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Znueiopa
Tou angpyXoHévou MNMpoédpou Tng EEEENM

AyannToi ouvadeAgol,

H enTeia pou, wg Mpogdpou Tng EEEEMM, Afyel Tnv TeTapTn,
11 NoeguBpiou 2015, nuépa nou Ba ekAeyn o véog Mpdedpog

Tov Maio 2008 kal Tov Mdaio 2012 Ta 10Te YEAN TNG EkTeAe-
OTIKAC EmITponng e eTignoav ekAEyovTac kKal €NAvekAEyov-
Tag ME wg Mpdedpo Tng EEEEMM yia dUo 31adoxIKEG ONnTeieG.
‘'OAa auTa Ta xpbdvia npoonadnoa va npoBaiw Tnv MewTeXVI-
KA Mnxaviki kal To endyyeApa Tou MewTexvikoU Mnxavikou
(FewpnyavikoU) aTnv eAANVIKN TEXVIKN KOIVOTNTA, KABWG Kal
va npoBaAw Tnv EEEEMM oe digbvég eninedo. Nopilw OTI KATI
KaTapEépape

Ze €Bvikd eninedo n napoucia pag ATav aigbnTh, T6GO HE
TOV MEYAAO apiBuo, 600 Kal Je TNV NoldTNTa TWV ekdNAWOE-
vV (OTIG OMNoIEG CUPMETEIXAV KAnoia anod Ta HEyaAUTeEPa ovo-
paTta TnG MewTeXVIKAG MNnxavikng NAaykKoouiwg), ToV HEYAAO
aplOud TWV CUMHETEXOVTWV O AUTEG, 1I0IWG VEWV OUVAJEA-
PwV, aAAa Kal Je TNV KUKAoQopia Tou nAekTpovikoU neplo-
dikoU pag TA NEA THX EEEEMM, To onoio &€xel yivel unddely-
Ma Kal yia TIG AAAEG ENIOTNHOVIKEG EVWTEIG

Se d1eBVvEG €ninedo n napoucdia pag avaBadbuioTnke onuav-
TIKA: Alekdiknoape, kepdioape kal diopyavwoape 1o XV Eu-
ropean Conference on Soil Mechanics and Geotechnical En-
gineering nou, napda Tnv kpion oTnv onoia €ixe Ndn €I0EADEI
n Xwpa pag, €ixe peyain emituyia. Eniong, peyalog apiBuog
peAwv TnG EEEEMM OUMMETEIXE KAl CUMMETEXEI WG key per-
sons og TexVIkeC EmTponég Tng ISSMGE, kabw¢ kal o€ pan-
els dieBvav ouvedpiwv.

‘'OAa Ta napandvw dev pnopoucav va yivouv napd povo pe
TNV auEPIOTN CUUNAPAcTAcn KAl CUVEPYATia TWV HEAMV TWV
ExTeAeoTikwv EmTponwv Tng EEEEMM, Ta onoia oA0Bepua
suxaploT®. Euxaplotw eniong TIC Kupie¢ Maupokepalou, A-
Bavaciou kal MavTteAid Tng MpappaTeiag Tou Topéa lMewTe-
XVIKAG TNG =X0ANRC MoAmik®wv Mnxavikwv EMM yia Tnv ouv-
€10popPAa TOUG. Oepud €uXapioTw, NPENEl €Niong va nNw, Kal
oTa oTeAEXN Tou ypageiou pou MANFAIA SYMBOYAOI MH-
XANIKOI, kai 13i1aiTepa oTNV ypauuaTeéa pou Kupia Kikn Kw-
oTonoUAou, mou unnp&av Bacikd OTRAPIYHA OTNV OAN nNpoo-
naoeid pou. TEAOG, €uxaploTw TNV oUluyd HOU, CGUVETAIpO
kal ouvadsAgo ®avn ToaTtoavigpou yia TAV UMOHOVH Kal TNV
avoxn TnG OAa auTd Ta xpovia, 0Tav NoAAEC POPEG ol uno-
XPEWOEIC pou oTtnv EEEEMM nponyoUvTo Twv enayyeApari-
KWV KAl OIKOYEVEIAKWOV!

MeTd and 25 xpovia ouvexoug napouadiag pou otnv EkTeAe-
oTikn EniTponn], dev OUPWETEIXa OTIG NPOCPATEC APXAIPETIEG.
O1 eNayyYeAUATIKEG UMOXPEWTEIC JOU HE UMOXPEWVOUV OrlE-
pa va epyalopal Tov NEPICOOTEPO XPOVO HOU OTO EEWTEPIKO,
onoTe n &vOeXOMUEVN ENAVEKAOYR MOU OTNV EKTEAEOTIKN
EniTponn 6a anoteAolUos eunddio yia TV EKAOYN VEWV ouva-
OEAQWV, MOU WMNopoUV MNPOCPEPOUV MNEPICOOTEPA HE TNV
Kabnuepivi) napouacia Toug otnv EAAGda. 'Opwe dev Ba xadbw
TeAeiwg! H véa EkTeheoTikr) EmiTponny pnopei va unoAoyiln
o€ €JEva, o6mou unopw va Bondnow. Kai BERaia, €' doov n
ExkteAeoTikr) EmiTponn kai o véog Mpoedpog To eniBupoly, Ba
ouvexiow va ekdidw To nepIodiko Wag. NMpoownikog PHou oTo-
X0G €ival va ekdwow kai To 100° Teuxog!

EUxopal aTov véo Mpoedpo kal otnv véa EkTeAeoTikr EniTpo-
nr kabe enituyia.

Me ouvadeApikoUg XaIpeTIOHOUG

XpnoTog Toatoavigpog
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APOPA

Mapouciacn apBpwyv, OTAV CUYYPAPH TWV OMOiWV HETEIXAV
'‘EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kaT’ aA@aBnTikn O€ipd TOou OvOPATOG TOU MPpWTOU
ouyypagea).

Permeation potential of colloidal silica for
passive stabilization of liquefiable soils

Potentiel d’infiltration de la silice colloidale pour la
stabilisation passive des sols liquéfiables

G.I. Agapoulaki , A.G. Papadimitriou , K. Kandris and
M. Pantazidou

ABSTRACT Passive stabilization is a new ground improve-
ment technique against liquefaction. It consists of the low
pressure injection of colloidal silica in the pores of a liquefi-
able soil. After well-controlled time, colloidal silica becomes
a firm gel and changes the mechanical properties of the
soil, making it less vulnerable to strain accumulation and
strength degradation related to liquefaction. The effective-
ness of the technique relies greatly on the ability to inject
(or permeate) the colloidal silica into the soil, well before its
gelation. This paper first investigates experimentally the
factors affecting the permeation of colloidal silica, via 1D
permeation tests in granular soil columns. Then, a simple
analytical tool is proposed for estimating the (time-variable)
flow rate of colloidal silica through the soil, which is based
on Darcy’s law after adjustments for the differences in vis-
cosity and density of colloidal silica as compared to that of
water. The predictions with this tool agree well with the
measurements of the 1D permeation tests.

RESUME La stabilisation passive est une nouvelle technique
d'amélioration du sol contre la liquéfaction. Elle consiste en
I'injection a basse pression de silice colloidale dans les pores
d'un sol liquéfiable. Aprés un temps bien contrdlée, la silice
colloidale se transforme en gel ferme et modifie les proprié-
tés mécaniques du sol, le rendant moins vulnérable a I'ac-
cumulation de déformation et a la dégradation de la résis-
tance liée a la liquéfaction. L'efficacité de la technique dé-
pend fortement de la capacité d'injecter (ou de faire infil-
trer) la silice colloidale dans le sol, bien avant sa gélifica-
tion. Cet article examine d'abord sur le plan expérimental
les facteurs qui influent sur linfiltration de la silice col-
loidale, par des essais d’infiltration 1D dans des colonnes de
sol granulaire. Ensuite, un outil d'analyse simple est propo-
sé pour estimer la vitesse d'écoulement (variable dans le
temps) de silice colloidale dans le sol, qui est basé sur la loi
de Darcy, aprés ajustements pour les différences de viscosi-
té et de la densité de la silice colloidale par rapport a celle
de I'eau. Les prédictions avec cet outil s’accordent bien avec
les mesures des essais d’infiltration 1D.

1. ON PASSIVE STABILIZATION

Passive stabilization is a new concept of ground improve-
ment based on the low pressure injection (or permeation) of
a stabilizer, named colloidal silica (CS), in the pores of a
granular soil (Gallagher 2000). Colloidal silica is an aqueous
dispersion of silica nanoparticles. Such dispersions have
time-increasing viscosity, starting from values similar to
that of water (slightly higher than 1cP) thus allowing per-
meation. However, the viscosity of the material increases
rapidly after it reaches a value of 3 to 6cP, transforming
itself into a firm gel (Gallagher & Lin 2005, Lin & Gallagher

TA NEA THZ EEEEI'M - Ap. 83 — OKTQBPIOZ 2015

2006). Once the CS has gelled in the pores, the soil be-
comes much more resistant to strain accumulation and
strength degradation related to liquefaction. The time need-
ed for the CS dispersion to firmly gel is called gel time (tg)
and depends on pH, ion normality, temperature and the
percentage per weight of colloidal silica, CS(%), in the dis-
persion (Agapoulaki and Papadimitriou 2015). However, the
time before gelation can be used to inject the material, ei-
ther by natural groundwater flow or by using boreholes as
injection and extraction wells on either side of the founda-
tion area under stabilization. Based on the above, the con-
cept here is to use low pressures for injecting the material,
i.e. not requiring special equipment or risking structural
damage in the foundation.

By choosing a low pressure injection scheme, the ability of
the stabilizer to permeate the granular soil becomes primar-
ily a function of soil characteristics (e.g. permeability, po-
rosity), as well as the rheological properties of colloidal sili-
ca (e.g. viscosity, density). Hence, the effectiveness of pas-
sive stabilization as a ground improvement method relies on
the permeation potential of colloidal silica. This is investi-
gated herein experimentally, by means of 1D permeation
tests in columns of granular soil where the flow rate of the
material is measured, along with its time-increasing viscosi-
ty. These tests are performed in columns with heights rang-
ing from 20 to 100cm using different CS solutions, soil
types and hydraulic gradients, and are considered comple-
mentary to similar tests conducted by: Gallagher & Lin
(2005), Lin & Gallagher (2006).

2. EQUIPMENT AND MATERIALS

The 20cm column used in this research is illustrated in Fig.
1. It consists of a main section of a diameter of 10cm and a
height of 20cm, a bottom cap with two valves for the sepa-
rate injection of CS and water, a top cap for the extraction
of CS with one valve and two sampling ports for stabilizer
fluid extracted during a test. The bottom and upper valves
are connected to three chambers: an inlet (water injection),
an outlet (water and/or CS extraction) and an (inlet) CS
chamber (CS injection).

Top cap

5cm-thick end part
with 1 inlet valve

Sampling
port

Main body
(H=20cm)

5cm-thick end part
with 2 inlet valves

Figure 1. Equipment for vertical colloidal silica permeation
testing and pore fluid sampling (example for H=20cm sam-
ple)

For the preparation of the CS solution, deionized water was
enriched by Ludox®-SM colloidal silica and pure NaCl, thus
forming solutions whose pH was controlled by adding (small
quantities) of HCI. The pH value of the solution was meas-
ured by a Metrohm, type 826 pH mobile pH meter. During
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the tests, dynamic viscosity (Mg) measurements of the CS
solution were performed by employing a Brookfield LVDV-
II+PX rotating viscometer.

The soil used in these studies is M31 sand with maximum
and minimum densities pamax=1.717 g/cm? and pgmin=1.455
g/cm?, maximum and minimum void ratios en,.x=0.826 and
emin=0.548 and Dsp= 0.30 mm. For the silty sand mixtures,
D6 silt has been used with Dsp=0.05 mm.

3. COLUMN PREPARATION AND TESTING

For the preparation of sand and silty sand columns, the
equipment was assembled as it is shown in Fig. 1. For the
uniform permeation of pore fluid, a 5cm-thick layer of
coarser soil (gravel) was placed at the bottom part of the
sand column within the (5cm-thick) end part with 2 inlet
valves (see Fig. 1). Beyond this layer, the sand was placed
with the undercompaction method (Ladd 1978). In order to
form higher columns, 20cm-tall main bodies are assembled
one on top of the other, while at the very top another 5cm-
thick coarser soil layer is placed within the (5cm-thick) end
part with 1 inlet valve (Fig. 1).

After the preparation of the columns, saturation is achieved
by running deionized water through the system at a very
low gradient for two days. After saturation, and just before
the CS injection, permeability of the sample under constant
head was measured. The CS solution was prepared inde-
pendently for the desired gel time t5, on the basis of the
guidelines of Agapoulaki and Papadimitriou (2015). Before
injection it was colored with blue food dye in order to be
visible inside the sample.

The goal of the experiments was to perform 1D vertical up-
ward injection of CS using low hydraulic gradients. It has to
be underlined here that due to the slightly higher density of
the injected CS in comparison to that of water (pre-existing
in the pores), if the CS-inlet and water-outlet levels are set
at exactly the same height, then density-driven flow of CS
through the sample occurs (see Post et al. 2007). If these
levels are kept constant, then this density-driven flow will
continue at a constantly reducing rate. Hence, in order to
establish equilibrium (or no flow conditions) as the initial
condition of the experiment, the CS-inlet level was initially
set appropriately slightly lower than that of the water-outlet
level (see illustration in Fig.6). Then, the CS-inlet level was
increased slightly in order to apply a low hydraulic gradient i
and thereafter the selected levels of the CS-inlet and the
water-outlet chambers were retained constant throughout
the test. The volume of CS required to be added in order to
retain the selected height of the CS inlet level was used in
order to estimate the measured flow rate or discharge
(Qmeas) of colloidal silica within the soil sample. Concurrent-
ly, the time evolution of the (dynamic) viscosity of the CS
solution was measured independently, and so was the loca-
tion of the CS front within the sample. This was performed
by optically observing where the dyed CS material lies with-
in the sample, as shown in Fig. 2. Obviously, this type of
optical measurement is less accurate than the measure-
ments of flow rate; however sampling of the pore fluid
through the ports (see Fig. 1) ascertains that the dyed pore
fluid is the intended CS solution.

This paper presents the characteristics and the results of
four (4) tests outlined in Table 1. More specifically, Table 1
contains the number of the tests, the CS properties (pH
value and ion normality, since CS = 10% in all tests), the
height of the column (H in cm), the hydraulic gradient (i),
the dynamic viscosity, yg, change (increasing or constant),
the gel time (tg in hours) as the time required for the vis-
cosity to reach a value of 4-6¢cP which essentially disallows
flow), the permeability (k) of the sand (for clean water) and
its void ratio (e).
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Table 1. Characteristics of the 1D permeation tests

performed
k
Test =g H : e . *10" )
No. cs (cm) k (cP) (h) (m/s ¢
)
4 "}(]]_i5$3 200 0.05 I 34 284 0603
6 PI;T;;?O 40 005 1 74 340 0622
ﬂ
8 "P{'] 1_&'50 100 025 I 45 310 0645
pH=10.0
9 0 20 0.05 (& - 284  0.603
ON

'CS(=10%) properties, * type: Increasing or Constant

Figure 2. View of dyed colloidal silica at (approximately)
midheight of sand sample during test No.4.

The time-evolution of measured flow rate Qmeas and dynamic
viscosity ug of colloidal silica in Tests 4, 6, 8 and 9 are pre-
sented in Figs 3 through 5. The details of these figures will
be discussed later. Of interest here is to underline that in
Tests No 4, 6 and 8 the CS permeation stopped (the front
was stable for a long time) far before anticipated and de-
spite that the levels of water-outlet and CS-inlet were kept
constant at their initial heights. This can be explained by
the fact that the independent dynamic viscosity measure-
ments showed that the pg value at that time was some-
where between 4 and 7cP. In other words, these tests show
that the CS solution had become practically “too viscous" to
continue permeation through the soil at such relatively low
hydraulic gradients (i = 0.05 and 0.25). This result is in line
with the literature (Gallagher & Lin 2005, Lin & Gallagher
2006), which considers permeation to be completed when
viscosity of CS reaches a value of 3.6 - 4.0cP but for even
lower hydraulic gradients.

On the other hand, test No. 9 shows a qualitatively similarly
decreasing flow rate with time, but this is attributed to the
density-driven upward flow whose discharge (or flow rate)
is expected to decrease as the CS front increases through
the soil (Post et al. 2007). This assertion is justified given
the fact that the CS solution was tailored to retain its initial
viscosity constant throughout this test.

In more detail, Fig. 3 studies the effect of different hydrau-
lic gradients i on the measured flow rate of CS through
sand. Observe that the effect of i is especially important in
the initial stages of the permeation (much higher flow rate
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for a much larger hydraulic gradient, as expected qualita-
tively by Darcy’s law). Nevertheless, in both tests the flow
rate decreases asymptotically with time, as a combined
effect of the increase of viscosity and density-driven flow.
Note also that the flow rate remains much higher in Test No
8 throughout the test (due to the higher i value), but per-
meation essentially stops when pg reaches 5-7cP.

0.8 8
0.6 —6 %—’,
o
) =
w . -
b 2
£ @
£ 04 —4 8
8 2
g s
(@] 4 £
—a— i=0.05 (Q,...) %
55 —8— =025 (Qneas) | |, €
' —— i=0.05 () =

—B— i=0.25 (i) |
0 M\F‘; 1 4 | 1 0

time (h)

Figure 3. Effect of hydraulic gradient i on measured flow
rate (with time) in sand samples permeated with colloidal
silica having similar gel times (tests 4 and 8).

In an attempt to disassociate the two flow rate reducing
effects, Fig. 4 compares data from Tests No. 4 (also in Fig.
3) and 9. As discussed above, the latter test had a CS with
viscosity tailored to remain constantly equal to 1.47cP (its
initial value). Observe here that the initial flow rates are
practically identical (due to identical values of i and pg), but
the flow rate of Test No. 4 with the increasing viscosity de-
creases faster and essentially stops after 3.4hrs when pg =
7cP. On the other hand, Test No 9 shows that permeation
continues further (well after 5hrs), but at a much reduced
flow rate. Finally, Fig. 5 studies the effect of different (but
finite) gel times on the measured flow rate, under otherwise
similar hydraulic conditions. Observe that while the initial
flow rates are practically identical (due to identical values of
i and {g), the flow rate reduces much faster with time when
the increase of viscosity is faster. Also note that the perme-
ation essentially reduces to zero when ug reaches 4-7cP,
although these instances appear at distinctly different times
(3.4 and 7.4 hrs) in the two tests.

4. ANALYTICAL SIMULATION OF THE 1-D COLLOIDAL SILI-
CA PERMEATION TESTS

4.1 Conceptual and mathematical formulation

As the CS solution is delivered from the inlet chamber, it
moves upwards within the soil column displacing pore wa-
ter. As shown schematically in Fig. 6, over time the CS oc-
cupies a region of the soil column with height equal to Lg;
this region is defined by the bottom layer of the test column
and the front of the CS solution. In this region, pore space
is filled with the stabilizer solution, which is heavier (stabi-
lizer density, p; > 1000 kg/m?) and more viscous than wa-
ter (stabilizer viscosity, yg > 1.0cP at the beginning of the
injection) for usual CS percentages (e.g. pg = 1050kg/m?,
Mg = 1.25cP for CS = 10%). In other words, the injection of
a CS solution into a saturated porous medium constitutes a
flow problem under viscosity and density varying conditions.
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Figure 4. Effect of time-increasing dynamic viscosity of
colloidal silica on its measured flow rate (with time) in sand
samples (tests 4 and 9)
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Figure 5. Effect of different gel times of colloidal silica on
its measured flow rate (with time) in sand samples (tests 4

and 6)
Qutlet Inlet
————— 12
p'.v‘ p‘.
h2 =
LW’ hll
L
L~ Pa. Mg
----]-Lg- '1___.__-tz
L

Figure 6. Schematic representation of the permeation
tests, as the colloidal silica front advances within the soil
column
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In many mainstream numerical codes (e.g. MOCDENSE,
SEAWAT) variable-density flow is assessed with the concept
of equivalent fresh water heads. According to this concept,
every measured hydraulic head is expressed in terms of an
equivalent fresh water hydraulic head (hy;) according to:

h,, =z + f (1)
P8

where z; is the elevation head (m), P; is fluid pressure (Pa),
pw is fresh water density (kg/m?®) and g is the gravitational
acceleration (m/s?). However, the concept of equivalent
fresh water heads may produce erroneous flow rate esti-
mates, especially in cases of vertical flow (Simmons 2005).
Fresh water head analyses can misinterpret water flow cal-
culations, if density variations are not properly taken into
account (Post et al. 2007). To avoid such misinterpreta-
tions, Post et al. (2007) suggest the application of the more
general form of Darcy’s law for fluid flow in a porous medi-
um:

'f\.

M

Zeale —

oP
)4 @

(074

where k is intrinsic permeability (m?), u is fluid dynamic
viscosity (kg/m/s), p is fluid density (kg/m3®) and A is the
cross-sectional area to flow direction (m?). This form of
Darcy’s law explicitly demonstrates the two driving forces of
flow, i.e. the pressure gradient (VP) and the gravity force
per unit volume (pg). By differentiating and rearranging Eq.
(1), Eq. (2) is equivalent to the expression:

_kp,g| Oy (p=p, J 4

-_— f'{?f(- q_ +
i Oz .

(3)

For the assessment of variable-density flow, Post et al.
(2007) suggest the application of Equation (3) with an av-
erage fluid density that is given by:

Py = %J‘:" pdz (4)

4'2 T i

In the case of colloidal silica flow, the spatial variation of
viscosity cannot be neglected. Hence, the calculation of an
average viscosity term is required:

ltiﬁ = w;'[_:: ;!(xz (5)

According to the spatial distributions of density and viscosi-
ty depicted in Fig. 6, the average rheological properties
described in Egs (4) and (5) are given by:

(ngg +pu'Ln')

P _f (6)
L +u L

“, Bl ]ﬂ" ) (7)

Note that these average quantities are a function of time,
since Ly increases over time. Furthermore, pa is dependent
on Mg, which also increases over time due to the gelling
process that the stabilizer undergoes. Finally, if one substi-
tutes Egs (6) and (7) into Eq. (3), the flow rate can be es-
timated by the following analytical equation:
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2
1 h—h, |- L L 4
Py P '

where h; and h, are the measured hydraulic heads corre-
sponding to the inlet and the outlet chambers of the test,
respectively (see Fig. 6). In order to test the predictive abil-
ities of Eq. (8), in the following section its predictions are
compared with the corresponding test data.

4.2 Analytical predictions versus test results

Due to length limitations, the analytical predictions of only
two of the tests are compared herein with the data (in Fig.
7). Apart from the stabilizer density, the viscosity of colloi-
dal silica and the position of its front (i.e. the height of the
treated region, Lg) are experimentally measured over time.

As shown in Fig. 7, the analytical solution developed by Post
et al. (2007) as modified herein reproduces satisfactorily
the pattern of flow rates decreasing with time. This reduc-
tion results from (a) the increase of the height of the colloi-
dal silica front, and (b) the increase of the stabilizer viscosi-
ty. The discrepancy between calculated and measured flow
rates may be attributed to the inherently noisy measure-
ments of the stabilizer viscosity, but mostly to the difficulty
in accurately determining the height of the treated region
(see Fig. 2).

0.09/ 0.7
I (a) Test 4 Y (b) Test 8
0.08+ |
\ 0.
007
F 0.5+
= 0.06) =
e = x
2 008 L E 0.4; \\
£ ood g |
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= o3 =
0.2 :\
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\'\ 0.1}
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Figure 7. Measured and calculated flow rates versus time
for (a) Test 4 and (b) Test 8.

5. CONCLUSIONS

From both the experimental and analytical study of colloidal
silica (CS) permeation potential, the following conclusions
can be drawn:

1. The CS solution needs to be tailored to the required gel
time t; in order to permeate the required distances, since
viscosity values of 4-7cP essentially stop permeation (for i
= 0.05 to 0.25).

2. The CS flow rate is affected by both the time-increasing
viscosity and the higher density of this material in compari-
son to that of water.

3. The CS flow rate may be satisfactorily simulated via a
simple analytical tool, which is based on Darcy's law after
appropriate adjustments for the differences in viscosity and
density of colloidal silica as compared to that of water.

ZeAida 6



ACKNOWLEDGEMENT

This research has been co-financed by the European Union
(European Social Fund ESF) and Greek national funds
through the Operational Program "Education and Lifelong
Learning" of the National Strategic Reference Framework
(NSRF) - Research Funding Program: Thales. Investing in
knowledge society through the European Social Fund.

EDUGATION AND LIFELONG LEARNING 57 “SRF
yesting in ) f"flfmgl E-m

European Union
European Social Fund

Co-financed by Greece and the European Union

REFERENCES

Agapoulaki, G.I, Papadimitriou, A.G. 2015. Rheological
properties of colloidal silica as a means for designing pas-
sive stabilization of liquefiable soils, In Proceedings: XVI
European Conference on Soil Mechanics and Geotechnical
Engineering, Edinburgh (in print)

Gallagher, P.M. 2000. Passive site remediation for mitiga-
tion of liquefaction risk. Ph.D. dissertation, Virginia Poly-
technic Institute and State University

Gallagher, P.M., Lin Y., 2005. Column testing to determine
colloidal silica transport mechanisms, Geotechnical Special
Publication, (130-142), pp. 1821-1830

Ladd R.S., 1978, Preparing test specimens using
undercompaction. Geotechnical Testing Journal, ASTM, Vol.
1, pp 16-23

Lin, Y., Gallagher, P.M., 2006. Three-meter column testing
of colloidal silica transport through porous media, Geotech-
nical Special Publication, (152), pp. 417-424

Post, V., Kooi, H. & Simmons, C. 2007. Using Hydraulic
Head Measurements in Variable-Density Ground Water Flow
Analyses. Groundwater, 45, 664-671.

Simmons, C. T. 2005. Variable density ground water flow:
From current challenges to future possibilities. Hydrogeol J,
13, 116- 119.

TA NEA THZ EEEEI'M - Ap. 83 — OKTQBPIOZ 2015

ZeAida 7



Rheological properties of colloidal silica as a
means for designing passive stabilization of lig-
uefiable soils

Propriétés rhéologiques de silice colloidale comme un
moyen pour le calcul de stabilisation passive des sols
liquéfiables

G.I. Agapoulaki, A.G. Papadimitriou

ABSTRACT Passive stabilization is a novel ground improve-
ment technique for mitigating liquefaction at developed
sites. It is based on the low-gradient (low pressure) injec-
tion in the soil pores of colloidal silica, an aqueous disper-
sion of fine silica particles. This material retains low viscosi-
ty values (slightly higher than that of water) up until a well-
controlled time, when its viscosity increases rapidly and
turns into a gel. When this gel forms in the soil pores, the
soil is no longer susceptible to large shear strains and
strength degradation related to liquefaction. The (gel) time
required for the gelation of colloidal silica is a very im-
portant factor for its effective injection at the desired loca-
tion. It is found to depend on different yet controllable fac-
tors such as the pH, ion concentration, ionic strength, per-
centage per weight of colloidal silica and temperature of the
solution. This paper investigates the rheological properties
of colloidal silica and quantifies these effects on the gel time
as a means for designing this novel ground improvement
technique for practical applications.

RESUME Stabilisation passive est une nouvelle technique
d’amélioration de sol contre la liquéfaction des sites déve-
loppés. Elle se compose de l'injection (a basse pression)
dans les pores du sol de la silice colloidale, une dispersion
aqueuse de particules fines de silice. Ce matériel conserve
des valeurs de viscosité faible (Iégérement supérieures a
celle de I'eau) jusqu’ au temps bien contrdlé, lorsque sa
viscosité augmente rapidement et se transforme en gel.
Lorsque ce gel se forme dans les pores, le sol n‘est plus
sensible aux grandes contraintes et a la dégradation de la
résistance liée a la liquéfaction. Le temps (de gel) néces-
saire a la gélification de la silice colloidale est un facteur
trés important pour linjection effective a I'endroit désiré.
On trouve que ca dépend a différents facteurs qui peuvent
étre contrblés, comme le pH, la concentration ionique, la
force ionique, le pourcentage par poids de silice colloidale et
la température de la dispersion aqueuse. Cet article étudie
les propriétés rhéologiques de la silice colloidale, et quanti-
fie ces effets sur le temps de gel comme un moyen pour le
calcul de cette nouvelle technique d’amélioration des sols
pour des applications pratiques.

1. PASSIVE STABILIZATION

Conventional liquefaction mitigation techniques are either
difficult or impossible (e.g. vibro-replacement) to implement
at developed sites. In such cases, underpinning, high vis-
cosity/pressure grouting or perforated drains are often pre-
scribed. However, these techniques cannot mitigate lique-
faction under the whole structure and may create structural
problems (e.g. footing heave in high viscosity/pressure
grouting). In addition, the improvement of large areas is
costly and may affect the normal operation of the structure.
An alternative technique without these drawbacks is passive
stabilization (Gallagher 2000), i.e. the low pressure injec-
tion into the soil pores of colloidal silica, i.e. an aqueous
dispersion of fine silica particles. This stabilizing material
retains low viscosity values (slightly higher than that of wa-
ter), thus allowing its low pressure injection (or permeation)
which cannot induce structural problems. In situ, this can
be performed either by natural ground flow or by using in-
jection and extraction wells (filled boreholes with different
hydraulic heads) on either side of the developed site (see
concept in Figure 1).

After well-controlled time, the colloidal silica gels in the
pores of the soil and alters the mechanical response of the
soil skeleton—-pore fluid system, making it less vulnerable to
reduction of shear strength and plastic strain accumulation
related to liquefaction. Significant data quantifying such
effects were first presented by Gallagher and Mitchell
(2002), whereas an overview of pertinent literature data
may be found in Papadimitriou and Agapoulaki (2013). Pos-
sibly the most crucial factor for the successful application of
passive stabilization is controlling the gel time (t;) of the
pore fluid. Given the low injection pressures used, if colloi-
dal silica gels prematurely, then the stabilizer will not be
able to reach the desired location, whereas if it does not gel
in time the stabilizer will overtake the desired location.
Hence, quality control of tg is fundamental for making pas-
sive stabilization usable in civil engineering practice. This
paper complements existing knowledge for the rheological
properties of colloidal silica, and proposes design charts for
its use in liquefaction mitigation.

Injection well

Ihécmloidal silica

Extraction well

I Building
|

Figure 1. Concept of passive stabilization
2. COLLOIDAL SILICA

Colloidal silica (CS) is an aqueous dispersion of silica nano-
particles. It is biologically and chemically inert, non-toxic
and is considered durable (stability of at least 25 years;
Whang 1995). Its cost is comparable to conventional chem-
ical grouts. Due to the small size of the silica particles and
their negatively-charged surface, electro-static forces con-
trol the response of the dispersion. Stabilization is due to
gelation, which occurs by the formation of siloxane (Si-O-
Si) bonds between silica particles, releasing H20 into the
solution. The procedure of gelation is perpetual, and the
time required for its formation (gel time; t;) depends on the
electro-static interaction between the particles. Hence, it
may be controlled by the factors affecting the electro-static
forces between silica particles, similarly to how such factors
affect the interaction between negatively-charged clay par-
ticles. For example, the introduction of NaCl in the silica
dispersion reduces the double layer of water attached to the
silica particles that is created by the electrostatic attraction
of bipolar H,O molecules. As a result, the repulsive forces
between silica particles are reduced, thus accelerating the
formation of siloxane bonds, which is macroscopically
measured by an increase in the viscosity () of the solution.
Hence, the viscosity (p) versus time (t) relation and the
time (tg) required for formation of a firm resonating gel are
governed by the factors affecting the electro-static forces.
Thus, for a given type of colloidal silica, they may be con-
trolled by various factors, the most important of which are
the percent per weight of silica CS (%), the pH, the normal-
ity of ions in the solution and its temperature (Gallagher
2000).

3. RHEOLOGICAL TESTING RESULTS

Related literature includes measurements of viscosity and
gel time of various types of colloidal silica. In particular,
Gallagher (2000) showed that the finer the silica particles,
the lower the ty value for given conditions and the smaller
the required quantity of silica for achieving gelation. Given
the breadth of the literature measurements, it is required
that testing focuses on quantifying the various effects on a
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specific type of silica. The measurements presented here
were performed at the Laboratory of Geotechnical Engineer-
ing at the University of Thessaly (UTh) in Greece, and fo-
cused on Ludox®-SM, one of the finest types of colloidal
silica (mean diameter of 7nm).

3.1 Equipment and methodology

In order to investigate all the basic parameters that affect
gel time as well as the curves of (4 vs. t) of colloidal silica,
a large set of viscosity measurements were performed with
a Brookfield LVDV-II+PX rotational viscometer (equipped
with a UL adapter for measuring very low viscosities) and a
Brookfield TC- 150 water bath for retaining constant tem-
perature. Preparation of colloidal silica solutions was per-
formed by enriching deionized water with Ludox®- SM col-
loidal silica and pure NaCl, thus forming solutions whose pH
was controlled by adding (small quantities) of highly con-
centrated HCI. Table 1 presents an overview of the variation
of these parameters in the performed tests at UTh.

Table 1. CS(%), NaCl concentration and pH of the
tests performed

CS(%) NaCl concentration pH range
(normality, N)

5 0 3.00-5.55
3 0.03N 3.00-6.00
5) 0.IN 4.00-7.50
7.5 0 3.00-6.55
7.5 0.03N 5.00 - 6.50
15 0.1N 5.00-7.30
10 0 2.80—-6.88
10 0.03N 3.00-7.55
10 0.1N 3.80—-7.50

3.2 Typical viscosity vs time response

Figure 2 presents an overview of the viscosity versus time
curves for a number of colloidal silica solutions having CS =
10%, no added salt (NS), but quite different pH values
(ranging from 3.00 to 6.88). Observe that for all tested pH
values the viscosity values remain initially very low (some-
what higher than that of water) and abruptly viscosity in-
creases rapidly to values reaching a few thousands cP (not
shown here for clarity). This rapid increase of viscosity
turns the solution quickly into a firm resonating gel, offering
stabilization to a liquefiable soil if this solution has been
permeated into its pores.

While all these colloidal silica solutions have the foregoing
similarities in their rheological response, they differ signifi-
cantly in the time required to reach this firm gel state.
There is no strict definition of gel time (tg) in the literature.
Here, the (tg) is defined when the last measured viscosity
value is greater or equal to 100cP, since the time after t,
required to reach a state of firm gel is comparatively negli-
gible.

Given this practical definition of t; (which is in tune with the
literature, e.g. Gallagher 2000), observe in Fig. 2 that the
initial stage of very low viscosity values usually runs up
until 0.8ty - 0.9t;, whereas in the remaining time of 0.1tg -
0.2ty the viscosity increases very rapidly. This type of re-
sponse was found to apply in all tested (CS, N, pH) combi-
nations of Table 1. Furthermore, observe in Fig. 2 that alt-
hough all solutions have CS = 10% and no added salt (NS),
the values of ty range from less than 1 day up to more than
12 days, as a result of the different pH, the effect of which
is studied in the next section.

3.3 Effect of pH
Based on Fig.2, the effect of pH on t4 is very important. This

becomes clearer in Fig. 3, which presents the values of t; as
a function of pH for the tests in Fig. 2. Observe in Fig. 3

600

400

pH (for NS)
—»— 3.00
—— 500
—&a— 555
—e— 6.00
—+— 6.30
—a— 5.37
—8— 6.70
—e— B.77

| 6.88

0 4 8 12 16
time (days)

Viscosity (cP)

200

Figure 2. Typical viscosity versus time curves of colloidal
silica solutions (CS=10%, no added salt, pH = 3.00 - 6.88).
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Figure 3. Typical effect of pH on gel time (“gel time curve”)
for colloidal silica solutions (CS=10%, no added salt, pH =
2.80 - 6.88) and comparison to literature data.

the good agreement with ty values from the literature and
that our tests are complementary to those already pub-
lished. Furthermore, our tests depict that the “gel time
curve” (the curve of pH vs. tg) has the shape of a (some-
what symmetric) inverted bell, and this was found to hold
true for all (CS, N) combinations outlined in Table 1.

Given these observations, for each (CS, N) combination
there is an “optimum” pH value (pHop), Which corresponds
to a minimum gel time (tgmin). This typical response for all
(CS, N) combinations has been explained in the literature
(e.g. Gallagher 2000). Specifically, when pH < pHop the
hydroxyl ions which create the negative charge of the silica
particles become uncharged and therefore gelation is de-
layed. On the contrary, when pH > pH,,: the hydroxyl ions
are too many and thus repulsive forces are created between
silica particles, again delaying gelation.
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3.4 Effects of CS (%) and ion normality

Another important parameter controlling gel time is CS con-
centration. This value is also related to the cost of passive
stabilization. Tests from the literature show that concentra-
tions between 5% and 10% suffice for mitigation liquefac-
tion in practical applications (Gallagher and Mitchell 2002),
and this is what dictated the range of CS (%) values here
(Table 1).

"

|

CS (%) for
H=6.00 - 0.03N
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6.25%
—— 7.5%
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—+— 10%
| I ]
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Figure 4. Effect of CS(%) on the viscosity vs time curve of
colloidal silica solutions (pH = 6.00, 0.03N)

CS for pH=5.55
—— 10%
10 = —e— 7.5%
: —— 5%
z [ T
> o
© 5 T
< o
S o
- ~4
£ T
= 1 - e
= ; o ——
o TP 1
4
0.1 | | | | ] | | ]

0 0.02 0.04 0.06 0.08 0.1
NaCl concentration (N)

Figure 5. Effect of (NaCl) ion normality on gel time of col-
loidal silica solutions with different CS(%), but the same pH
= 5.55.

Figure 4 shows the viscosity vs time curves in solutions with
different CS (%) concentrations and pH = 6.00 & 0.03N. It
is clear that the typical response identified in Fig. 2 applies
in all these tests, and that there is a considerable monoton-
ically decreasing effect of CS (%) on gel time. Observe that
2-fold increase of CS (%) from 5 to 10% can lead to a 5-
fold decrease of gel time. From a physical point of view, this

decreasing effect of CS (%) is expectable, since more silica
particles mean much more siloxane bonds and thus much
quicker gelation.

Ion normality in general (or NaCl concentration in our tests)
also affects gel time, as explained in Section 2. To study
this effect, Figure 5 shows how NaCl concentration (quanti-
fied in terms of normality N) affects the gel time for three
(3) different CS concentrations. Observe that for CS = 5%
an increase of NaCl concentration from 0.03N to 0.1N caus-
es a decrease of gel time from 5 to 1.4 days, while the cor-
responding decrease of gel times for CS = 10% is much
smaller (at the same pH value for comparison. In other
words, NaCl concentration is important, especially for low
values of CS (%). Note that higher values of NaCl concen-
tration are physically possible, but would not be used in
practice since they would lead to very small gel times (in
the order of hours, for the CS values of interest).

3.5 Effect of temperature

The temperature of the colloidal silica solution also plays an
important role in its gelation process. For example, there is
evidence that a two-fold increase of gel time may occur for
a decrease of 100 C (e.g. Otterstedt and Greenwood 2005),
but whether this strong effect applies in all (CS, N, pH)
combinations and colloidal silica types is yet to be investi-
gated.

For this purpose, a number of viscosity measurements out-
lined in Table 1 was repeated for different temperatures in
order to quantify this effect for the Ludox®-SM colloidal
silica. In order to retain the temperature of the tested solu-
tions constant, they were constantly kept within the tub of
the Brookfield TC-150 water bath. Figure 6 shows an exam-
ple of the “gel time curves” for CS = 10%, NaCl ion concen-
tration of 0.1N at three (3) different temperatures T=15,
20, 250 C and three distinct values of pH ranging from 5.0
to 7.0.

2
B CS=10% - 0.1N
Temperature (OC)
1.6 [~ > 25
—l— 20
— B —@®— 15
w
=
S 12}
“E5 B
[ N
= 0.8
@ I
(D B \\“\\
0.4 | P —
0 IR R | L
4.5 5 5.5 6 6.5 7 7.5
pH

Figure 6. Effect of temperature on gel time for CS=10%,
with NaCl concentration equal to 0.1N at different pH values

Our data corroborate the decreasing effect of temperature
on t;. As the temperature increases the gel time becomes
significantly smaller. It is remarkable that the tested de-
crease of the temperature from T = 25° Cto T = 15° C
leads to an approximate 2.5 times increase of gel time for
almost every pH value tested. Similar processing of the
data shows that for all tested (CS, N) combinations the “gel
time curve” retains the same shape of a (somewhat sym-
metric) inverted bell, which is shifted upwards by 2.5 times
approximately in terms of ty with a decrease of T by 10° C.
Of importance is also the fact that despite the change in the
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actual values of tg, the value of pH,, remains essentially
unchanged, since it is found a function of CS (%) and ion
normality only.

4. DESIGNING FOR GEL TIME

Based on the above, the gel time t; of colloidal silica is very
much influenced by the (CS, N, pH, T) combination. Hence,
the quality control of t; seems crucial for applying passive
stabilization in practice. Note that t; is essentially the re-
quired permeation time until the colloidal silica reaches the
desired location (under the structure in Fig. 1). Its estima-
tion may be performed on the basis of the geotechnical
conditions at a site (as a function of permeability, distance
to be travelled via injection, etc.), but this is beyond the
scope of this paper. A discussion on these issues may be
found in the paper of Agapoulaki et al. (2015) in this con-
ference.

Of interest here is to aid the engineer to select the values of
(CS, N, pH, T) that could lead to the desired value of tg. In
order to aid in this effort, this paper presents a set of de-
sign charts focusing on patterns of rheological response that
seem to be applicable in all cases.

Hence, Figure 7 summarizes the tgmin values of the “gel time
curves” for all (CS, N) combinations of Table 1, as well as
the pertinent pHop: values for a temperature T = 25° C. Ob-
serve the intensely decreasing effect of CS(%) on tgmin (Up
to 8-fold decrease for a 2- fold increase from CS = 5% to
10%), and the less dramatic decreasing effect of normality
N on tgmin (up to 2.5 times decrease for 3.3 times increase
from 0.03N to 0.1N). However, note that while the tgmin
ranges considerably (from a few hours to a few days), the
pHope does not, i.e. it appears at values of pH between 4.5
and 6.0 in all the data, and based on Fig. 6 these values are
not affected by temperature.

8 T ¥
\ NaCl concentration L MaCl concentration
\ . ;l: ;;1 < Mosall
2l —— o AR O 003N o
\ . 0N O DA

- S
e ]
a 1 1 — 3 | 1
4 6 8 10 0 4 B 12
CS(%) CS (%)

Figure 7. (a) Relation between the minimum gel time, tgmin,
of colloidal silica and the CS (%) at three different NaCl
normality values. (b) Relation between the optimum pH,
pHopt, Of colloidal silica and the CS (%) at three different

NaCl normality values.

Figure 8 investigates the correlation between the normal-
ized gel time tg/tymin and the normalized pH/pHop ratio at T
= 25° C for all cases of Table 1. It is clear that the inverted
bell shape is a common trait for all “gel time curves”, and
that an average design curve (shown dashed) may be de-
fined for all cases.

If one would like to use this design curve to approximately
reconstruct his “gel time curve”, he could pick values of tgmin
and pHqpe from Fig. 7, and correct the tymin for temperature
on the basis of Fig. 6. For example, if the chosen CS and
NaCl concentrations are 10% and ON, then tgmin = 0.67 days
and pHqp: = 5.53 according to Fig. 7. If there is no need for
temperature correction and t; = 1.0 day, then ty/tgmn =
1.49, and from the average design curve of Fig. 8 the
pH/pHope = 0.81 or 1.1. Hence, the corresponding pH values
for the chosen ty and combination of (CS, N) equal to 4.47
or 6.08. From the experimental data, for CS = 10%, 0.0N,
a value of t; = 1 day corresponds to a pH values of 4.4 or
5.95. Thus, the use of the hereby proposed design tools
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offers a satisfactory approximation of the laboratory data
and a means for designing the recipe of the colloidal silica
solution to be injected. Whether one would choose the more
acidic or the more alkaline option of pH for attaining the
same tq is an issue related with environmental concerns, as
well as quality control issues (e.g. mixing with natural
groundwater and its effect on pH and ion normality).

8
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—a— 10%-0.1N
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7.5% - 0.03N
7.5%=0.1N
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B —_— = average
Sal
-
HU‘
2 —
-
0 1 | 1 | 1 | 1
0.6 0.8 1 12 14

pH; panl

Figure 8. Normalized “gel time curves” at T=25° C for all
combinations of (CS, N) of Table 1 and the average design
curve.

5. CONCLUSIONS

The rheological testing of a wide range of colloidal silica
solutions has provided a satisfying set of data for the appli-
cation of passive stabilization in practice. This paper focuses
on the control of the gel time t; of colloidal silica, which is
paramount for quality control of the method. Based on the
presented data:

e The main parameters that control the t; are silica per-
centage per weight CS (%), ion concentration and ion
strength (in terms of normality N), pH and temperature
T. In general, the CS (%), N and T have a monotonically
decreasing effect, while the effect of pH is not monoto-
nous.

e For any combination of the controlling parameters col-
loidal silica has initially (and up until 80-90% of the tg)
very low viscosity (allowing its low pressure injection),
which at some point increases rapidly creating a firm gel
(at a time of tg).

e Based on the design tools presented herein, the gel time
ty may be easily controlled to range from a few hours to
a few days (and even higher), according to the applica-
tion at hand.
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Numerical analysis of the seismic response of
sand passively stabilized against liquefaction

Analyse numérique de la réponse sismique de sable
stabilisé passivement contre la liquéfaction

K.I. Andrianopoulos, G.I. Agapoulaki and A.G. Pa-
padimitriou

ABSTRACT Passive stabilization is a new technique for miti-
gating the risk of seismic liquefaction in the non-cohesive
foundation soil of existing structures. It consists of the low
pressure injection (in the soil pores) of colloidal silica, a
stabilizer material which transforms into a firm gel after a
well-controlled time. This gelation enhances macroscopically
the mechanical response of the soil skeleton-pore fluid sys-
tem. The microscopic mechanism of improvement has not
yet been established, thus prohibiting the formulation of
constitutive models. This paper explores the possibility of
using existing constitutive models for simulating the re-
sponse of stabilized sands. A well-established plasticity
model for sands (NTUA-SAND) is used herein for the simu-
lation of a pertinent dynamic centrifuge test, after re-
calibration or in combination with the seemingly relatively
compressible colloidal silica as the pore fluid instead of in-
compressible water.

RESUME La stabilisation passive est une nouvelle technique
pour atténuer le risque de liquéfaction sismique dans le sol
de fondation des structures existantes. Elle consiste en I'in-
jection (dans les pores du sol) a basse pression de la silice
colloidale, un matériel stabilisateur qui se transforme en gel
ferme aprés un temps bien controlé. Cette gélification amé-
liore de fagon macroscopique la réponse du sol, mais le mé-
canisme microscopique de I'amélioration n‘a pas encore été
établi, interdisant ainsi la formulation de modéles de com-
portement. Cet article explore la possibilité d'utiliser des
modeéles de comportement existants pour simuler la ré-
ponse des sables stabilisés. Un modeéle de plasticité pour les
sables (NTUA-SAND) bien établie est utilisé ici pour la simu-
lation d'un essai dynamique en centrifugeuse pertinente,
apres recalibrage, ou en combinaison avec de la silice col-
loidale compressible comme le liquide des pores a la place
de I’eau incompressible.

1. INTRODUCTION

Passive stabilization (Gallagher 2000) poses as one very
promising liquefaction mitigation technique for developed
sites. It entails the low-pressure injection of a stabilizer
(colloidal silica) in the soil pores, which transforms into a
firm gel after well-controlled time. This change alters the
mechanical response of the thus stabilized sand, making it
less vulnerable to plastic strain accumulation and strength
degradation related to liquefaction or cyclic mobility.

This ground improvement technique is currently still at an
experimental stage worldwide. One important issue that
needs to be addressed before it becomes practically usable
is how to control the colloidal silica properties in order to
permeate it effectively at the desired distance within a giv-
en soil (see also Agapoulaki and Papadimitriou 2015,
Agapoulaki et al. 2015, both in this conference).

Another similarly significant issue is to establish the micro-
scopic mechanism of improvement, as the first step for the
formulation of constitutive models for this new geomaterial
named stabilized sand. Since this is not yet established, this
paper explores the potential of using existing constitutive
models for sands for the task at hand by appropriately ad-
justing different aspects of the simulation components.

2. MECHANICAL RESPONSE OF STABILIZED SANDS

The mechanical response of stabilized sands has been stud-
ied only macroscopically, via: a) limited insitu testing (Gal-

lagher et al 2007a), b) few physical modeling attempts
(centrifuge modeling: e.g. Gallagher et al. 2007b), and c) a
number of laboratory efforts outlined below. Yet, each of
these laboratory efforts has shed light to partial aspects of
the response, since they have been performed on different
sands by employing different types of tests.

It has been shown that regardless of the microscopic mech-
anism, stabilization induces unconfined compression
strength in stabilized sands (e.g. Persoff et al. 1999, Pa-
padimitriou & Agapoulaki 2013).

Focusing on the dynamic response at small cyclic strains,
published data show that stabilization with colloidal silica
leads to a small increase in the elastic shear modulus Gnay,
of 10-25% on average (e.g. Papadimitriou & Agapoulaki
2013, Spencer et al. 2008). On the contrary, at medium
cyclic strains, published data (Spencer et al. 2008) show no
substantial effect on the normalized shear modulus G/Gmax
degradation (Fig. 1a) and hysteretic damping D increase
curves (Fig. 1c) with cyclic shear strain.

However, at large cyclic strains, element tests reveal a
much more stable behavior for treated samples as com-
pared to their untreated counterparts. In particular, cyclic
(triaxial, simple shear) tests depict liquefaction, denoted by
double amplitude cyclic shear strain DA exceeding a preset
level (e.g. of 1%, 2% or 5%), after a much increased num-
ber of cycles, as compared to the natural sand under the
same conditions (e.g. Gallagher and Mitchell 2002, Diaz
Rodriguez et al. 2008). For example, Fig. 2 shows the sig-
nificant increase of liquefaction resistance quantified in
terms of the cyclic stress ratio (CSR = 1/0",,) for a given
number of cycles to liquefaction N_. due to stabilization
(treatment) on the basis of cyclic simple shear tests (data
from Diaz-Rodriguez et al., 2008). Observe that the in-
crease of liquefaction resistance in terms of CSR for any
given number of cycles N is typically in the order of 0.08 -
0.13 (as in these tests, processed for NL. = 5, 10 and 15).
Note, that similar test data in the literature have reported a
minimum effect of 0.01 (on the basis of these tests) and a
maximum of 0.2 (Kodaka et al. 2005).

3. NUMERICAL SIMULATION

For the numerical simulation of the seismic response of sta-
bilized sand, two (2) different approaches are examined:

a) recalibrating an existing elasto-plastic formulation for
the sand (skeleton), and

b) modifying the properties of the pore fluid
3.1.1 Recalibrating an existing constitutive law

Regarding the first approach, if one disregards the fact that
the stabilized sand exhibits non-zero unconfined compres-
sion strength, constitutive simulations may be potentially
attained by employing existing constitutive models for
sands. For this purpose, this paper adopts a bounding sur-
face plasticity critical state model (NTUA-SAND; Andriano-
poulos et al. 2010), which has been successfully imple-
mented in FLAC and is readily available for potential users
in: http://www.itasca-udm.com/pages/NTUA.html.

The attribute of this model that makes it appealing for the
simulation of stabilized sand is the adoption of a Ramberg-
Osgood type formulation of the “elastic” moduli, which gov-
erns the response under small to medium cyclic shear
strains. In this sense, one may re-calibrate the plastic mod-
ulus (i.e. the ho model constant that serves as a scalar mul-
tiplier of the plastic modulus) to efficiently simulate the sig-
nificant effect of stabilization at large cyclic shear strain
levels (e.g. see liquefaction tests in Fig. 2), without signifi-
cantly affecting the predicted response at small and medi-
um cyclic shear strains where stabilization plays a less im-
portant role.
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Fig. 1: Effect of colloidal silica on the normalized shear modulus G/Gmax degradation and hysteretic damping D increase curves
with cyclic shear strain level (data from Spencer et al. 2008) and comparison with numerical results using NTUA-SAND

A ten-fold increase of the plastic modulus as an upper-value
is adopted here to simulate the effect of passive stabiliza-
tion with colloidal silica, i.e. by altering the initial value of
ho from 15,000 (representing “untreated” sand) to 150,000
(representing the “treated” sand). All other model constants
retain their values (as reported in Andrianopoulos et al.
2010), which correspond to employed Nevada sand.
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Fig. 2: Effect of colloidal silica on the cyclic stress ratio CSR
needed for liquefaction for a given number of equivalent
cycles N_ and comparison with numerical results for treated
sand using NTUA-SAND with 2 modeling approaches (data
from Diaz-Rodriguez et al. 2008)

3.1.2 Modifying pore fluid properties
Regarding the second approach, it is acknowledged that any

constitutive model for soils (not only NTUA-SAND) is con-
structed with the aim to simulate the soil skeleton response,
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on the basis of tests performed with water as the pore fluid.
However, the pore fluid in stabilized sand is not water, but
gelled colloidal silica. Hence, the properties of colloidal silica
itself could affect the overall response, especially in bounda-
ry value problems where the conditions are not fully con-
trolled as in element tests.

The same concerns were raised by Towhata (2008) who,
based on results from unconfined compression tests of pure
gelified colloidal silica samples, concluded that this material
has significant volume compressibility in comparison to that
of water (which is practically incompressible). In other
words, while any tendency for volume reduction (e.g. due
to seismic shaking) translates to excess pore pressure de-
velopment in untreated sand, in treated (stabilized) sand
any similar loading is not expected to generate (significant)
excess pore pressures.

Having in mind this observation, numerical analyses were
also conducted by reducing the bulk modulus of the pore
fluid at various values, with K, denoting the bulk modulus
of water. The model constants of NTUA-SAND in these anal-
yses retain the values corresponding to untreated Nevada
sand.

3.1.3 Comparison with laboratory results

Numerical simulations were performed to compare the ef-
fect of the two approaches on the simulation of laboratory
tests. Regarding the small strain modulus Gna.x, the results
(not shown here for reasons of brevity) depict that by intro-
ducing a ten-fold increase of the plastic modulus ho, an
increase of Gmax by 15% to 22% is predicted, in good
agreement with experimental data (e.g. Spencer et al.
2008). However, even if one adopts as pore fluid modulus a
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value 50 times smaller than that of water (Ky/50) no similar
effect on Gmax is found.

Figure 1 emphasizes on the normalized shear modulus
G/Gmax degradation and hysteretic damping D increase
curves with cyclic shear strain level. It compares simula-
tions for “untreated” sand (ho = 15,000) and “treated” sand
(ho = 150,000) in subplots b and d, and compares them to
the resonant column data of Spencer et al. (2008) in sub-
plots (a) and (c), respectively. Observe that similarly to the
test data, no effect of stabilization is observed in the pre-
dicted response for small and medium cyclic strains. Similar
behavior is observed when modifying the pore fluid modulus
to a value of K,/50.

Figure 2 compares the relative increase in the cyclic stress
ratios CSR required for liquefaction attained at given num-
bers of load cycles (N, = 5, 10 and 15) from the tests of
Diaz-Rodriguez et al. (2008), to the predicted pertinent
values for “untreated” (ho = 15,000) and according to the
first approach “treated” sand (ho = 150,000). Similarly to
the relevant data, significant increase of the cyclic re-
sistance is observed resulting from the ten-fold increase of
the plastic modulus. Note that significant increase of the
cyclic resistance is also predicted when modifying the pore
fluid modulus to K,/50, although its effect is less pro-
nounced than that of the first approach.

3.1.4 Comparison with centrifuge tests

This section explores the potential of both approaches to
simulate a boundary value problem involving stabilized
ground. For this purpose, a dynamic centrifuge test is se-
lected (Gallagher et al. 2007b) that refers to the 1D dynam-
ic response of a uniform sand layer under sinusoidal motion.
The test replicates the 1D test performed during the
VELACS project using loose Nevada sand (Dr = 40%), with
the difference being that the Nevada sand in this test is
treated with colloidal silica grout with CS = 6% by weight.
In prototype scale, the experiment refers to 10m deep layer
and is excited by 20 cycles of a 2Hz sinusoidal horizontal
input, with uniform peak base acceleration of 0.2g. The
simulation is performed with NTUASAND model (Andriano-
poulos et al. 2010), since:

a) it has been thoroughly calibrated on Nevada sand data,
the sand used herein as well, and

b) 1D shaking of an untreated horizontal sand layer of Ne-
vada sand has been successfully simulated with this
model.

The details of the simulation are not presented here for
reasons of brevity, since all requirements for accuracy
(mesh density, boundary conditions, etc) of the simulation
for the untreated sand layer (see Andrianopoulos et al.
2010, for details) are retained.

Before proceeding to comparing data to simulations, note
that in comparison to the original experiment for the un-
treated sand, the treated sand did not liquefy during shak-
ing (Gallagher et al. 2007b). Moreover, the treated sand did
not depict deamplification of the ground motion; rather it
even showed significant amplification after the 3-4 cycles,
with peak accelerations reaching 0.55g (in comparison to
0.2g at the base). The measured response also included
significant spikes, which are essentially the cause for the
foregoing amplification.

These traits of the measured response are presented in
Figure 3, which compares the acceleration time history, as
recorded at 2m depth for the treated sand (gray lines), with
its counterpart from various numerical simulations (black
lines). Focusing on Figs 3a and 3b, note that the ten-fold
increase of the plastic modulus, produces minimal benefit in
predictive accuracy (e.g. the numerical analysis still depicts
deamplification of the seismic motion, following liquefaction

of the horizontal layer). Thus, despite that the first ap-
proach seems promising at the element level (see Figs 1
and 2) it fails to predict the system response of the stabi-
lized sand.

centrifuge
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Fig. 3: Comparison of acceleration time-history at a depth
of 2m as measured in centrifuge test with the numerical
predictions using NTUA-SAND with different values for pore
fluid compressibility and under drained conditions (data
from Gallagher et al. 2007b)

Regarding the second approach, the numerical simulations
are compared to the measured time history of acceleration
at 2m depth in Figs 3b to 3e. As expected, by decreasing
the pore fluid bulk modulus, the excess pore pressures are
reduced and even some amplification of the seismic motion
is predicted (0.3g as compared to 0.2g at the base). How-
ever, the predicted peak acceleration remains below the
measured 0.55g, while dilation spikes are not predicted
even for a decrease of the pore fluid modulus by 1000
times. Additionally, the 50-fold reduction of the pore fluid
modulus seems inadequate to predict the system response
of the stabilized sand, despite its good performance at the
element level (see Figs 1 and 2). Finally, Fig. 3f presents
the numerical prediction by assuming fully drained condi-
tions (i.e. no excess pore pressures, or zero pore fluid bulk
modulus), which plots much closer to the measured data,
and this approach poses as a good candidate for a phenom-
enological simulation.

Similar conclusions are drawn from the comparison in terms
of the surface settlement of the stabilized sand layer. As
show in Figure 4, a ten-fold increase of the plastic modulus
ho or a 50-fold decrease of the pore fluid modulus do not
essentially alter the predicted value of surface settlement,
which remains significantly lower than the measured one (in
gray line). Hence, once more, a good performance at the
element level seems inadequate for predicting the system
response. Predicted settlements tend to increase by further
reducing the pore fluid modulus, with the case of K,/500
representing the best fit to the measured values of surface
settlement. It should be underlined here, that the drained
analysis seriously over-predicts the measured settlements,
and is no longer considered a good candidate for a phe-
nomenological simulation of stabilization. For this task, pos-
sibly the case of K,/1000 could be considered an optimal
trade-off in predictive accuracy in terms of both accelera-
tions and settlements.
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Fig. 4: Comparison of settlement time-history as measured
in centrifuge test with the numerical predictions using
NTUA-SAND with different values for pore fluid compressi-
bility and under drained conditions (data from Gallagher et
al. 2007a)

4. CONCLUSIONS

This paper explores the possibility of using existing consti-
tutive models for simulating the response of sands stabi-
lized with colloidal silica. Since the microscopic mechanism
of improvement has not been established yet, this paper
attempts a phenomenological approach to the task at hand.
Based on this numerical study, the following may be con-
cluded:

e Colloidal silica seems to affect mainly the cyclic response
of sands at large cyclic strains, while its effect on the
stiffness and damping values at small and medium
strains is relatively small,

e Existing state-of-the art constitutive models can simu-
late at least macroscopically the response of stabilized
sands at the element level, by mere recalibration (e.g.
increase of plastic modulus) or by introducing a small
decrease to the pore fluid modulus.

e Successful simulations of element tests on stabilized
sands do not necessarily guarantee successful simula-
tions of the system response in boundary value prob-
lems involving stabilized sand.

e The compressibility of colloidal silica after gelation needs
to be explored experimentally. Existing evidence shows
that it is more compressible as compared to water.
Hence, if it is used as a pore fluid (as in passive stabili-
zation) it may lead to significant reductions in pore
pressures, which could qualitatively explain the system
response.
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Seismic performance of gravity retaining walls
subjected to strong excitation

Performance séismique de murs de rétention gravita-
tionnelle soumis a une forte excitation

E. Garini, R. Zakkak, I. Anastasopoulos and G.
Gazetas1

ABSTRACT Seismic earth pressures on retaining structures
are evaluated in practice by the pseudo-static extension of
the Coulomb method known as the Mononobe-Okabe ap-
proach, in which the inertia force on the soil wedge is in-
cluded. In reality, earthquake loading is not permanent but
varies with time. We examine the dynamic response of a
gravity wall in a two-layered soil stratum subjected to hori-
zontal strong seismic acceleration. The cohesionless soil
layers (retained soil and underlying soil) are modelled
inelastically with finite-element discretisation. Their proper-
ties are studied parametrically. As excitations we employ a
number of idealised wavelets and near-fault ground motions
recorded in recent earthquakes. We present results for dy-
namic earth pressures behind the wall, soil displacements,
wall settlement and rotation, and accelerations at several
points. The relative importance of sliding versus rocking is
explored. Comparisons are made with the Mononobe-Okabe
method.

RESUME Les pressions séismiques de la terre qui agissent
sur les murs de souténement sont évaluées dans la pratique
en utilisant I'extension pseudo statique de la méthode con-
nue comme l'approche Mononobe-Okabe, dans le cadre de
laguelle les forces d'inertie du sol sont incluses. Pourtant,
en réalité, la charge séismique n’est pas permanente,
comme c’est supposé dans I'approche pseudo statique, mais
elle differe dans le temps. Cet ouvrage examine la réponse
séismique d’un mur de rétention gravitationnelle dans un
sol a deux strates, et soumis a de fortes accélérations hori-
zontales de la terre. Nous employons comme excitations
quelques ondulations idéalisés et plusieurs accéléro-
grammes enregistrés pendant de récents tremblements de
terre. Le sol est composé de deux couches (la couche rete-
nue et la couche inférieure). En plusieurs points, nous pré-
sentons des résultats quant de la pression dynamique du
sol sur le mur, le déplacement du sol, la rotation du mur, et
les accélérations. Une comparaison avec les résultat de la
méthode Mononobe-Okabe est également effectuée.

1. INTRODUCTION

Gravity retaining walls are the type of retaining walls that
rely on their weight to retain the material behind it. The
weight of the wall has two roles: resisting the overturning
of the wall and causing frictional sliding resistance at the
base of the wall on one hand, and experiencing inertia load-
ing on the other.

Seismic response of even the simplest retaining wall is a
complicated soil-structure interaction problem. The dis-
placements of the wall and the dynamic earth pressures
depend on the response of the retained soil, the inertia of
the wall itself, the foundation soil and the nature of the in-
put motions. The Mononobe-Okabe method (1926), an ex-
tension of Coulomb’s method, is the earliest and most wide-
ly used analytical method. It gives the total active thrust
acting on the wall by applying a pseudostatic inertial force
on the soil wedge. The point of application of the thrust is
presumed at 1/3 the height of the wall above its base. This
method had been modified and simplified by Seed & Whit-
man (1970). Richards & Elms (1979) determined perma-
nent (inelastic) outward displacements, and Nadim & Whit-
man (1983) permanent sliding and rotation using the
Newmark sliding block concept. Veletsos and Younan
(1994) modelled the soil as an elastic medium and obtained
elastodynamic solutions. Several other studies have also
appeared, among which: AI-Homoud & Whitman (1994),
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Wu & Prakash (1999), Gazetas et al. (2005), Huang (2005),
Dakoulas & Gazetas (2008). In parallel, a significant effort
was made in numerical study of seismic earth pressures in
centrifuge experiments by Ortiz et al. (1983), Cai & Bath-
urst (1995), Zeng (1998), Madabhushi & Zeng (2007), Al
Atik & Sitar (2010), and most recently by Mikola & Sitar
(2013).

The scope of this paper is to shed some light into funda-
mental aspects of seismic response of gravity retaining
walls subjected to near-fault ground shaking, with numeri-
cal analyses of a typical gravity wall.

2. MODEL GEOMETRY AND INPUT MOTIONS

A 2-D plane-strain finite element model was constructed
using the ABAQUS commercial code. The discretization con-
sists of four-noded quadrilateral, plane-strain elements. As
shown in Figure 1, the model includes two identical walls,
one opposite to the other, to render the model symmetrical,
and hence to minimize boundary effects. In addition, for
each excitation the model provides results for two directions
of loading, capturing the polarity effect which might be sig-
nificant for this type of asymmetric systems (Gazetas et al.
2009, Garini et al. 2011).

The wall height and width is 12 m and 8 m respectively. The
geometrical limits of the model are 50 m behind each wall.
In order to avoid any interaction between the two walls,
they were placed at a distance of 100 m. The soil properties
are: (i) for the retained soil: p = 1.9 Mgr/m3, E = 100 MPa,
@ = 37.5° y = 7.5° and (ii) for the foundation soil: p = 1.7
Mgr/m?, E = 50 MPa, @ = 35° w = 5° The wall is made
from concrete and its behavior presumed to be elastic. The
soil-wall interfaces are all tensionless with potential for slid-
ing. The coefficient of friction is: y = tan ¢ for the retained
soil and p = (2/3) tan ¢ for the foundation soil. Soil behav-
ior is described by Mohr-Coulomb constitutive law.

Horizontal and vertical viscous dashpots with free field
boundaries were added to absorb the radiated energy from
the P and S waves, respectively. Accelerations, applied at
the base of the model (at -32 m depth), are either idealized
pulses or near-fault seismic records. The latter have been
influenced by forward-directivity or fling-step effects from
the Kobe, Kocaeli, Lefkada and Aegion earthquakes.

In particular, two idealized wavelets are used as simple
representation of near-fault pulses: a threepulse Ricker
wavelet and a multi-pulse Tsang wavelet. The near-fault
accelerograms are: the Takatori (Kobe 1995), Sakarya
(Kocaeli 1999), Lefkada (Lefkada 2003) and Aegion (Aegion
1995). The peak acceleration of each record was normalized
from 0.1g to 1g.

3. RESULTS OF DYNAMIC ANALYSES

For the sake of brevity, only a minimum of all the paramet-
ric results are presented below. In Figure 2 the contours of
plastic strain magnitudes in the soil behind the right wall
are illustrated for the case of a Tsang excitation with fre-
quency 2 Hz and PGA = 0.4 g. It is evident that a failure
wedge forms in the soil behind the wall, while small
plastification is noticed beneath the outer corner of the wall
base. Acceleration-time histories were investigated at three
points (K, L, M) behind the wall at soil surface (Figure 3).
Also shown are the accelerations at (N, O, P) in front of the
wall at its base. The following conclusions are of interest:

¢ Next to the wall (top and base) high spiked components
are included in accelerograms (see points K, N), appar-
ently the result of slippage and wave reflections on the
wall.

The surface acceleration amplitudes in the backfill free
field are only 60% of the exciting peak acceleration
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(PGA)—a deamplification. By contrast in the free field in
front of the wall there is an increase of PGA to 0.53 g.

Next to the wall at the top (points K and L) an asym-
metry is noted in the accelerograms: the outward accel-
eration, developing inward inertia, reaches 0.51 g and
0.45 g at the two points. In the other direction, the wall
outward compliance, limit's the developing peak accel-
eration to 0.33 g and 0.28 g, at points K and L respec-

100 m

tively. Recall the potentially-sliding interface effect
(named PEPSI) shown by Gazetas & Uddin (1994).

Figure 4 portrays the rotation time history of the wall, as
well as the sliding displacement at the base and at the
vertical interfaces between the wall with the retained
soil. As a result at the end of the motion, the wall slided
outwards 10 cm at its base and rotated just 0.36°.

v

} ( 50m

aiariaaainia; R TR
HE t 32m
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; 20m
> >
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Figure 1. Two-dimensional finite element mesh (in ABAQUS) of the soil-retaining wall system: geometry, dimensions and elastic

modulus of soil are presented.
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Figure 2. Plastic strain contours due to a Tsang wavelet of 2 Hz frequency and peak acceleration 0.4 g.
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Figure 3. Acceleration-time histories for: (a) three different points (K, L, M) behind the wall, and (b) three different points (N, O,
P) at the base of the wall. The excitation of the wall-soil system is a Tsang wavelet of 2 Hz frequency and peak acceleration of
0.4 g.
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Figure 4. Rotation and sliding of the wall at its base and at the vertical interface behind the wall.
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Figures 5 and 6 refer to wall response to Takatori ground
motion, the most harmful of those studied herein. It leads
to a horizontal displacement of 2.9 m (for PGA = 1g) and
differential settlement of 2.1 m. Figure 5 shows the distri-
bution with depth of the peak earth pressures for different
peak accelerations, for both right and left wall. For the left
wall, earth pressures increase almost linearly with depth for
all acceleration levels, but for the right wall the pressures
attain an almost uniform distribution with depth — a clear
evidence of the polarity effect, i.e. from the asymmetry of
the record and the response as has been shown by Gazetas
at al. (2009) and Garini et al. (2011).

0.1g 1o
—0.2g
—0.4g
0.6g 10
— (.85
— L 8
- 6
- 4
- 2
r 7 7 7 7 7 7 7 7 i 0

-450 -400 -350 -300 -250 -200 -150 -100 -50 O 50

Max Wall Pressure : kPa

The role of the coefficient of friction, y, is illustrated in Fig-
ure 6. Three values are given to p: 0.4, 0.6, and 1. As can
be seen from Figure 6, earth pressures are smaller for the
smallest friction coefficient, p=0.4. For uy=0.6 and p=1 they
are higher and almost the same. The reduction of earth
pressures stems from the larger horizontal displacements
due to sliding for smaller y. Moreover, a comparison with
Mononobe-Okabe stresses acting on the wall is performed
(dash line in Figure 6). Soil pressure distribution is overes-
timated by the Mononobe-Okabe mainly when the coeffi-
cient of friction is small.

0.1g _ 12
—0.2g
—04
& L 10
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— ().8g
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>
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L 4 3
- 2
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Figure 5. Maximum earth pressure for different peak accelerations on the left and right wall when subjected to Takatori record.
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Figure 6. Comparison of earth pressure on the retaining wall when subjected to Takatori seismic excitation with peak accelera-
tion 0.6 g.

4. SUMMARY AND CONCLUSION

The paper studied numerically the seismic response of a
typical gravity retaining wall. 2-D analyses were conducted
and the response of the retaining wall was investigated for
different excitations and three coefficients of friction.
Asymmetry of the acceleration experienced by the wall and
the soil stems from the outward displacement of the wall.
Decreasing the friction coefficient, p, leads to increased
sliding of the retaining wall, increased horizontal displace-
ments and less rotation of the wall. The seismic response of
a retaining wall is sensitive to the polarity of the seismic
excitation.
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Ilias K. Michalis MSc, DIC

Senior Tunnel and Geotechnical Expert
Deutsche Bahn Engineering & Consulting

*GCC: Gulf Cooperation Council

Invited lecture to the BRIDGES & HIGHWAYS OMAN Confer-
ence / Tunnelling Focus Day, 13 September 2015, Muscat,
OMAN, RET - Rail Expansion & Technology Congress MENA
2015, 15 September 2015, Dubai, UAE and Qatar Transport
Infrastructure 2015 Conference, 13 October 2015, Doha,
Qatar.

llias K. Michalis MSc, DIC
Senior Tunnel and Geotechnical Expert
Deutsche Bahn Engineering & Consulting

of the pres“‘

On going main tunnelling projects in the GCC
countries

Future main tunnelling projects in the GCC
countries

Tunnelling challenges and their main causes in the
GCC countries

Solutions based on design innovations and well
targeted risk analyses

Solutions fitted in the framework: “LARGE SCALE
PROJECTS to be completed in a tight time
framework” — Estimations of TBM advance rates

Conclusions

0 maln tunnellln

Doha Metro Network -
Phase 1

. Total length: 128 km
. Underground: 74 km
. Elevated: 25 km
. At Grade: 29 km
. No of Stations: 49
v' Estimated Completion
Year: 2019
v’ Estimated Cost: ~ 20
billion Euros
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main tunnellir

« IDRIS (Inner Doha Re-
sewage Implementation
Strategy)

1. 40 km of deep main truck

sewer

2. > 70km of lateral

interceptor sewers

v' Estimated Completion
Year: 2019

v’ Estimated Cost ~ 2.5
billion Euros

 Riyadh Metro Project

1. Total length = 176km
2. No of Lines = 6
3. No of Stations = 78

v Estimated Completion
Year 2019

v’ Estimated Cost ~ 20
billion Euros

Doha Metro Network —
Phase 2

. Total length: 103km
. Underground: 40km

. Elevated: 51km
. At Grade: 12km
No of Stations: 45

v Estlmated Completion
Year 2026

The Kuwait
Metropolitan Rapid

s Transit System Project
s & planned four-line

g Em natwork which
UI} total 160 km with

* transit line, two hght
‘nnl lines and bus

The estimated total
length of the Oman
National railway
network is 2135km.
Several tunnel
stretches will be
constructed. Freight
. train maximum
stem would be 101 speeds shall be 120
km/hr and for
£ S Ailometers (62 miles)

passenger trains
with 36 stations. 220 km/hr
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” scale of Me

Geotechnical & Hydrogeological conditions Construction Logistics:
Topographical conditions & Adverse . 20 -30 Mio m3 of excavation materials
geotechnical conditions — Significant . 3 — 5 Mio m3 of Backfill

overburden heights: Possible squeezing . 4 — 6 Mio m3 of concrete
Environmental conditions — Groundwater . 480,000 — 650,000 tunnel segments
aggressiveness Supply and disposal logistics:
Scale of the Projects — Very demanding . Congested cities

logistics requirements . Limited space

Time framework of the Projects . Well coordinated materials supply

+ Completion time: 5 to 6 years

 Decisions for the chosen construction methodologies
must be based on well elaborated risk analyses

Weak rocks (e.g.
Limestone formations)

Karstic features (Voids,
Karstic depressions,
sinkholes) — Weathered
zones

Swelling potential of soil |
& rock formations

Significant groundwater ./ L
inflows & High 1

groundwater pressures Ml

Cloride content: « Difficulty in measuring rock mass properties
& assessing the design parameters

Sulphate content: E | The design values of shear strength and
; deformability parameters can be estimated:
Magnesium content: iy g (i) empirically by wusing rock mass
Concrete Structures o e . . o g

! classification systems and well justified

Groundwater 4 . oA
temperature: gt mathematical formulae and / or (ii) by
evaluating properly good quality in-situ test
pH values: results (e.g. dilatometer tests, pressuremeter

tests) and laboratory test results

gnificant overburden heigh

ical conditions— Sg ges in Weak Rocks (e.g. Si

1 geotechnical paran

SHEEH i Design
7 q Empirical esig
Inspection / Testing e Index values of

of Rockmass (RMR, tlae rockmass
i GSI) properties

d | I Rock classification systems are not directly
Altered ] . i applicable in weak rocks (e.g. Simsima limestone)

Conglomerates s . - Methods commonly adopted are:
and Ophiolites
in North Oman + Fo ) Severs el comvergences, Squeezing rck mass condtons

Magor furnél convergen Very weak fock mass

The use of modified “Classification systems” &

modified empirical formulae and /or X
Design values of
Monitoring + Back Analysis rock mass
properties

y Fackor — A new parameter

fecharucs and Gestechnica . Elaboration of tests results versus shear strain

, A, Wavianos, G., & Doulis, G. (2008) Turrel

2 -;nwn-mumlu ssaddty conditions of shaflow tunnels in

weak ok emarcnment. Proc. 17 Intemational Conferance on Scil Mechanics and Geclechnical
Engineenng, Alsxandria.
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>nges in Weak Rocks (e.g
assification S

« Classification System for Simsima
Limestone (Weathered and Fresh)

A.Structure:

1. Compact character and any
potential fracturation

2. Presence of inherent primary
(sedimentary) discontinuities

3. Presence and amount of vugs

B. Quality:

1. Weathered fraction in the
rockmass

2. The quality of the weathered
material

39 ation of any other type

, as sedimentary
ercalation (e.g. veins of marls,

shales, etc. in limestone)

C. Groundwater conditions

in Weak Rocks (e.g. £

Classification System
for Ophiolites in
Oman

v’ Consideration of
various alteration
degrees that
downgrade
significantly the
geomechanical
properties

Representation of the
rockmass stiffness as
a function of the shear
strain amplitudes

Proposed Rock mass
stiffness value at the
range of shear strain:
0.5X1073t0 1073
(dilatometer tests and in
the initial loading cycles
of pressuremeter tests)

nnelling Chal

e Face instability and
deformations w&mm

» Explorations of karstic
features:

Geological mapping of
surface depressions
Geophysical
investigations
Detailed investigations
of the pin-pointed
geophysical anomalies
Exploration ahead of
the tunnel face, during
TBM operations

BEAM OP-Untinside  ANe) imer lecrodes
(insulated roller bils)
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gin Weak Rocks & i
esign & Co

nallenges in Rocks wit|

Swelling = Increase in volume
when the Rocks come into
contact with water

Swelling occurs in Rocks
containing clay minerals and / or
anhydrite. Linked with the
chemical composition of the
Rocks

In tunnelling : Swelling of rocks
manifests itself as a heave of the
tunnel floor, or as pressure on
the invert arch

Swelling pressures can take place
rapidly

In some cases , swelling
processes continue several
decades after tunnel completion
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erse grouna

Adverse
groundwater
conditions:
ficant groundwater
g. 3,000m3
5,000m3/hr)
High groundwater
pressures (e.g. > 4 bars)

Squeezing phenomena are
related to the
development of excessive
“time dependent rock
loads” & movements
Squeezing conditions
depend on ratio: ( O,y ;
rockmass strength / 0, ; in
in situ vertical stress ). It
is a yielding mechanism of
hard rocks in very deep
tunnelling

Failures of primary lining
Tunnel collapses

ing in “Squeezin
structi

gressive grou

SFR improves the conerete be
with respect to cor on becaus
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E ground (GPa)

Mechanized tunnelling — TBM

Choice of the right type and number of
TBMs

The choice must be based on: (i) the good
knowledge of ground and groundwater
conditions and (ii) the results of well
elaborated risk analyses

“Safe” estimations of TBM advance rates
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. On going and future large scale tunnelling
projects in the GCC region are
challenging

. Existing geotechnical and hydrogeological
conditions must be evaluated in detail

. The “Mega” Scale of the Projects has
demanding logistics requirements

. Innovative tunnelling design and
construction solutions must be used

. Detailed and rather sophisticated
geotechnical investigations must be
performed

. Design geotechnical parameters must be
evaluated very carefully and the local
experience is extremely useful

. Closed mode TBM is preferable

. NATM application demands the use of
sophisticated excavation and retaining
techniques

. SFRC tunnel linings can be used, in the
framework of their application limits

Thank you
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Ilias K. Michalis for the last 3 years is continuously working
with Deutsche Bahn Engineering & Consulting offering his
consulting services to the Technical Department of Qatar
Rail both for Doha Metro and Long Distance projects. The
focus of his services is on to providing technical solutions to
the significant tunneling and geotechnical design issues of
the aforesaid projects. He has 20 years of experience work-
ing as tunnel and geotechnical expert in major infrastruc-
ture projects, including among others: (a) Athens and Thes-
saloniki Metros in Greece, (b) the 700km Egnatia Motorway
in North Greece and (c) three major concession motorways
in Greece of total length of 700km approximately. He is an
author of more than 25 scientific publications and has deliv-
ered until now 8 invited lectures to regional (GCC) and in-
ternational tunnelling and geotechnical conferences.

ZeAida 26



AIAKPIZEI> EAAHNQN
F’EQMHXANIKQN

NMpookekAnpévn diaAegn HAia MixaAn os
ouvEdpia os Gulf Cooperation Council Countries

To péAog Tng EEEEMM HAiag MixaAng npooekAndn kai £€dwoe
OIGAEEN O pIa OEIpd OUVEDPIWV OTNV MEPIOXN TWV XWPWV
Tou ZupBouliou Zuvepyaaiag Mepaikou KoAnou (Gulf Coop-
eration Council Countries). MpooekAR6n oto BRIDGES &
HIGHWAYS OMAN Conference / Tunnelling Focus Day, 13
September 2015, Muscat, OMAN, oto RET - Rail Expansion
& Technology Congress MENA 2015, 15 September 2015,
Dubai, UAE, kaBwg kal oto Qatar Transport Infrastructure
2015 Conference, 13 October 2015, Doha, Qatar.

H napouaiaon Tng d1AAeENG Tou oTa cuvedpia diveral aTIg
nponyoupeveg oeAideg TOU NePIODIKOU.
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NEA ANO TIz
EAANAHNIKEZ KAI
AIEONEIz
FEQTEXNIKEZ ENQZEI2

SIMSG ISSMGE

ISSMGE Webinars

Samuel I.K Ampadu (Ghana)
December 2015
Characterizing lateritic soils

Serge Leroueil (Canada)

January 2016
Consolidation and creep

(G248 -0

\ssociazione

Geoteenica
[taliana

XIV Croce Lecture

Since 2000 the Italian Geotechnical Society (AGI) organises
a yearly Conference dedicated to the memory of the late
Professor Arrigo Croce, who was the first professor of Soil
Mechanics in Italy, President of the AGI, vice-President for
Europe of the ISSMFE and co-founder of the Technical
Committee devoted to the Geotechnical Aspects of
Preservation of Historic Sites.

Past Lectures delivered by: Prof. Carlo Viggiani,Prof. Michele
Jamiolkowski, Prof. Ruggiero Jappelli, Prof. Giovanni Cala-
bresi, Prof. Giovanni Barla, Prof. Beniamino D’Elia, Prof.
Giuseppe Ricceri, Prof. Luciano Picarelli, Prof. Alberto
Burghignoli, Prof. Eduardo Alonso, Prof. Renato Lancellotta,
Prof. Kenichi Soga, Prof. Leonardo Cascini were printed on

RIG: www.associazionegeotecnica.it/rig/croce lecture.

We are now very happy to announce that the 2015 Lecturer
will be: Prof. Sarah M. Springman, ETH Zirich, who de-
cided to give a lecture with the very stimulating title:
Lessons learnt for geotechnical engineering practice
from field case histories and centrifuge modelling
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The Conference will be held on December 11%, 2015 in
Rome, in the Conference Room of ANCE - Italian National
Association of Building Contractors

All members of ISSMGE are welcome. We attach the regi-
stration form (PDF editable) that we would like you to di-
stribute among your members.

We hope to see many of you at the Conference, to attend
the interesting Lecture of Prof. Springman and have the
chance of visiting Rome, a very pleasant town also in the
period before Christmas.

With my best regards,

Nicola Moraci
AGI President

Associazione Geotecnica Italiana
Viale dell’Universita 11

00185 Roma

Tel. 06 4465569 - 06 44704349

Fax 06 44361035

Email: agi@associazionegeotecnica.it
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPICTOTEPEG NANPOPOPI-
€C MnopoUv va avalntnBolv oTa nponyoUpheva TeUxn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

ICSGE 2015 - The International Conference on Soft Ground
Engineering, 3-4 December 2015, Singapore,
WWwWw.geoss.sg/icsge2015

The 1st International Conference on Geo-Energy and Geo-
Environment (GeGe2015) 4th and 5th December 2015,
Hong Kong, http://gege2015.ust.hk

2015 6™ International Conference Recent Advances in Ge-
otechnical Engineering and Soil Dynamics, December 7-11,
2015, New Delhi (NCR), India, wason2009@gmail.com;
wasonfeg@iitr.ernet.in, sharmamukat@gmail.com;
mukutfeg@iitr.ernet.in, gvramanaiitdelhi@gmail.com,

ajaycbri@gmail.com

Southern African Rock Engineering Symposium an ISRM
Regional Symposium, 5 January 2016, Cape Town, South
Africa, http://10times.com/southern-african-rock

Environmental Connection Conference, February 16-19,
2016, San Antonio, Texas, USA,
www.ieca.org/conference/annual/ec.asp

ASIA 2016 - Sixth International Conference on Water Re-
sources and Hydropower Development in Asia, 1-3 March
2016, Vientiane, Lao PDR, www.hydropower-
dams.com/pdfs/asia20161.pdf

GeoAmericas 2016 3™ Panamerican Conference on
Geosynthetics, 11 - 14 April 2016, Miami Beach, USA,
www.geoamericas2016.0rg

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

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

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

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

www.rs2016.org

84th ICOLD Annual Meeting, 16-20 May 2016,
Johannesburg, South Africa, www.icold2016.org

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

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

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

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

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

International Mini Symposium Chubu (IMS-Chubu) New
concepts and new developments in soil mechanics and ge-
otechnical engineering, 26 - 28 May 2016, Nagoya, Aichi,
Japan,

www.jiban.or.jp/index.php?option=com content&view=artic
le&id=1737:2016052628&catid=16:2008-09-10-05-02-
09&Itemid

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

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

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

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

o3 D

»2/ICONHIC2016

15t International Conference on
Natural Hazards and Infrastructure: Protection,
Design, Rehabilitation
28-30 June 2016, Chania, Greece
http://iconhic2016.com

We are delighted to invite you to Chania, Greece for the
“1%tInternational Conference on Natural Hazards and Infra-
structure: Protection, Design, Rehabilitation”.

With this new Conference we aim to bring under one roof
specialists from the academia and industry on earthquake
engineering, landslides, floods, tsunamis and hurricanes As
we have witnessed several times in recent years, our civil
infrastructure is exposed to one or several of these
threats and it is us, engineers, who mainly undertake
the task of designing against them to minimize the
risk and reduce fatalities.

This conference gives us all the opportunity to not only
state our case in our own specialty but also to watch and
listen how our “scientific neighbors” are coping with in their
fields of expertise; this is the essence of cross-fertili-
zation of knowledge. To achieve this goal, our conference
will include excellent keynote lectures, special and theme
sessions as well as 5-in-5 presentations in what we hope to
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be a most lively event encouraging discussion on challeng-
ing topics.

Looking forward to meeting you in Greece on 28-30 June
2016!

Professor George Gazetas, Conference Chairman
CONFERENCE THEMES
CROSS-CUTTING TOPICS

e Physical Modeling in Lab and Field: from miniature to
large scale Testing

e Resilient Infrastructure Design: from structural Robust-
ness to adaptive Systems

e Community Preparedness and Resilience to Natural Dis-
asters

e Cascading Hazards and Multiple Risk Assessment
Sensing and Monitoring: from local Instrumentation to
Satellite technologies

e Case studies and lessons learned
e Eco-friendly mitigation techniques

e Engineering in harsh Environments (Offshore Challeng-
es, Arctic Areas, Deep-Water Systems

EARTHQUAKES

e Engineering Seismology & Ground Motion Simulation
e Assessment, Analysis and Retrofitting of Structures

e Aging Infrastructure and future Earthquakes: concrete,
steel and masonry Structures

e Seismic Design of Foundations and Underground Struc-
tures
Ground Failure & Liquefaction: Analysis and effects on
Structures and Lifelines

e Isolation and Energy Dissipation Devices
LANDSLIDES

e Landslides Prevention and Mitigation: Design Practice
and New Concepts

e Hazard Assessment and Sensing

e Offshore Landslides and effects on submarine Structures
and Pipelines

e Earthquake/Flood induced Landslides
Modeling

Analysis and

FLOODS & TSUNAMIS

e Flood-resistant Design: Applications on Dams and Lev-
ees

e Tsunami-resistant Design
e Tsunami Generation - Propagation
e Flood & Tsunami Disasters: Prevention — Mitigation

TECHNICAL SESSIONS
Keynote Lectures (KS)

They will be delivered to all participants together by 2 inter-
nationally renowned experts moderated by a panel consist-
ing of Steering Committee members. In order to cross-
fertilize experience and methodologies, these sessions will
have a slightly longer duration allowing for some discus-
sion- which of course could then be continued at the end of
the session.

General Sessions (GS)

These sessions will focus on specific research fields. They
will be organized and moderated by 2 chairpersons and will

be running in parallel sessions. Each GS will include oral
presentations of papers submitted to the conference.

Special Sessions (SS)

Special Sessions will include a panel of invited speakers on
cross-cutting topics and will be even organized by compa-
nies. SS could include presentation of suitable papers sub-
mitted to the conference.

5-in-5 oral presentations

During this lively session, authors will be allocated a five
minutes slot to underline their research results through a
five slides presentation. Presentations will run in parallel in
thematic kiosks within the same hall, allowing delegates to
seamlessly move from one kiosk to another during the 1-
minute  break between consecutive presentations.
The unique format of this session will encourage interaction
between delegates and authors, and give the participants
the opportunity to get a flavor of subjects other than their
own specialty.

Posters

Physical Poster Boards will bear poster presentations during
the coffee and lunch breaks

Please send your email at secreteriat@iconhic2016.com.
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4th GeoChina International Conference Sustainable Civil
Infrastructures: Innovative Technologies for Severe Weath-
ers and Climate Changes, July 25-27, 2016, Shandong,
China, http://geochina2016.geoconf.org

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

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

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

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

o3 O
f o World Multidisciplinary Earth Sciences Symposium
YWIMESS WM
WOWW MESS-EARTTHLORG 5-49 Seprember, 2016 - Prague {Czech Republic)

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

WMESS aims to provide a forum for discussion of the latest
findings and technologies in different fields of Earth Scienc-
es, to give opportunities for future collaborations, to be a
platform for sharing knowledge and experiences in the fields
of Earth Sciences and to lead for providing a forum for early
career researchers for presentation of their work and dis-
cussion of their ideas with experts in different fields of Earth
Sciences.

The main mission of the "World Multidisciplinary Earth Sci-
ences Symposium - WMESS" is to lead to contribute in mul-
tidisciplinary studies related with atmosphere, biosphere,
hydrosphere, lithosphere and pedosphere of the Earth and
interaction of the human with them. As another mission it
will provide a forum for this diverse range of studies which
report very latest results and document emerging under-
standing of the Earth's system and our place in it.

Topics of the Conference

Tectonics & Structural Geology

Engineering Geology

Geotechnics

Hydro-Hydrogeological Sciences

Natural Hazards

Qil, Gas & Coal

Geothermal Energy

Geomorphology

Geochemistry, Mineralogy, Petrology & Volcanology
Stratigraphy, Sedimentology & Palaeontology
Geophysics & Seismology

Geodesy, Photogrammetry & Cartography
Informatics, Geoinformatics & Remote Sensing
Mining Engineering

Mineral Processing

Blasting & New Technologies

Natural Resources

Environmental Sciences

Energy, Resources & Pollution & the Environment
Environmental Legislation

Biogeosciences

Geological Heritage & Geoparks

Urban Planning

Atmospheric Sciences

Oceanography

Climatology

Glaciology

Modelling and Soft Computing in Earth Sciences
Medical Geology

Occupational Health and Safety

Contact: mess@mess-earth.org

3 D

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

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

EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,
www.eurogeob.org
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27th - 30th

= SEPTEMBER 2016
oo CRETE
CaA: 2016

5th International Conference on
& Olerrne INDUSTRIAL & HAZARDOUS
|

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

The conference topics will respond to significant issues that
are interested the scientific community worldwide. For this
reason the scheduled sessions and special workshops will
mainly focus on:

e Industrial and Hazardous Waste Regulation / Legislation

e Industrial and Hazardous Waste Characterization

e Industrial and Hazardous Waste Management Practices
Treatment and Disposal

e Industrial and Hazardous Waste Production, Minimiza-
tion and Recycling

e Hazardous Waste Toxicology - Risk Assessment

e Treatment of Hazardous Waste Landfill and Mine
Leachates

e Contaminant Release and Transport
e Management of Contaminated Sites

e Special Waste (Medical, Radioactive, WEEE, Agro-
Industrial, Asbestos, Plastics etc.)

e War and Environmental Impact
e Waste - to - Energy Concepts

e (Case Studies

Organizing Secreteriat: hwm.conferences@enveng.tuc.gr.

3

2nd International Specialized Conference on
Soft Rocks
29-30 September 2016, Cartagena, Colombia

Contact Person: Mario Camilo Torres Suarez

Address: Calle 12C, No. 8-79 Of. 512

Telephone: +57 1 3340270

Fax: +57 1 3340270

E-mail: sociedadcolombianadegeotecnia@scg.org.co
3 O
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ARMS 9, 9th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 18-20 October 2016, Bali, Indonesia,
http://arms9.com

(G248 -0

Shaping the Future of Geotechnical Education
International Conference on Geo-Engineering

Education
20 - 22 October 2016, Minascentro, Belo Horizonte,
MG, Brazil
http://cobramseg2016.com.br/index.php/sfge-

sobre/?lang=en

SFGE 2016 is the fourth in the series of international con-
ferences about geo-engineering education organised by the
International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE) through its Technical Committees
and Member Societies. The previous conferences were:

e 1st International Conference on Geotechnical Engineer-
ing Education and Training, Sinaia, Romania, 12-14
June, 2000

e 1st International Conference on Education and Training
in Geo-Engineering Sciences: Soil Mechanics and Ge-
otechnical Engineering, Engineering Geology, Rock Me-
chanics (ICETGES), Constantza, Romania, 2-4 June,
2008

e Shaking the Foundations of Geo-Engineering Education
(SFGE 2012), Galway, Ireland, 4-6 July, 2012

The latest conference was the first to be organised by
TC306, the Technical Committee on Geo-Engineering Edu-
cation of ISSMGE.

SFGE 2016 - Shaping the Future of Geotechnical Education
is also organised by TC306 and will take place in Belo Hori-
zonte, Brazil, 19-20 October, 2016, in conjunction with a
series of geotechnical events organised by the Brazilian
Society for Soil Mechanics and Geotechnical Engineering
(ABMS). At least two sessions will be shared by SFGE 2016
and GeoJlovem 2016, the Brazilian and South American
Young Geotechnical Engineers’ conference, thus bringing
together educators and students.

The Geotechnical Engineering and Rock Mechanics Brazilian
conferences will also create a proper opportunity to enrich
SFGE 2016 sessions with contributions from industry re-
garding geo-engineering education.

The two most recent conferences have created a momen-
tum. Those who have attended can testify that the way
they address geo-engineering education has been positively
and significantly influenced by those conferences. SFGE
2016 shall be no different, so do plan to attend!

Topics

e Effective education in geotechnical principles
e Innovative geotechnical courses and programs
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Laboratory coursework
Field coursework

Project based coursework
Active learning

The role of internships

IT applications

Opinion articles

Contact: sfge2016@cobramseg2016.com.br
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GeoAsia 6 - 6™ Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704

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

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

o3 D

NORWAY
BERGEN

World Tunnel Congress 2017
Surface problems - Underground solutions
9 to 16 June 2017, Bergen, Norway
www.wtc2017.no

“Surface problems - Underground solutions” is more than a
slogan; for ITA-AITES and its members it is a challenge and
commitment to contribute to sustainable development. The
challenges are numerous and the availability of space for
necessary infrastructure ends up being the key to good so-
lutions. The underground is at present only marginally uti-
lized. The potential for extended and improved utilization is
enormous.

o3 D

EUROCK 2017
13-15 June 2017, Ostrava, Czech Republic

Contact Person: Prof. Petr Konicek

Address
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Studentska 1768

708 00 Ostrava-Poruba

Czech Republic

Telephone: + 420 596 979 224

Fax: + 420 596 919 452
E-mail: petr.konicek@ugn.cas.cz
3

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

3 D

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

O3 D

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

(G240

10th Asian Rock mechanics Symposium -
ARMS10
October 2018, Singapore

Prof. Yingxin Zhou

Address:

1 Liang Seah Street

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

3 D

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

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

o3 O

UNSAT2018

The 7" International Conference on
Unsaturated Soils
3 - 5 August 2018, Hong Kong, China
www.unsat2018.or

Following the success of the last conference held in Sydney,
Australia in 2014, the HKUST is pleased to invite you to
attend the 7" International Conference on Unsaturated Soils
(UNSAT2018) in August 2018. This conference will cover a
broad range of themes and provide an excellent opportunity
for worldwide academics, engineers, scientists, government
officials and planners to present and exchange the latest
developments in the research and application of unsaturat-
ed soil mechanics.

The 2" Blight Lecture will be delivered by Professor Delwyn
Fredlund at UNSAT2018.

Conference themes
Fundamental soil behaviour

Micro- and macro-structure

Water retention

Stress-strain behaviour

Multi-physic couplings (e.g., temperature, chemistry,
biology etc.)

Cyclic/dynamic behaviour

Behaviour of multiphase soils, soft and hard rocks

New equipment and testing methods

e Advanced and new testing equipment
e Sensors for suction/moisture measurements
e In-situ/field testing

Modelling

e Constitutive modelling
e Physical modelling including centrifuge
e Numerical modelling and analysis

Geotechnical engineering problems
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e Infrastructural developments such as earth and rockfill
dams, roads, embankments and railways

e Natural and man-made hazards such as stability of fill
slopes and rainfall-induced landslides

Foundations in unsaturated soils
Mining engineering

Energy and environmental issues

Bio-engineering
Vegetation effects
Climate change, soil-atmospheric interaction

Geo-environment such as capillary barriers, nuclear
waste disposal and CO, sequestration

e Geo-energy such as energy piles, gas hydrates

Contact Us

Dr Anthony Leung (Technical Secretary)

School of Science and Engineering

University of Dundee

Tel: (44)01382 384390; Fax: (44)01382 382398

Ms Shirley Tse (Administrative Secretary)

Geotechnical Centrifuge Facility

The Hong Kong University of Science and Technology, Clear
Water Bay, Kowloon, HKSAR

Tel: (852) 2358-0216; Fax: (852) 2243-0040

E-mail: unsat2018@ust.hk

(G240

14th ISRM International Congress
2019, Foz de Iguacu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b
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Video: Sinkhole on Queensland Beach!

The idyllic beach to Inskip Point in Queensland, Aus-
tralia, had blue water golden sand and attracts camp-
ers and nature lovers. However, on Saturday night,
an enormous hole opened suddenly and swept away
tents and vehicles, causing chaos to campers who
evacuated the area.

The idyllic beach to Inskip Point in Queensland, Australia,
had blue water golden sand and attracts campers and na-
ture lovers. However, on Saturday night, an enormous hole
opened suddenly and swept away tents and vehicles, caus-
ing chaos to campers who evacuated the area. Fortunately
no injuries were reported, according to Australian media.

It seems that fishermen were the first who realized that
something was happening. The campers said they heard a
noise like a storm and barely had time to leave before the
beach disappears under water -along with tents, caravans,
small vehicles and other possessions.

That point of the beach is about 7.5 meters under water.
The sea 'swallowed' about 200 meters of beachfront.

The campers evacuated the beach and access is no longer
allowed to a large part of it.

A Queensland Government geotechnical engineer thinks
that the event may have been a "near-shore landslide" ra-
ther than a sinkhole.

Watch the video provided under media below!

https://www.youtube.com/watch?v=zQSFQGoztDI

(Geoengineer.org, Monday, 28 September 2015)

3 D

Huge sinkhole among houses in Hertfordshire

Dozens of families were left without water and gas. Miracu-
lously there were no casualties in Hertfordshire in London,
UK when a twenty-meter hole in the ground, opened up!
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The phenomenon is becoming increasingly alarming, taking
a global dimension. The sudden decline of soil in the British
area caused no casualties, but left 58 families without wa-
ter, gas and electricity, as well as the city's infrastructure
collapsed.

A large number of inhabitants were forced to evacuate the
area, until it is safe to return to their homes and repair the
damage to the networks.

The sinkhole created a diameter of twenty meters and a
depth of ten. A few days ago a small hole had appeared in
the road, however, authorities felt that it was caused by the
intense rains that preceded.

In August a twelve-meter sinkhole had appeared in the
main street of Manchester. Such phenomena have been
recorded around the globe.

(Geoengineer.org, Wednesday, 07 October 2015)
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ENAIAG®EPONTA -
2EI2MOI

Mioo Bouvo otn 6aAacca
Apxaia kKaTappeuon NPAICTEIOU «ONKWOE
Toouvayl 180 HETPpWV»

2x€dOV To HIOO neaioTelo oTo vnaoi ®oyko (Je&id) Exel NEoel
OTOV WKEAVO

Ta anoTeAéopara TNG KATAOTPOPNG €ival akopa opaTd o< au-
TO TO NPAICTEIOYEVEG vNnoi Tou Mpdcivou AkpwTnpiou: n Wia
nNAgupd Tou neaioTeiou Aginel, oTn B€on TNG HOVO MIa PEYAAN
YEWAOYIKN OUAN. Z& €va aAAo vnoi, 55 XIANIONETpa pakpid,
oykOAIBol Twv 700 TOvwv deixvouv va €XOuV HETAKIVNOEI
HuoTnPIwdwG 200 pETPA naAvw and Tnv EeMQAveid Tng
8alaocoag.

Ti ouvdéel Ta dUo vnaold; Mia katoAioBnon BIBAIkwV diacTda-
OEWV MOU ONKWOE Toouvapl 200 pETpwy, €va and Ta peya-
AUTepa oOTO YewAOYIKO apyeio, NpoTeivel vEa PEAETN OTn
diadikTuakn €kdoaon Tou Science.

H kaTtoAioBnon ouvéBn npiv and 73.000 xpovia oTo vnai
doyko, €Ew anod TIG AKTEG TNG AUTIKAG APPIKAG, OTNV npay-
MaTikOTNTa €va n@aioTeio nou opBwveTal onuepa o UWoG
2.829 WETPWV Kal €KPRyvuTal TakTikG, nepinou kabe 20
Xpovia.

Kaveig dev ap@ioBnTei 0TI, kAnola OTIydr OTO WAKPIVO na-
peABOY, 0 MICOG nNQAIOTEIOKOG KWVOG KATEPPEUDE -Ta
NETPWHATA anod Ta onoia anoTehouvTav PpiockovTal oriuepa
nerapéva oto BuBO. AuTd yia To onoio dev ATav BERalol ol
YEWAOYOI €ival To €dv n nAayld KaTEPPEUTE OAOKANpPN
andTtopa, f av diaAlBnke oTadiakd, O HIa OEIpA HIKPOTEPWV
KAaToAIGONOEWV.

H véa €peuva, Tnv onoia unoypdgel digbvng opdada gpeuvn-
TV, KataAnyer ortnv €&nynon OTI OAOKANPN n nAayid,
nepinou 160 KUBIKG XINIOUETPA Bpaxou, ENECE PE TN Wia oTn
8dalacoa.

O1 papTupeg autoU TOU KATAGTPOPIKOU CUMPBAVTOG Bpiokov-
Tal akoOua Kal onpepa oTo =avTidyo, £€va AAAo vnoi oTo
apxinéhayog Tou [pdoivou AkpwTnpiou. OI €peuvnTEg
napa€evelTnkav and oykOAIBoug, opiouEvol and Toug
onoioug €xouv Péyebog popTnyou Kal Bapog 770 Tdvoug, ol
onoiol BpiokovTal didonapTol YEoa OTO vNOi, akOua Kal o€
uwopeTpo 200 pETPpWY Kal o€ anooTacn 600 pETpwy and Tig
QKTEC.

01 oykOAIBoI oTo vNnoi ZavTiayo dia@Eépouv anod Tn YewAoyia
Tou Tonmiou (0.€. BAéNE emiouvanTopevn NePIANWN HEAETNG)

O1 yiydvTiol Bpaxol poialouv araipiagTol o€ €va Tomio and
(PPEOKA NQPAIOTEIOKA METPOMATA, AEVE 01 €peuvNTEG. Mold-
ouv OUWG PE TOuG aoBeoTOAIBOUG KAl TOUG BACAATEG mnou
BpiokovTal TNV akpn Tou vnaiou.

H povn pealioTiki €Efynon nou Unopeoce va dWOEl N EpEUVN-
TIKR} opdada eivar OTI oI oykOAiBol BpiokovTav KAMoTe OTIG
anokKpNnMVEG aKTEC Tou vnoloU Kal WETAQEPBNKAvV OTO
€0WTEPIKO TOU ANO KAMOIO YIyavTio Toouvapl. Me Bdon Tnv
evépyela nou Ba anaitoUvTav yia va oupBei KATI TETOIO, OI
€pEUVNTEG uUnoAoyifouv OTI To KUPa nMpEneEl va €ixe
TouAaxioTov 180 péTpa UWog Kal va £QTACE O UWOMETPO
TouAdxioTov 200 WETPWV KABWG KATEKAULE Ta UYPWUATA Tou
ZavTidyo.

MNa va xpovoAoyrnoouv To cuppdav, Ol gpeuvnTéG €E€Tacav
TOUG OYKOAIBOUG Kal HETPNOAV TNV MEPIEKTIKOTNTA O NAIO-3,
€va 100Tono Tou agpiou AAIOU Mou napdyeral anodé TNV npoo-
KPOUON KOOMIKWV aKTiVWV OTav 0 Bpaxog sival eKTeBEINEVOG.
AuTO £dwoe Wia nAikia 73.000 eTwv, gvTdG TOU Opiou TwV
NAIKIOV nou €ixe dwoel Wia nponyoUHevn HEAETN yia Tnv
KaToAioBnon n TIG kaTtoAloBroeig, npiv anod 65 fwg 124
XIAIGdeg xpovia.

'Eva kUha Uwoug 180 PETpWV WNopEl va akoUyeTal unepPBoAI-
KO, av OKEQTEl Kaveig OTI Ta TOOUVAWI Mou odpwoav Tov
Ivdikd To 2004 kal Tnv Ianwvia 1o 2011 dev Eenepvoloav Ta
40 peTpa.

Ki 0pwg, oto npdogato napeABov €xouv kataypa@ei noAu
MeyaAUTepa kUpaTa. To pekOp AVAKEI OTO CUMBAV TNG 9ng
IouAiou 1958, oTtav évag oeiopog £pie 90 ekaToppupia To-
VOUG PBpdaxou OTOV danopovwupévo KOAMo AiTouyla Tng
AANGOKAG: TOo KUMA MOU €0KACE OTNV anévavTi nAayida Eprave
o€ UYOoC TOV anioTeEUTO apiBuo TwV 550 PETPWV.

Ynapxel BEBaia pia onuavTikn dia@opd: TA TOOUVAMI TNG
AAdoka kal Tou vnoioU ®oyko, Eekivnoav and TOMIKEG KATo-
MOBAOEIC, 0uCIaoTIKA ONMEIOKEG nnyég oTtov  XapTn.
AvTiBeTa, Ta Toouvaul Tou Ivdikou kal TnG Ianwviag
npokAndnkav and Tn peratoémion Tou PBuboU O PAKOG
€KATOVTAdWV XIAIOMETPWY, KAl N KATACTPOPIKN €VEPYEIQ
TOUG £QTAcE NOoAU pakpuTepa.

Evdexouevn véa katoAiobnon oto ®oyko dev Ba eixe TOOO
MEYAAEG OUVENEIEG, Ba KATEOTPEPE OUWG KAl NAAI TO anévav-
TI vnoi Tou ZavTiayo, H€ NAnBuouo 250.000 avBpwnwy.

To ngaioTeio Tou ®dyko €Eeppayn yia TeEAeuTaia Qopa née-
puUCI, ME aNOTEAECHA va KATAoTpa@oUv KThpia Kal va
ekTonioTouv 1.200 avBpwnol.

'Onwg oxoAldlel o Pokdpvto PapdAo, nmpwToC ocuyypa®Eag
TNG MEAETNG, «ol KATolkol Tou Mpdoivou AKpwTnpiou €xouv
onuepa va avnouxoUv yia To nwg 0a EavapTidEouv TI¢ LwEG
TOUG WETA TNV TeAeuTaia €kpnén.
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«To ®OYKO OUWG MMOPEi va katappeUael Kal NdAl, yi' auto
Kal NPENEI va ENAypunvoupe».

(BayyeAng MpaTikdkng / Newsroom AOA, 04 OKT.
2015, http://news.in.gr/science-
technology/article/?aid=1500030297&ref=newsletter)

Hazard potential of volcanic flank collapses
raised by new megatsunami evidence

Ricardo S. Ramalho, Gisela Winckler, José Madeira, George
R. Helffrich, Ana Hipdlito, Rui Quartau, Katherine
Adena and Joerg M. Schaefer

Abstract

Large-scale gravitational flank collapses of steep volcanic
islands are hypothetically capable of triggering megatsuna-
mis with highly catastrophic effects. Yet, evidence for the
generation and impact of collapse-triggered megatsunamis
and their high run-ups remains scarce or is highly contro-
versial. Therefore, doubts remain on whether island flank
failures truly generate enough volume flux to trigger giant
tsunamis, leading to diverging opinions concerning the real
hazard potential of such collapses. We show that one of the
most prominent oceanic volcanoes on Earth—Fogo, in the
Cape Verde Islands—catastrophically collapsed and trig-
gered a megatsunami with devastating effects ~73,000
years ago. Our deductions are based on the recent discov-
ery and cosmogenic. He dating of tsunamigenic deposits
found on nearby Santiago Island, which attest to the impact
of this giant tsunami and document wave run-up heights
exceeding 270 m. The evidence reported here implies that
Fogo’s flank failure involved at least one fast and volumi-
nous event that led to a giant tsunami, in contrast to what
has been suggested before. Our observations therefore fur-
ther demonstrate that flank collapses may indeed cata-
strophically happen and are capable of triggering tsunamis
of enormous height and energy, adding to their hazard po-
tential.
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Onshore and offshore evidence for Fogo’s flank col-
lapse.

Fogo’s flank collapse is documented by collapse scars on-
shore and by an avalanche debris field extending offshore,
as illustrated in this digital elevation map of Fogo and San-
tiago and the surrounding seafloor. The study area on
northern Santiago is marked with a rectangle, and the blue
dots represent the general location of the tsunamigenic
deposits reported in this study. The event timeline at the
top compares the age interval previously suggested for
Fogo flank collapse (in red) with the depositional age inter-
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val for Santiago’s tsunamigenic deposits obtained in this
study (blue). Topography of Fogo and Santiago corresponds
to digital elevation model at 1:5000 scale. Seafloor mosaic
is composed of low-resolution bathymetry (30 arc-second
interval grid) and higher resolution bathymetry (200 m).

http://advances.sciencemag.org/content/1/9/e1500456.full
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ENAIAG®EPONTA -
NMEPIBAAAON

Mepika 6€uaTta, akopa kal av dev €ival Tou dueoou evolage-
POVTOG TWV YEWTEXVIK®V HNXavik®v, a&ifouv va avapépov-
Tal kal va oxoAialovTal, ONwG n Napakdtw avaeopd oTo
Xwp1d Avappa.

Avappa Mayvnoiag,
To MaAaTikO Xwp16 TnG EAAGdac.
‘Eva Xwp10 napc'|6£|v|.|a npog Hipnon!

NHopds

Napioaos

-

o THET o mg

SaReXA g e Dhiwribas

Euvfpoiaos

H avanTtu&n auTtng TNG anopakpuopEvNG KolvoTNTag, anoTe-
Aei napddelypa npog pipnon yia Tnv eAANVIKR enapxia, Toug
NoAITIKOUG TNG MapayovTteg, aAAd kal yia kabe noAimko.O
dnpapxog Tou opeivou xwploU TnG AvaBpag Mayvnaiag, ano-
deikvUel OTI unapxouv MNePINTWOEIC EAAAVWY nou nnyaivouv
KOvTpa otnv dlapBopd kal Tnv MIlépia, kal svdiagpépovTal
nNEAyuaTika yia Tov Tono Touc.

Aiya Adyia yia Tnv Avappa, €va «yaAaTiko » XwpIo, onwg 1o
XOUV Oovopdacel kanoid dnuoolielpara, Nou avTIoTEKETAlI OTN
MiIZépia kal Ta RN TWV Kalpwv

MpOKeITAl yia £€va anopakpUGHEVO OPEIVO XWPIO MOU KATAQE-
pE WETA and ouoTnUaTIKn npoondabela, oxl WOvo va oTtabei
0pBI0, aAAa va yivel npoTuno avantuéng. MNa Tn pgeyain ava-
Tponn nou g€pxetal and Tnv AvdapBpa Tou vopou Mayvnoiag.
STIC OUTIKEC nAaylég Tng OBpuog, o uwoueTpo 1.000 pe-
TpwV Kal og andéoracn 40 XIAIOUETPWY AMNO TNV KOVTIVOTEPN
KwuonoAn (Tov AAJupo), ol 700 KATOIKOI, OAOI TOUG KTNVO-
Tpopol, anoAapBavouv sigodnuata and 30 €wg 100 XIANIAdeg
€UPW Kal pia nolotTnTa {wAG Mou WNopei va ouykpiBei povo
Me TNV nAouaia EABeTia.

Edw 0 kOOWOG dev pelyel NpoC Ta aoTIKG KEVTPA, AAAd eni-
OTPEPEI OTO XWPIO TOoUu. Me NooooTd avepyiag oTto PNdEV Kal
ME HETO O0po nAikiag Ta 40 £€Tn, o NANBUONOG dINAACIACTNKE
péoa oTta TeAeuTaia 15 xpovia.

O1 unodopEG Tou UNOJBEIYMATIKEG: To AlOAIKO napko, rnou di-
vel €00da 100.000 supw £TNOIWC OTNV KOIVOTNTA, Ta Tpia
ungpolyxpova KTNVOTPOPIKA Mnapka nou oteyalouv To Xel-
Hova (6tav n AvaBpa anokAeietal ano Ta xidvia) 25.000
{wa, To npoéTUNO CoPayeio, nou Bupilel xeipoupyeio, To dIW-
POPO MAPKIVYK TWV 60 B€0twv, TO YUPVAOTNPIO PE TaA Te-
AeuTtaiag TexvoAoyiag pnxavnuara, Ta ynneda nodoopaipou
Kal JNACKET, To AAOypa@IkO HOUCEIO Kal pUOIKA To NePIBaA-
AOVTIKO-MOAITIOTIKO NAPKO, £KTAoNG 240 OTPEUHATWY.

H KoIVWVIKN HEPIMVA KATEXEI MPWTIOTN B€0n: vnniaywyeio
Kal dNUOTIKO TOU «KOUTIOU», aypoTIKO IaTpeio (NAVTOTE OTe-
AexwpEévo), dwpeav OTEyaon yia Toug daoKAAOUG Kal TOUG
yiatpoucg, «BonBsia oTo oniTi», oxedlaoUOC Yia ynpoKouEio,
akopa kai yia nigiva!

MNoio ival apaye To PUoTIkO TnG enmiTuyxiag; Mg pia Peiove-
KTIKA NEPIOXN KATAPEPE TO «Balua»;

H paxn pe tn Wilépia apxios TIG apxEg Tne dekasTiag Tou ‘90,
oTav Ta nvia Tng KolvoTNTag nnpe o AnuATpng TooukaAdg,
£€vag avlpwnog nou agnoe Tnv ABRva yia va yupioesl oTo
XWPIO TOU KAl va NpooQpEPEl OTN YEVETEIPA Tou. Me &va dia-
Asigpa 4 xpovwyv, sival and TOTE KoIvoTapxng TnG Avappac.
H kaTtdoTaon nou ouvavTnoe nTav aneAnioTikn. Ta yeAadia,
ol Xoipol kal Ta npoBata kukAopopouoav eAeUBepa oTo
XWPIO. ZTOUG XWHATOSPOUOUG. Agv UNNPXE NouBevda aopah-
T0G. To Yelpwva nepnatolosg péoa aTn Adonn, To KaAokaipl
n okovn o€ ENVIYE.

«[poTePaIOTNTA WAG ATAV N KATAOKEUN KTNVOTPOPIK®WV Nap-
KWV, Yla va Pnel TEAOG aTnv avapyia nou enikpartoloe. Me
PwG, VEPO KAl owaoTr dounon, otaBAifouv Ta {wa Toug TO
XeIMwva. Toug unoloinoug WNAVeG PBookouv eAelBepa oTa
Bouvd. AuTOg €ival kal 0 AOyog nou To KPEag Toug pnuideTal
yia Tnv Eexwpiotn yelon Tou. H kTnvoTpogia €ival n Anyn
TwV €l00dnudTtwyv otnv Avappa», Aésl oto ET.K o npoedpog
TNG KOIVOTNTAG.
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«Iowg ey® €igal o Nio PTWXOG Tou XwpioU, apol n ouvTagn
nou naipvw anod Tn AEH, 6nou €puya pe To Babuod Tou niBe-
wpnTh, KUPaiveral ota 2.500 supw>.

Bdaosig avantuéng

H npd0do¢ ouvexioTnKE PE TNV KATAOKEUR Tou opayeiou Bio-
AOYIKNAG YPAUMNAG, TO Hovadiko dnuocio otnv EAAGda, pe ni-
gTonoinon and Tn AHQ. ETol pnnke Ta&n kar dnuioupyndnke
n Baon yia Tnv avantu€n Tng BIOKTNVOTPOYIAg, PE CUVENEIQ
ol napaywyoi va kepdiouv onuavTikd nood anod Tig enidoTn-
ogi¢ TNG Eupwnaikng Evwong, Ne XpnuaTta Tng onoiag eyivav
ol Nnapandvw UNoJoEG.

ZUnviog, oXoAaoTikOG Kal Je Opapa o npdedpog NapakoAou-
Bei aveANINWG KAOE KOIVOTIKO MPOYPANKNA KAl TO EKMETAAAEU-
€Tal dedvTwG. To PEYAAUTEPO €NiTEUYHA TOU, ONWG Agel O i-
diog, €ival OTI kaTadpepe va aAAagel Tn vooTponia TwvV ouy-
XWPIAVOV TOUu. TNV apyrn €@epav avTipproelg oTa oxedid
Tou, aAAG HE gnipovh Kal unopovn Toug £neiCe.

Twpa Toug KaAsi va dnuioupynoouv TumonoIinNTApIa yia Ta
npoidvTa TOUG, WOTE va OAOKANPwOEi To Gacua Tng BloAoyi-
KAG napaywyng. H AvaBpa dev Bacios Tnv avanTu€n Tng oTo
KpaTog. HBeAe €00da dika TnG. ETal, npiv anod Tpia xpodvia o-
AOKANPWOE TO €pYO TOU dIOAIKOU ndapkou, We TIG 20 avepo-
YEVVATPIEG Kal avadoxo Tnv Ionavikn €raipia Gamesa.

Ecoda

To peupa 10 ayopddel n AEH, evay n koivoTnNTa yid Tn Xpnon
TOU XWPOU, MOU TNG AVAKEI, €I0NpATTel €w¢ Kal 100.000 eu-
pw TO XpOVvoO.

Yné dnuonpdrtnon BpiokeTal kal n avanTtugn udponAekTpikoU
€£pyooTaciou, anod To VEPO TWV NNY®V TNG Avappac. Ano ekei
B8a sionpdtTovrar dAAeg 100.000 eupw. H emioTpo®n oTIg
pilec ival pia otabepr) NOAITIKA yia Tov K. TooukaAad. MNa va
evioxuBei kI aAAo o nNAnBuoudg, €kave €néKTAcn TOU OIKI-
opoU kai divel oikoneda oe doTeyoug dNPOTEG OTO ? TNG
AVTIKEIPEVIKNG TOUG agiag kal Je anonAnpwpr og 5 dOoeIG.

METAVAOTEG O€... OPEIVO NAPASEICO

«Aev pag Asinel Tinota. Ey®w, napoAo nou yevvABnka oTtnv
ABnva, ApOa oTo XWPIO TWV YOVIOV HOU, HOAIC yVpIoa €d®,
kata Tn didpkela Twv diakonwyv, To culuyo Pou Tov lMava-
yioTtn. Kavape tpia naidid. Aoulsloupe pe Tov avdpa Hou
@povTilovTag Ta 100 yeAddia nou £xoupe. Mnyaivoupe yu-
JVaoTrAplo, NiVOUPE Ta TOIMOUPAKIA PAg OTIC 5 TaBEpveg Tou
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XwpIoU Kal av BAoupe vuxTepivr) {wn NeTayopacTe WEXPI
ToV AOMOKO 1 Tov AAJUpO», Aéel aTov ET.K n Nikn MnAiovn.

O1 nAIkiopEvol aigBavovTal ag@aAeia Pe Tn POVIPN napouaia
TNG aypoTIKNG yiaTpoUu. H EAevn Tpiavra®UAAou dexeTal 8 pe
9 aTtoua kabnuepiva oto iatpeio. MNAye otnv Avappa oTig 5
AuyoUaoToU Kdl YIa TOUG EMNOUEVOUG 9 PAvEG nou Ba peivel g-
Kel vImBel Tuxepr nou Bpébnke oe €va TOOO PIAIKO nePIBAA-
Aov. MaAiora, dsv sniBapUveTal anod TNV TOENN TNG, YIATi HE-
Vel o€ dIauéPIOPA MoU TNG Napaxwpnoe n KoivotnTa (onwg
Kal ol TpEIG dAogkalol).

O AnooTtoAng Kanélog kal o MoAuZog KavatoUAng eival duo
VEOI KTNVOTPOQOI. MaikTeg oTnv nodoo®aipik oudda Tou
Xxwpiou (A.O. OBOPYZX), kabovTal oTo Ka@eveio kai oulnTouv
nwg 8a avTtiyeTwnicouv Tov AOMOKO, Tnv 1oXupdTEPN OMa-
da Tng nepioxng. MepngavetovTal yia Tnv npoaywyn ornv A”
Epaoitexvikn, aAAd kal yia Ta emiTelypaTa Tou XwpioU TouG.

«Na ndrte va Osite To NePIBAANOVTIKO MAPKO», MAG AEVE.
JuvavTdpe évav napadeico. AiwvoBia nAatdvia, o€ pia dia-
dpopn NEVTE XIANIOMETPWY, ME Ye@UPIA, NaldikEG XapeC, ne-
TPOKTIOTN dIaKOOUNON KAl JE TOUG Adyoug Kai Ta eAagia va
EeneTdyovTtal PEoa ano Ta EEQwTA, ME QOVTO Tov UDATIVO
KOoopo Tou Evinnéa (napanotapou Tou Mnveiou).

Edw kpaTdel akopa 1o €610 TnG dpucTEAAG , OMOU Ol VOIKO-
Kupaiol MAévouv pouxa Kal XaAid JE Ta opunTIKa vePd TWV
nnywv. Mia nepippaypevn €KTaon, ouvoAikoU euBadou 240
OTPEPPATWY, MOU anoTeAEl TauTOXpOva Kal Youoeio napado-
ong. AAAN pia gukaipia yia va €ionparrel n koivoTnTa €00da,
KaBwc NoAAG oxoAcia ekdNA®VOUV evIQPEPOV YIa ENIOCKEWN
Kdl avapéveralr va pnel oupPBoAikd eloimrplo yia Ta €€oda
OUVTAPNONG TOU.

To nAfov peyalonvoo ox€dio, auTtr Tnv nepiodo, ival n eni-
KeiJeEVN €ykaTAOTACN OUCTNAKATOG TNAEBEPUAvong. Me npou-
noAoyiopo 1.700.000 supw (and supwnaika kovOUAla) Kkal
ME WEAETN and To TEI Kolavng n Mepipépeia €xel Nel NdN T
«var». Evag kevtpikdG AEBnTag Ba TomoBeTndei oTO NAVW
MEPOG TOU XWPIoU Kal anod ekei Ba SloxeTelovTal UMOYEIO!
aywyoi anoé Toug dpopoug TnG AvaBpag Pe kauto vepd. To
KaBe oniTi Ba ouvdEsTal e To oUOTNHA Kal Ba €xel oAOKANPO
TO XElwva {eoTo vePO Kal BEpuavaon, e pia eAaxiorn enipa-
puvon. ©a AsiToupyei pe TNV kauon Biopalag (Konpieg Twv
{owv, Eepa QUAAG, axupo K.a).

Nnmaywyeio

(NEWS MME PRESS ROOM / 9 Mapriou 2012,
http://newsmme.blogspot.qa/2012/03/blog-post 280.html)
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ENAIAG®EPONTA -
AOINA

H peyaAUTepn npoBARTA OTOV KOOHO!

H noAn Progreso, otnv pegikavikn noAiTeia Tou lMoukarav,
Mnopei va unepn@avelstal yia Tn HeyaAUTepn npoBAnRTa
OTOV KOOWO... Kataokeuaopévn and onAlouévo...

H noAn Progreso, otnv pe€ikavikn noAiTeia Tou lMoukarav,
Mnopei va unepneaveUsTal yia Tn HeyaAUTepn npoBAnTa
oTOoV KOOO... Kataokeuaopévn and onAiopévo okupodsua, n
npoBARTa anAwveral €Ew and Tov KOAno Tou Me&ikou o€ pia
andéoracn 6,5 XIAOMETpwWY, Kal PoIalel NEPIOCOTEPO WE Mia
YEQUPA Nou PTAVel 0 KANola Jakpivr xwpea. To acuvnioTa
Meyalo uNnKog €ival avaykaio yia va pnopolv Ta peydAa
nAoia va eAAipevifovTtal, dedopévou OTI N akTr Tou lMouka-
Tav gival noAu pnxn.

H npoBAnTa ATav apxika pnkoug 2.100 p€Tpwv Kalr Karta-
OKEUAOoTNKE PETAEU 1937 kai 1941, avTikabioTwvTag pia §u-
Alvn nou XTIOTNKE OTIC apXEG TOU MeEpaAcuévou aimva. To

1988, eninAéov 4.000 péTpa NpooTEBNKAV OTO PAKOG TNG Yid
KaAUTepn €Eunnpétnon kai dieukoAuvon. H npoBAnTa €xel
avTéEel oTo OKANPO BaAdacoio nepiBAAAOV Og Ouvexn Ael-
Toupyia yia ndvw and 70 xpdvia Xwpi¢ kadia onuavrikn
€MNIOKEUN N ouvTApnon, népa and Tig emdlopOwaEIg pouTivag
nou yivovTai guxva-nukva.

(Mnyn: perierga.gr, 9 OkTwRpiou 2015,
http://www.pentapostagma.gr/2015/10/h-

% ce%bc%ce%b5%ce%b3%ce%b1%ce%bb%cf%8d%cf%8
4%ce%b5%cf%81%ce%b7-

% cf%80% cf%81%ce%bf%ce%b2%ce%bb%ce%ae%cf%8
4%ce%b1-%cf%83%cf%84%ce%bf%ce%bd-

Y% ce%ba%cf%8c%cf%83%ce%bc%ce%bf.html#ixzz3090et
xFv)

o3 D

EAa@pU cav nounouAo
«Apaxvol@avTto>» HETaAAo sival kata 99,9%
agpag

To nio ehappl pETAANO OTOV KOOMO, TO onoio 6a pnopouce
va odnynoel otn dnuioupyia MIAG VEAG YEVIAG «MOUMOUAE-
VIOV» dEPOOKAP®V Kal dlaoTNUIKWV OKAPWV, aveénTuEe n
auEPIKAVIKN agpoflounxavia Boeing.

«AgpaTO>» TO VEO UAIKO

To UAIkOG microlattice, Onwg ovopaletal, anoTeAeiTal cUNPW-
va Toug €1dIkoUg Kata 99,9% ano aépa Kal oXedIAoTNKE HE
npPOTUNO TNV JOUN TWV avBpWNIVWV 00TWV.

TO HUCTIKO TOU VEOU UAIKOU KpUBETal O £€vav OKEAETO anod
KoiAa AenTeniAenTa owAnvakia, Pe ToixwuaTta nepinou 1.000
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QOpEG AenToOTEPa and pia avlpwnivn Tpixa, Ta onoia ouv- Kpipaia
déovTal peTa&l Toug dnuioupywvTag éva «apaxvolgavro»

METaAAO, 1kavd va OTEKETAl akOPA Kal ENAVW OTO VTEAIKATO T
KEPAAAKI and «XvoudwTouG» Grnopoug Hiag nikpaAidag.

To véo «nounouAévio» UAIKO TnG Boeing pnopei va oTaBei
€NAVW OTO VTEAIKATO KEPAAAKI ano «xvoudwTolg» ondpoug
Jiag nikpaAidag

SUMQWVA ME TOUG €MIOTAPOVEC TNG Boeing, To KaivoTouo
UAIKO and... aépa konavioTd €ival TOOO avOekTIKO WOTE av
TUAIXBei yUpw ano éva aByo va Pnopei va To owaoel o Nepi-
NTWOoN NTWONG Tou anod UYog... 25 o0pdPpwv.

EAa@pUTEPA AEPOCKAPN, «MOUNOUAEVIEG> BIAOTNHIKEG
anooToAEG

O1 eNIOTAPOVEG unoypauuifouv OTI To VEO UAIKO ouvodeUeTal
ano npwTo@Aavi PNXavikn cupnepipopd dedopévou OTI NPo-
KEITal yia YETAAAO.

Mapd Tnv noAU XapnAnR Tou nukvoTnTa epgavilel Ewnpay-
paTikn duvatoTnTa anoppoPnonG TWV EVTACEWV, AAAA Kal
enava@opdc Tou OTav eKkTeBei O£ OUVONKEG cupmieong, n
onoia paAiota &enepvael To 50% TnG 10XUOG TNG dUvaung Nakiorav
nou £xel dexOei.

O1 id1o1 enionpaivouv OTI To ev AOYw UAIKO, népa and Tn on-
Hioupyia pIaG véag yeviag aepooka®wv Ba pnopouce va
BonBnosl Tnv NASA va peimoel To BApog aAAd kal Tov OykKo
TV d1A0TNUIKWV OKAPWV akopa kal kata 40%, yeyovog nou
0a J1eUKOAUVE OonuavTika Tnv €€gpelivnon Tou AlaoTrANaTog.

(Eiprjvn Beviou / BHMAScience Newsroom AOA, 14 OkT.
2015, http://news.in.gr/science-
technology/article/?aid=1500032743&ref=newsletter)

(G240

MaAaicia

F€Qpupeg nou npokaAouUv iAlyyo

ANOTOMEG, OTEVEG, WNAEC KAl KPEPAOTEC. AniBava dnuioup-
YNHATa TnG apxITEKTOVIKNG NMOU NPOKAAOUV iAlyyo.

Ano tTnv Kpipaia €wg 1o Mepol kai and Tnv Kiva pExpr Tnv
FaAlia okT® Hovadikeg YEQUPEG anoTeAoUv MpoKAncon yia
KABe eNIOKENTN pia Kai n diAcXIon Toug napopolddeTal akoua
Kal PE pia BOATA WE TO TPEVAKI TOU TPOHOU.
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NoTia Kopéa HMNA

FaAAia

(iefimerida, 21.10.2015,
http://www.iefimerida.gr/news/232028/arhitektones-me-

trela-gefyres-poy-prokaloyn-iliggo-eikones)

o3 D

KpepaoTn yépupa oTn Feppavia npokaAei
iAlyyo!

H véa yépupa oto @apdyyl Geierley otn duTikr lepuavia
anoTeAel pia NpOKANGN yia TOUC €MIOKENTEG, AAAWOTE AUTOG
NTav Kai 0 OKOMOG TNG KATAOKEUNG TNG OTNV MepIoxXn, va
npooeAkUOEl NEPIEPYOUG -Kal OXI MOVO- TOUPIOTEG nou
B8éAouv va Tn diaBolv arevifovtag KATw and Ta nodia Toug
To anoAuTo kevd. H yépupa xpeldoTnke povo 130 pépeg yia
va oTiaxTei kal deondlel nAéov OTO KATAMNPAcIivo OACOG
avapeoa oTig noAeig Morsdorf kal Sosberg, kovtd oTa
olvopa pe To AouEeuBolpyo.
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H olkovopia Tng nepIioXng €npene va evioxuBei kai yia To
AOYO auTO OKEPTNKAV va dnuioupynoouv £dw €va aflobéato
nou Ba Tpapoloe TNV Npoooxr OAwv. ZUPPwva PE TNV OIKO-
VOMOTEXVIKI MEAETN, N YEPUPA Ba npoasAkuaoel 170.000 ni-
OKENTEG TO XPOVO, HE APKETOUG anod auTouq va JIavUKTEPEU-
ouv oTa kataAupaTta Twv dUo NoAewv. 'ETOI N TOMIKN OIKOVO-
Mia 8a evioyxuBei népav Tou yeyovoTog OTI €vag nePinaTog
oTo dAoog Pe BEa ano wnAd sival 0,7 kaAuTepo Ba pnopolos
va {nTroel Kanoiog.

(perierga.gr, 8 OkTwRpiou 2015,
http://www.pentapostagma.gr/2015/10/k%cf%81%ce%b5
Y%ce%bc%ce%b1%cf%83%cf%84%ce%ae-

% ce%b3%ce%ad%cf%86%cf%85%cf%81%ce%bi-

% cf%83%cf%84%ce%b7-

% ce%b3%ce%b5%cf%81%ce%bc%ce%bl%ce%bd%ce%
af%ce%b1-
%cf%80%cf%81%ce%bf%ce%ba%ce%bl%ce%bb%ce%b
5%ce%af.html#ixzz309ghw9g9)
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
ENIZTHMEZ

Geotechnical Safety and Risk V

Schweckendiek, T., Van Tol,
A.F., Pereboom, D., Van
Staveren, A., Cools, P.M.C.B.M.

Geotechnical Risk and Safety V con-
tains contributions presented at the
5th International Symposium on
Geotechnical Safety and Risk (5th ISGSR, Rotterdam, 13-16
October 2015) which was organized under the auspices of
the Geotechnical Safety Network (GEOSNet) and the follow-
ing technical committees of the of the International Society
of Soil Mechanics and Geotechnical Engineering (ISSGME):

e TC304 Engineering Practice of Risk Assessment & Man-
agement

TC205 Safety and Serviceability in Geotechnical Design
TC212 Deep Foundations
TC302 Forensic Geotechnical Engineering

Geotechnical Risk and Safety V covers seven themes:

Geotechnical Risk Management and Risk Communication
Variability in Ground Conditions and Site Investigation
Reliability and Risk Analysis of Geotechnical Structures
Limit-state design in Geotechnical Engineering
Assessment and Management of Natural Hazards
Contractual and Legal Issues of Foundation and (Un-
der)Ground Works

7. Case Studies, Monitoring and Observational Method

ounpwnNe

The 5th ISGSR is the continuation of a series of symposi-
ums and workshops on geotechnical risk and reliability,
starting with LSD2000 (Melbourne, Australia), IWS2002
(Tokyo and Kamakura, Japan), LSD2003 (Cambridge, USA),
Georisk2004 (Bangalore, India), Taipei2006 (Taipei, Tai-
wan), the 1st ISGSR (Shanghai, China, 2007), the 2nd
ISGSR (Gifu, Japan, 2009), the 3rd ISGSR (Munich, Germa-
ny, 2011) and the 4th ISGSR (Hong Kong, 2013)

(I0S Press, October 2015)
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HAEKTPONIKA
NMEPIOAIKA

SIMSG [] ISSMGE

—_  ISSMGE Bulletin

Volume 9%, Issue 5
October 2015

http://www.issmge.org/en/resources/issmge-
bulletin/784-vol-9-issue-5-october-2015

KukAogpopnoe 1o Telxog 5 Tou 9% Topou Tou ISSMGE Bulle-
tin (OkTwPBpiou 2015) pe Ta NAPAKATW MEPIEXOUEVA:

Research Highlights
Federal University of Rio Grande do Sul (UFRGS), Brazil

Report from Member Society

Kazakhstan Geotechnical Society (KGS) - First Kazakhstan-
USA Geotechnical Engineering Workshop

Young Members’ Arena

Experimental mechanics at the grain-scale in sand: Recent
work from the geo-mechanics lab of Grenoble

Conference Report

The XVI European Conference of Soil Mechanics and Ge-
otechnical Engineering - Edinburgh, UK on 13th - 17th Sep-
tember 2015

International Workshop on Geotechnology for Natural Haz-
ards

Reports from ISSMGE Foundations Recipient

Hot News
Geomodels in Engineering Geology - an introduction

Event Diary
Corporate Associates

Foundation Donors

(G240

vgm_.mmm

www.geoengineer.org

KukAogpopnoe To Teuxog #128 Tou Newsletter Tou Geo-
engineer.org (OkTwBpiou 2015) pe nNOANEG XPAOIMEG
nAnpogopieG yia OAa Ta B&éuata TNG YEWMNXAVIKAG.
YrnevBupiletar oT1 To Newsletter ekdidstar and Tov
ouvadeA@o kalr peAog TnG EEEETM  AnunTtpn  Z&kko
(secretariat@geoengineer.org).
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ITACET

Foundation

Foundation for Education and Training
on Tunnelling and Underground Space Use
Newsletter #22 - October 2015
www.itacet.org/Newsletter/22 2015/documents/NL
22 Ocotbre 2015.pdf

Kukhopopnoe To TeUxog #22 Tou ITACET Newsletter
(OkTwRpiou 2015) pe Ta NAPAKATW NEPIEXOMEVA:

e President's address: Eng. Abdullah bin Abdulrahman Al-
Mugbel

e Interview: Pauli Arenram, ITATech Committee Chairman
¢ Coming soon

Shanghail7-18.10.2015. Challenges in Undersea Deep
Long Distance Tunnels(UDLDT): Geotechnical aspect and
Structural Design of Shield Tunnels

¢ Next events

Tunnelling and Landslides. 10-11.012016. Riyadh, Saudi
Arabia

Rockfall Protection Techniques 12.01.2015 - Riyadh,
Saudi Arabia

o Events report

Deminar On Waterproofing & Drainage. Flums
Hochwiese, Switzerland

Health & Safety & Logistic In Tunnel Construction. Bue-
nos Aires, Argentina

Training Session Mechanised Tunnelling. Guadalajara,
Mexico

Soft Ground Urban Tunnelling & Rock Tunnelling In
Karst WTC2015, Dubrovnik, Croatia.

Tunnelling and Deep Excavation for Infrastructure in Ur-
ban Area Yangoon Myanmar

e ITACET Foundation Scholarship 2015
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EKTEAEZTIKH ENITPONH EEEENM (2012 - 2015)

Mpoedpog : XprioTo¢ TEATSANI®OS, Ap. MoAITIKOC Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.[.E.
president@hssmge.gr, editor@hssmge.gr, ctsatsanifos@pangaea.gr

A’ AvTinpoedpog Mavayiwtng BETTAZ, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

B’ AvTinpdedpog MixdAng NMAXAKHZ, MoAiTikdg Mnxavikog
mpax46@otenet.gr

Fevikog Mpapparteéag: Mapiva MANTAZIAQY, Ap. MoAImikdg Mnxavikdg, AvanAnpwTpia Kaényntpia E.M.M.
secretary@hssmge.gr, mpanta@central.ntua.gr

Tapiag : MNwpyog NTOYAHZ, MoAITIkOG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKEZ MEAETEZ A.E.
gdoulis@edafomichaniki.gr

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

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

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

MixdAng KABBAAAZ, Ap. MoAITKOG Mnxavikog, AvanAnpwTtng Kaényntig EMN
kavvadas@central.ntua.gr

AvanAnpwparika

MeEAN : Xpriotog ANAITNQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikdg, Kadnyntig MoAuTeXVIKNG ZXoAng AMO
anag@civil.auth.gr, canagnostopoulos778@gmail.com

>nUpog KABOYNIAHE, Ap. MoAITIKOG Mnxavikog, EAAGOE SYMBOYAOI MHXANIKOI A.E.
scavounidis@edafos.gr

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

MixdAng MANAPAANHE, MoAImikog Mnxavikog, EAAGOS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

EEEEIM

Top£ag MEWTEXVIKNAG TnA. 210.7723434

ZXOAH MNOAITIKQN MHXANIKQN Tot. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveioUnoAn Zwypapou geotech@central.ntua.gr

15780 ZQrPA®OY IoTtoosAida www.hssmge.org (uUno Kataokeun)

«TA NEA THXZ EEEEMM» Ekd0OTNnG: XprioTtog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapTwvTal» Kal oTnv I10TooeAida www.hssmge.gr
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