Conference on Tunnels and
Underground Spaces, 28 August 2017 - 1 September 2017,
Seoul, Korea, www.i-asem.org/new_conf/asem17.htm

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

SIFRMEG 2017 Shaoxing International Forum on Rock Me-
chanics and Engineering Geology, September 20, 2017,
http://forum.hmkj.com.cn/index.php/Index/show/tid/20

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 2 - 7 October 2017, Cape Town, South Africa,
WWW.Ssaimm.co.za/saimm-events/upcoming-events/afrirock-
2017

Geotechnique Symposium in Print 2017 Tunnelling in the
Urban Environment, http://www.icevirtuallibrary.com/pb-
assets/Call%?20for%?20Papers/Geo-Symposium-CFA-AW. pdf

HYDRO 2017 Shaping the Future of Hydropower, 9-11 Oc-
tober 2017, Seville, Spain, hydro2017@hydropower-
dams.com

GeoAfrica 2017 3rd African Regional Conference on Geosyn-
thetics, 9 - 13 October 2017, Morocco,
http://geoafrica2017.com

30 MaveAAnvio Zuvedpio ®paypdTwyv Kal TaulieuThpwy - Ala-
xeipion '‘Epywv kal MpoonTikeg AvanTtuéng, 12 - 14 OkTwppi-
ou 2017, ABnva, www.fragmata2017.gr

o3 D

XIII International Conference
“Underground Infrastructure of Urban Areas

2017”
24-26 October 2017, Wroclaw, Poland
http://uiua.pwr.edu.pl/?lang=en

The aim of conference is to create a forum in order to de-
velop an exchange of experiences and provoke a discussion
on the topics related to building of tunnels and underground
infrastructure in the cities. The issues such as geotechnical
tests and town planning could also be brought up in this
forum. The discussion on various problems related to un-
derground infrastructure such as tunnels (traffic and railway
tunnels, and underground), water and sewage ducts, gar-
ages, and subways is anticipated. It is hoped that the pos-
sibilities of using an underground space associated with
town planning and modernization of cities will be analysed
as well. The important inspirations for the conference are
starting the construction of the road tunnel on the way to
Zakopane and studies on the design of tunnel in
Swinoujsécie. The organizers wish to involve a wide body of
people from different sectors. Scientists, investors, design-
ers, contractors, and students have different point of view
and thus possibly varying opinions. It is hoped that the
analysis and the comparison of these different views will
allow drawing a fruitful conclusions. The subject matter of
conference is very crucial and up-to-date due to a current
need for adjusting underground infrastructures to nowadays
standards and requirements. The impact of these structures
on the environment and the principles of sustainable devel-
opment have to be considered nowadays.

CORRESPONDENCE ADDRESS

Wroctaw University of Technology

Institute of Civil Engineering

50-370 Wroctaw, Wybrzeze Wyspianskiego 27,
with a postscript:

“Underground Infrastructure of Urban Areas 2014"”

CONFERENCE INFORMATION

Marta DUDEK (webmaster) marta.dudek@pwr.edu.pl

Andrzej KOLONKO
Tel.: 0048 71 320 29 14, Mobil Tel.: +48 507043537
e-mail: andrzej.kolonko@pwr.edu.pl

Arkadiusz SZOT
Tel. 0048 71 320 3466, Mobil Tel.: +48 606639424
e-mail: arkadiusz.szot@pwr.edu.pl

o3 O

PARIS 2017 AFTES International Congress "The value is
Underground", 13-16 November 2017, Paris, France,
www.aftes2017.com

o3 D
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WTC 2018
Dubai

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

o3 O

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

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

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

Fax: +7 (812) 328 86 76

E-mail: trushko@spmi.ru

(C-fR-0)

16th European Conference on Earthquake Engineering
(16""ECEE), 18-21 June 2018, Thessaloniki, Greece,

www.l6ecee.org

CPT’18 4th International Symposium on Cone Penetration
Testing, 21-22  June 2018, Delft, Netherlands,

www.cptl8.org

o3 D

RockDyn-3 - 3rd International Conference on
Rock Dynamics and Applications
26-27 June 2018, Trondheim, Norway

Sem Sealands veg 1

749 Trondheim

Norway

Telephone: +47 98630706
E-mail: charlie.c.li@ntnu.no

O3 D

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

11th International Conference on Geosynthetics (11I1CG), 16
- 20 Sep 2018, Seoul, South Korea, www.11icg-seoul.org

O3 D

ARMS10
10th Asian Rock Mechanics Symposium
ISRM Regional Symposium
29 October - 3 November 2018, Singapore
www.arms10.org

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

o3 O

14th ISRM International Congress
20-27 September 2019, Foz de Iguacgu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura

E-mail: fontoura@puc-rio.b

O3 D

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

Organizer: TC101

(C- 4R -0
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The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
1%t - 6" September 2019, Reykjavik Iceland
www.ecsmge-2019.com

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

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

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

Opening Earth
Sinkholes: The Groundbreaking Truth

EvTunwolakég eikdveg kal video and sinkholes kar aAAeg
€dagikéc Bpalosic kal anoondacuata ano To BIBAio "Earth
Changes and the Humen-Cosmic Connection - The Sectret
History of the World - Book 3", oUp@wva pe To onoio ol
sinkholes aAAd kal n osiopIKA KAl ngaioTsiakn dpaotnpioTn-
Ta oQEiAOVTal OTOV NAEKTPIGHO ...

Something is happening to the ground beneath our feet.
The earth is literally opening up.

Before 2010, sinkholes were a relatively uncommon phe-
nomenon. Now they are appearing almost daily.

Sinkholes (1105) :: 01 Jan 2010 — 22 Nov 2015
SOURCE: SOTT.NET

But why so many sinkholes and why now? In a word...
ELECTRICITY. Strange it may sound. The Electric Universe
Theory, or Plasma Cosmology, can account for this unprec-
edented phenomenon.

Number of Events

Plasma cosmology sees the universe as a giant electric mo-
tor being driven by the exchange of charged particles.

Gravitational systems are the ashes
of prior electrical systems.

Which explains the mechanical and electromagnetic forces
responsible for sinkhole formation.

Sinkholes are usually explained away by ruptured under-
ground water pipes or gradual soil erosion. Even in places
where no such piping exists. While standard scientific theo-
ries may account for a few, they do not explain ones like
these:

Ll
Nor can it account for the vast number of new sinkholes
forming around the globe.

Here is a simple illustration of the electromagnetic and me-
chanical forces behind sinkhole formation.

The activity of the sun is directly related to the rotational
speed of the earth. The more energy that is produced by
the sun, the faster the earth spins.

Like an electric motor, there is a charged potential differ-
ence that drives our planet rotation.

The sun is currently in a period similar to the Maunder Min-
imum with very low solar activity.
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Low solar radiation means less positively charged protons
reaching the upper atmosphere of the earth.

The potential difference between the positively charged up-
per atmosphere and the negatively charged earth decreas-
es, resulting in a slowdown of the earth's rotation.

A slower spin causes the earth to become les oblong like an
oval and more circular like a sphere.

The induced mechanical stress causes deformations result-
ing in cracks, cavities and fissures.

There is also a potential difference between the earth's
crust and the core and because the upper atmosphere is
now less positive, it also attracts less electrons from inside

TA NEA THZ EEEEI'M - Ap. 95 - OKTQBPIOZ 2016

the earth to its surface, thus decreasing the potential differ-
ence between the surface and the core.

This potential difference acts as a binder of the planet pull-
ing the surface and the core together.

When the potential difference drops, the earth's crust be-
comes loose. creating pockets of space beneath the surface.
The stress on the crust produced by these two combined
mechanical and electrical forces results in an increase in
earthquake activity.

The loosening of the earth's crust produces cracks and
openings resulting in an increase of volcanic activity and,
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lastly, the subterranean space created by the loosening, 3 ™
results in the increased formation of sinkholes.

Sinkholes are not an isolated phenomenon. They are also

related to earthquakes, volcanoes, tsunamis, strange . . .
sounds and extreme weather. This is only the beginning. Ta 6gpéAia Tou MUpyou Tou Eiffel
For more information ...

https://www.youtube.com/embed/TLUgEXI9RYI?rel=0

o3 D

‘Thinking soil’ made of bacteria could keep
buildings from collapsing

It can be quite costly, even catastrophic, when the land
under a building subsides. But genetically engineered mi-
crobes may one day keep that from happening if research-
ers in the United Kingdom are successful. Inspired by un-
dergraduates who made a concrete-repairing bacterium—
dubbed Bacilla Filla—for a synthetic biology competition
(https://2010.igem.org/Team:Newcastle), a biodesigner
and his colleagues have been pushing hard to develop
biocement, a material that custom-built soil microbes would
produce in response to the changing pressures in soil to
help shore up the ground under foundations. Toward that
end, the team grew a common gut bacterium in surrogate
soil—a “hydrogel” shaped into a cylinder. They subjected
the bacteria-laden hydrogel to pressures up to 10 times that
experienced at sea level. They identified 122 bacterial genes
that increased their activity by at least threefold by the
pressure change. The team then modified the bacterial ge-
nome so that the regulatory DNA responsible for activating
one of these genes was attached to a gene for a protein
that glows when produced. The more pressure exerted on
the microbe, the more intensely it glows
(http://www.synbio.construction/2016/07/11/computational
-colloids-project-at-acadia-2016), the scientists will report
29 October at the Association for Computer Aided Design in
Architecture conference in Ann Arbor, Michigan. In addition,
at the meeting, they will describe a computer program that
predicts how the microbe will react to forces, such as water
pressure, transferred through soil under a building founda-
tion (as depicted in the illustration). Eventually the re-
searchers plan to replace the glowing protein gene with
genes that make biocement, creating a “thinking soil” that
will keep buildings safe and be a self-constructing founda-
tion. The effort is part of a growing movement to incorpo-
rate biology into architecture, they note.

(Elizabeth Pennisi / Science, 27 October 2016,
http://www.sciencemag.org/news/2016/10/thinking-soil-
made-bacteria-could-keep-buildings-collapsing)
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ENAIA®EPONTA -
AOINA

Ev3I1aQEPOVTEG YEWAOYIKOI OXNHATIOHOI avd Tov
KOOGHO

TeAikd n @uUon pnopei va Eenepaoel PEPIKEG QPOPEG KAl TNV
nio akpaia ¢pavraacia...

To =ZnnAaio Twv KpuoTdAAwv, Me§iko

O1 OTAAAKTITEG KAl Ol OTAAAYHITEG MOU MNEPIEXEI UNOPoUV va
@TaooUV Ot PEyEBOC MoAukaTolkiag kal €ival yakpav ol Je-
yaAUTepol KpUaTaAAol nou €ids NoTe avOpwnog.

O1 NepinAaveopeveg NéTpeg, Racetrack Playa, KoiAada
Tou @avdarou

Ol NETPEG AUTEG (aivovTdl va NeEPINAAV@VTAlI HOVEG TOUG
otnv ayovn auth KoilAada, aervovTag niow ypaupég oTo
€da@og. O1 enioTpoveEG avapepouv OTI 0 NAYog Nou oxnua-
TieTal yUpw anod TIG NETPEG TOUG XEIMEPIVOUG WNVEG TIG KAVEI
va yAuoTtpouv.
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To Mam TnG Zaxapa, Maupitavia

M'vwaoTo Kal w¢ Pixar, poidlel ue €éva uati pe SiapeTpo 50 xi-
NOUETPpWV. AOYW Tou pey€éBoug Tou eival opato and To did-
oTnHa, T600 Nou ol aoTpovauTeG To XpnoigonoloUv oav on-
Meio avagopag. ExkTiparar 6T o aépag kai To vepd éxel dia-
Bpwoel og J1aQopeTIKO BABOG TO £daPOC dNUIOUPYWVTAG
auTo To eKNANKTIKO B€aua.

O1 Naywpévol NMipyol Tou BouvoU ‘EpeBoG, AVTAPKTIKA

To 6pog 'EpeBog €ival To nio Bepud PEPOG OTNV NAYWHEVN
nneipo kabwg ekei Bpiokeral To povo evepyo neaiorteio. H
KOPUPN TOU, Ot UWOWETpo 3.794 peETpa, kaAlnTerar anod
€KATOVTAJEC EKMANKTIKOUG NAaywpévoug nUpyoug Mou Ouve-
XWG EKMNEUNOUV aTPoUg aTov oupavo. O aTuog naywvel Yeoa
oToug MUPYoUC Kal odnysi oTnv €mEKTAON Kal €niPAKuUvon
TWV NUPYWV, NOU PTAVOUV O UWoG nepinou 20 PETPWV.
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To Movonar Tou lNiyavra, Bopeia IpAavdia

AnoTeAeiTal ano nepioodtepeg and 40.000 nPAIOTEIOYEVEIG
Kal BpaxwdeIC oxNUATIONoUG oav Kioveg. O BpUAOC Aésl OTI O
yiyavtag Finn McCool €pTia&e auto To povondTi yia va Byel
MéXPI TN BAAacoa TNG SKWTIAG yia va ouvavTioel Tov avTi-
nalo Tou Benandonner. O1 €nIOTAPOVEG AEve OTI OxXNUaTi-
oTnke and ekpogg AGBag nepinou 60 ekaToppupla Xpovia
npiv.

Ta Anopeivapia Evog ®uocikoU MupnvikoU AvTiSpaocTh-
pa, Frkapnov

Mpiv ano 2 dioekaToppUpia Xpovid, O auTd To PUOIKO Opu-
XEi0 oTn AuTIKR AQpIKN, "AeIToupyoUoe" €vag QuoikdG nupn-
VIKOC avTiIdpacTnpacg nou €ixe oupavio. daiveral nwg AsITo-
upyouoe yia nepioooTepa and 150.000 xpovia kai otn didp-
kela TN (wAG Tou napryyaye T6on evépyela o6on Ba 1coduva-
Houoe o€ 100 peyaTdvoug NUpnVIKOV BopuBV.

To Movonart Tessellated oto Aaigoé Tou ZTAUPAETOU,
Taopavia

Map' 0TI Ba €Aeye Kaveig OTI KATI TEToI0 dev Ba unopouaos va
dnuioupynBei xwpic avbpwnivn napgupaon, eivar 100% @u-
O1KOG OXNUATIOPOC. EXNUATioTAKE npiv anod 60 £wg 160 eka-
ToHuMUpIa Xpovia Aoyw d1aBpwaong Tou €3AaPoud.

H NMaywpévn ZnnAida Tou Eisriesenwelt, Meppavia

... 1 AANIOG "0 KOOMOG TWV YIYAvTwyv Tou nayou" gival n nio
YVWOTH onnAid PHE NAyoug OToV KOOHO.

Pamukkale - O NMUpyog Tou BapgBakioU, Toupkia

To Ovopa Tou To neplypdgel yAapupa "O MUpyog Tou Bap-
Bakiol". Moialel iowg pe ndyo aAAd oTnv npaypatikoTnTa
gival ahata Ta onoia KataAnyouv o€ eEAIPETIKA KAUTEG AiVEG
nAoUolieg o HETAAAIKA OTOIXEIa Kal aAaTa.

ZokoAaTtéviol Aogoi, DIAinniveg

MapoAo nou ol Aogol ival kaTd Bacn Npdacivol, o€ Nepiddoug
avouBpiag To XOPTO PETATPENETAI O KAPE Kal €Tl 0T’ aAn-
Beia o1 Mool poialouv pe gokoAdrta. O1 Aogol autoi Bpi-
okovTal oTic ®IAInniveg kal anapiBpouvTal yUpw otoug 1300.
O TpOMNOG PE TOV OMOIOV OXNMATIOTNKAV OUVEXIZEl va anoTe-
A&l guoTApIo akOun Kal CnUeEpa. YRApXouv MoAAEC Bewpieg
OXETIKA HE TO NWG dnuIoupyndnkav.
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KupaTtiotog Bpaxog, Auctpalia AvTIAONNG. To avwTepo papdyyl ovoualeral Tse' bighanilini,
nou onuaiver “To PEPOG nMou To vepd dianepva Toug PBpa-
XO0UG,” evw) To XauNnAOTEpPO (papayyl ovopdaleral Hasdestwazi,
dnAadn “oneiposideic awideg Bpaxou.” To gapdyyl oxnuari-
OTNKE ano pia d1aBpwon Twv Bpdxwv nou EAaBe xwpa Aoyw
EaQVIKNG NANUUUPAG aAAd pe Tnv Ndpodo Tou XPOvou ol
akpeg Aslavlnkav Pe anoTéAeoua va dnuioupynBei éva anod
Ta nio opoppa aflobéara aTov KOOUO.

H nUAn ™G k6Aaong, IoAavdia

O KUMaTIoTOG Bpaxog nnpe To 6voua Tou and To oxAua Tou,
nou poladel pe TepdoTIoO WKEAVO £TOINO VA 0APWOEl TA NAVTA
oTo népacpa Tou. BpiokeTal kovrta otnv noAn Hyden otn
AuTIKA AuoTpaAia.

To KUpa, Hvwpéveg MoAiTeieg

To pIkpd vNnai 0To TEAOG TOU KOOHUOU CUYKEVTPWVEI €vav We-
yailo apibpd and BavuaTta TNG eUONG, KUpiwg AdYw TwV
neaioTeiwv Tou. H NUAN TnG kOAaong, 1 Namaskar 6nwg To
anokaAouUv ol IoAavdoi, gival pia opdda neaioTteinwv nou anod
navw TOUC alWpPEITal CUVEXWC aTHOC nepIKAgiovTag Ta, akpl-
Bwg onwg n kOAaon nepliypa®eTal oToug HUBouc. MapoAa
auTd, av anopacicsTe va enICKEPOEITE To PEPOC dev Ba ou-
VavTnoeTe TNV KOAacon, aAAa Tov eniyeio napddeico.

Salar de Uyuni, BoAiBia

BpiokeTal otnv Apildva, kovta ora cuvopa pe Tn MNouTa. To [
nAikiag 190 ekatoppupinv eT®v Balpa Tng GUONG oXNUaTi- @z_
OTNKE ano aPpPoOAOPOUC NOU PETATPANNKAV £NEITA o€ Bpaxo. ey o e

To @apayyi TnG AvriAonng, Hvwpéveg MoAiteieg

To Salar de Uyuni Bpioketal oTig Avdelg TnG BoAiBiag kai
anoteAoloe Tn PeyaAUTepn Aipvn anod aAdTti otov KOopo. H
Aipvn €xel &epabei €dw kal NOAAG Xpovia UE anoTéEAeoua va
€xel dnuioupynBei éva cupnayeg ilnua and aAdaTi nou nepi-
AapBavel 1o 50- 70% Twv NAyKOooUIwv anoBseudtwv AlBiou.
QoT000, dev €ival auTOG 0 AOYOG MouU TO KEPOG auTo eival To-
oo didaonuo. Kata tn didpkela TnG nepiddou Twv Bpoxwy, To
VEPO TNG Aidvng dnuioupyei Tov PeYaAUTEPO KABPEPTN NAvw
otn yn. Mnopsi dnAadn kanolog va d€l Tov oupavo Kai Ta
oUvvepa KATw and Ta nodia Tou Kal va VOIWdel oav va nep-
natd navw oc autd. Mapd To yeyovog OTI €ival éva anopo-
VWHEVO HEPOG, NpooeAKUEl NOAAOUG ToupioTeG and OAo Tov
KOOHO.

To @apayyl TNG AvTIAGNNG anoTeAei avau@ioBATnTa €va ano
Ta nio noAuwToypapnuéva pepn otig HMA. BpiokeTal Tono-
BeTnuévo otn yn Twv Ivaidvwv Napaxo otnv Apifova. =Tnv
nEAyuaTikoTnTa, undpxouv duo EexwpioTa ¢apayyla Tng
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MNérpivo dacog, Mayadaokapn

To néTpivo 3Aocog, n “ekei mou Oev UMOPEIG va MEPNATNOEIG
EunoAuTog” ONWCE ol VTOMIOlI XapakTNPIOTIKA AEve, BpiokeTal
oTo €0VvIKO nApko Tng Mayadaokdapng Tsingy de Bemaraha.
To dacog anoTeAsi PEpog TNG Maykoouiag KAnpovopidag xapn
OTO YEYOVOG OTI €kei QIAo&eveiTal évag peydAog apiBuodg ei-
dwv uno eEagavion. Ta “dévtpa” Tou ddcoug anoTeAolv
noAo €AENG yia noAAoug ToupioTeg and OAo0 Tov KOGHO Mou
€MIOKENTOVTAl TO Napadeigevio vnai Kabe xpovo.

H ZnnAia ®ivykaA, ZkoTia

Moialsl pe kaBedpikod vaod. 'Exel BaBog nepinou 75 pETpa
Méoa oTo Bpaxo kal BpiokeTal OTIG QUTIKEG AKTEG TNG SKWTI-
ac. >Tn Biktwplavn gnoxf ATav €€alpeTika dIGONPOC Toupl-
oTIKOG NPOOoPIoHOG ToV onoio €ixe eniokePBei kal n Baoihiooa
TG AyyAiag, BikTwpia.

H MeydAn MnAe TpUna, Kevrpikf AHEPIKNA

H peyaAn pnAe Tpuna oto MneAil €ival naykooping yvwaoTn
WG €va 10avikd PEPOG yia kaTaduoelg. H oxedov TEAEla Ku-
KAIKR| Tpuna oTtov oTn BdAacoa €ival KOPPATI TNG aTtoAng
Lighthouse Reef kai £xel 450 pérpa Badocg.

http://www.news.gr/perivallon/planhths-

gh/article/79375/0i-10-pio-periergoi-geologikoi-

shhmatismoi-ston.html

http://lefteria.blogspot.qa/2015/09/10 8.html
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FEQTEXNIKEZ
EMNIZTHMEZ

TBM Excavation in Difficult
Ground Conditions: Case Studies
from Turkey

N. Bilgin, H. Copur, C. Balci

The book relates experience of TBM
drives in difficult geology, making
use of case studies from Turkey to
demonstrate the influence of the local geotechnical condi-
tions on the selection of a tunnel boring machine and the
selection of tools. There is an extensive description how
various geological phenomena, such as for example transi-
tion zones, dikes, rock discontinuities, blocky ground,
squeezing ground, swelling clays and high strength and
abrasive rocks, can reduce the advance rate and what coun-
termeasures can be introduced. There is also a discussion of
necessary advance probing and safety measures. Since the
presented practical experience from Turkey can also be ap-
plicable for other tunnel projects in difficult geology, the
book represents a valuable source of knowledge for every
tunneler.

(WILEY / Ernst & Sohn, November 2016)

Reliability of Geotechnical
Structures in 1S02394

K.K. Phoon, 1.V. Retief

The latest 4th edition of the interna-
tional standard on the principles of
reliability for load bearing structures
(IS02394:2015) includes a new
Annex D dedicated to the reliability of geotechnical struc-
tures. The emphasis in Annex D is to identify and character-
ize critical elements of the geotechnical reliability-based
design process. This book contains a wealth of data and
information to assist geotechnical engineers with the im-
plementation of semi-probabilistic or full probabilistic design
approaches within the context of established geotechnical
knowledge, principles, and experience.

The introduction to the book presents an overview on how
reliability can play a complementary role within prevailing
norms in geotechnical practice to address situations where
some measured data and/or past experience exist for lim-
ited site-specific data to be supplemented by both objective
regional data and subjective judgment derived from compa-
rable sites elsewhere. The principles of reliability as pre-
sented in 1S02394:2015 provides the common basis for
harmonization of structural and geotechnical design. The
balance of the chapters describes the uncertainty represen-
tation of geotechnical design parameters, the statistical

characterization of multivariate geotechnical data and model
factors, semi-probabilistic and direct probability-based de-
sign methods in accordance to the outline of Annex D.

This book elaborates and reinforces the goal of Annex D to
advance geotechnical reliability-based design with geotech-
nical needs at the forefront while complying with the gen-
eral principles of reliability given by I1S02394:2015. It
serves as a supplementary reference to Annex D and it is a
must-read for designing geotechnical structures in compli-
ance with 1S02394:2015.

Features

e provides interpretation and application of general princi-
ples of ISO 2394 to geotechnical design

e serves as an informative supplement to 1ISO02394 Annex
D Reliability of geotechnical structures

e provides valuable authoritative statistical data and relia-
bility models needed for any code calibration

e provides efficient methods for reliability analysis and
design

e provides a systematic process for deriving reliability
based design procedures whilst fully taking account of
the unique character of geotechnical design

e resulting overall in a significant advancement in reliabil-
ity based geotechnical design practice

(CRC Press, September 12, 2016)

Landslides and
Engineered Slopes

y

Landslides and Engineered
Slopes. Experience, Theory and
Practice

Proceedings of the 12th Inter-
national Symposium on Land-
slides (Napoli, Italy, 12-19 June
2016)

Stefano Aversa, Leonardo Cascini, Luciano Picarelli,
Claudio Scavia (ed.)

Landslides and Engineered Slopes. Experience, Theory and
Practice contains the invited lectures and all papers pre-
sented at the 12th International Symposium on Landslides,
(Naples, Italy, 12-19 June 2016). The book aims to empha-
size the relationship between landslides and other natural
hazards. Hence, three of the main sessions focus on Vol-
canic-induced landslides, Earthquake-induced landslides and
Weather-induced landslides respectively, while the fourth
main session deals with Human-induced landslides. Some
papers presented in a special session devoted to "Subareal
and submarine landslide processes and hazard” and in a
“Young Session” complete the books.

Landslides and Engineered Slopes. Experience, Theory and
Practice underlines the importance of the classic approach
of modern science, which moves from experience to theory,
as the basic instrument to study landslides. Experience is
the key to understand the natural phenomena focusing on
all the factors that play a major role. Theory is the instru-
ment to manage the data provided by experience following
a mathematical approach; this allows not only to clarify the
nature and the deep causes of phenomena but mostly, to
predict future and, if required, manage similar events. Prac-
tical benefits from the results of theory to protect people
and man-made works.
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Landslides and Engineered Slopes. Experience, Theory and
Practice is useful to scientists and practitioners working in
the areas of rock and soil mechanics, geotechnical engineer-
ing, engineering geology and geology.

(CRC Press, June 6, 2016)

Rock Dynamics: From Research
to Engineering

Proceedings of the 2nd Interna-
tional Conference on Rock Dy-
namics and Applications

Haibo Li, Jianchun Li, Qianbing
Zhang, Jian Zhao

Rock Dynamics: From Research to Engineeringis a
collection of the scientific and technical papers presented at
the Second International Conference on Rock Dynamics and
Applications (RocDyn-2, Suzhou, China, 18-19 May 2016).
The book has four sections. The first section contains 8
keynote papers, covering a wide range of dynamic issues
related to rock mechanics and rock engineering, from rock
failure mechanism and stress wave propagation to seismic
behaviour and impact. Section 2 includes papers on rock
dynamic theory and numerical modelling, focussing on theo-
retical aspects of rock fracture dynamics, wave propa-
gation, numerical methods and numerical modelling works.
Papers on laboratory testing and experimental techniques
are collected in Section 3, including new testing facilities,
data monitoring and data analysis. Section 4 deals with
case studies and engineering applications, and presents
state-of-the-art papers on rock engineering related to dy-
namic conditions such as earthquake and blasting.

Rock Dynamics: From Research to Engineering will
serve as a must-have reference, presenting the results of
recent developments in rock dynamics scientific research
and rock dynamics engineering applications.

(CRC Press, April 19, 2016)
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HAEKTPONIKA
NMEPIOAIKA
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http://www.geoengineer.or eonews139.html

KukAogpopnoe 1o Teuxog #139 Tou Newsletter Tou Geo-
engineer.org (OkTwBpiou 2016) pe MOAAEG XPNOIMEG MAN-
popopieg yia OAa Ta BepaTa TNG YEWHNXAVIKAG. YnevOupile-
Tal oTI To Newsletter ekdidsTal anod Tov cuvAdEAPO KAl HEAOG
Tng EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

EvOeIKTIKA avagépovTal:

e Earthquake Measuring 6.9 Strikes Papua New Guinea

e Project Summary in the city of Memphis about Riverside
Drive Slope Stabilization

e Colima Volcano in Mexico Erupts Causing Evacuations

e DFI Releases Report from Workshop on Quality Assur-
ance for Post-Grouted Drilled Shafts

e Combining geological modelling and BIM for infrastruc-
ture

e Energy Plant Dam Collapses Due to Flooding in North
Carolina (video)

e Shallow 5.3 Magnitude Earthquake Strikes Greece

e Simple post-processing to estimate hydraulic conductivi-
ty and water table elevation

e Bridge Collapse in Indonesia Leaves 8 Dead

(C-fR-0)

International Journal of Geoengineering Case Histories

Journal of the International Socety for Sail Mechanics and Geotechnical Engineering

The International Journal of Geoengineering Case Histories,
an official Journal of the International Society for Soil Me-
chanics and Geotechnical Engineering (ISSMGE), is pleased
to launch its third issue of its third volume. This is a special
issue with Case Histories on geotechnical challenges from
Singapore, organized by the Geotechnical Society of Singa-
pore and edited by Prof. Siau Chen Chian and Prof. Kok
Kwang Phoon.

Papers published in this refereed journal are freely available
in color and are accompanied by databases that include the
electronic data presented in the paper as well as additional
figures (as necessary). The locations of the case histories
are also positioned in a downloadable Google Earth data-
base, also available in GeoMap.

The Special Issue includes the following papers:

e Cham, W. M. (2016). Singapore Case Histories on Per-
formance of Piles Subjected to Tunnelling-Induced Soil
Movement. International Journal of Geoengineering Case
Histories, Volume 3, Issue 3, pp. 128-148, doi:
10.4417/1JGCH-03-03-01

e Goh, K. H., Ng, S.S.G., and Wong, K. C. (2016). Case
Histories of Bored Tunnelling Below Buildings in Singa-
pore Downtown Line. International Journal of
Geoengineering Case Histories, Volume 3, Issue 3, pp.
149-161, doi: 10.4417/1JGCH-03-03-02

e Senthilnath, G.T., and Velu, D. (2016). Stacked Tunnel-
ling Induced Surface Settlements in Soft Soil. Interna-
tional Journal of Geoengineering Case Histories, Volume
3, Issue 3, pp. 162-175, doi: 10.4417/1JGCH-03-03-03

e Soh, K. K., Wai, T.T., Yeo, L., and Lim, P. K. (2016).
Reclamation and Safety of High Cantilever Strong Box
Pipe Pile Seawall in Marine Clay. International Journal of
Geoengineering Case Histories, Volume 3, Issue 3, pp.
176-189. doi: 10.4417/1JGCH-03-03-04

e Zhang, W., and Goh, A. T. C. (2016). General Behaviour
of Braced Excavation in Bukit Timah Granite Residual
Soils. International Journal of Geoengineering Case His-
tories, Volume 3, Issue 3, pp. 190-202, doi:
10.4417/1JGCH-03-03-05

Follow this link

(http:/ /casehistories.geoengineer.org/volume/volu
me3/issue3/issue3.html) in order to download and

read the papers of the latest issue of the journal and
access the digital data.

The truly open-source mission of the journal is funded an-
nually by not more than four companies and organizations
who have an action-based commitment to the advancement
of the geoengineering profession. These organizations are
acknowledged on our website and in every single paper of
the journal. IJGCH is proudly funded by Shamsher Prakash
Foundation and Dar Group. Our sponsors make possible the
circulation of the journal to thousands of readers at no cost.

Geotechnical engineers are encouraged to submit a paper
for review and potential publication by the ISSMGE Interna-
tional Journal of Geoengineering Case Histories.

O3 D

ITA NEWS

THE ITA@NEWS #61 - October 2016

https://www.ita-
aites.org/en/?option=com acymailing&ctrl=archive&task=vi
ew&mailid=139&key=889CxjDS&subid=1894-
74d7627ed3e51b67271afdd9255b5891&tmpl=component&I
temid=843

KukAo@opnoe To TeUxog ap. 61, OkTwBpiou 2016 Twv
ITA@NEWS pe Ta akoAouBa nepiexdueva:

e Message from Tarcisio CELESTINO, ITA President
e ITA Tunnelling Awards 2016
e Workshop on “Best Practices for Safe Cross Passage"
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e DFTU International Tunnelling Symposium

e SIG Conference

e BEFIPS meeting

e 4th Arabian Tunnelling Conference & 20th Gulf Engineer-
ing Union

e 4th Brazilian Tunnelling Congress, 3- 6 th April 2017 in
Sé&o Paulo

e Southeast Asian Conference & Exhibition in Tunnelling
and Underground Space 2017 (SEACETU 2017)

e 7th International Symposium on Tunnels and Under-
ground Structures in South-East Europe, 4 - 5th May
2017, Croatia
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpoedpog

A’ AvTinpoedpog

B’ AvTinpoedpog

levikog Mpappateéac:

Tapiag

'EQOpPOG

MéEAn

AvanAnpwuariko

rewpylog NIKAZETAS, Ap. MoAITIKoG Mnxavikdg, Kabnyntng E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

Mavayiotng BETTAS, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

MixaAng NMAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

MixaAng MMNAPAANHZ, MoAITikog Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

MNwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKESZ MEAETES A.E.
gdoulis@edafomichaniki.gr

Mwpyog MMNEAOKAS, Ap. MoAITIkog Mnxavikog, Enikoupog Kabnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIkog Mnxavikdg, OudTInog KadnynTrg EMM
aanagn@central.ntua.grn

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

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvanAnpwTtpia KadnyAaTtpia E.M.M.
mpanta@central.ntua.gr

MéANog KwvoTavTivog IRANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr
Ek3OTNC XpnoTog TEATZANIOOE, Ap. MoOAITIKOS Mnxavikoc, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
EEEEI'M
Topéag MEWTEXVIKAG TnA. 210.7723434
ZXOAH NMNOAITIKQN MHXANIKQN Tot. 210.7723428
EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTteXVEIOUNOAN Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®0OY

IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THZ EEEEMM» Ekd0TNG: Xpriotog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,

editor@hssmge.gr, info@pangaea.gr

«TA NEA THX EEEEMM» «avapT®vTal» Kal oTnv 1I0ToogAida www.hssmge.gr
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