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APOPA

Mapouciacn apBpwyv, 0TV CUYYPAPH TWV OMOIWV HETEIXAV
'‘EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kat’ aA@apnTikr o€ipd, oTta eAANVIKA, TOu OvOHATOG
TOU MPWTOU Cuyypa®Eéa).

Stiffness anisotropy and its effect on the behav-
iour of deep excavations

L'anisotropie de déformabilité et ses effets sur les
modes de comportement des excavations profondes

A. Grammatikopoulou, F.C. Schroeder, N. Kovacevic
and D.M. Potts

ABSTRACT This paper examines the effect of stiffness ani-
sotropy on the behaviour of a deep excavation in a stiff
plastic clay, such as London Clay. A cross anisotropic non-
linear elasto-plastic model which has previously been vali-
dated against advanced laboratory tests is used to simulate
the London Clay. The predictions of this anisotropic model
are compared with those of an isotropic model which has
been used extensively in the past to simulate the behaviour
of such clays. Three propping systems are considered, a
single-propped wall, a double-propped wall and a multi-
propped wall. The study examines the effect of stiffness
anisotropy on the patterns of behaviour both in the short
and long term.

1 INTRODUCTION

The stiffness of stiff plastic clays is known to be nonlinear
as well as anisotropic. The effect of nonlinearity has been
the subject of numerous studies and it is now well known
that, in order to obtain accurate predictions of movements
induced in the ground, it is necessary to account for it.
However, the effect of stiffness anisotropy has not been
studied in such detail; only a limited number of studies
have investigated the effect of stiffness anisotropy on pre-
dictions of movements resulting from geotechnical construc-
tion activities (e.g. Grammatikopoulou et al. 2011, Jurecic
2012).

This study examines the effect of stiffness anisotropy on the
behaviour of a deep excavation in a stiff plastic clay. It is a
continuation of the work of Grammatikopoulou et al. (2011)
in that it uses the same cross-anisotropic non-linear elasto-
plastic model (Franzius et al. 2005) to simulate the behav-
iour of stiff plastic London Clay. Predictions using this model
are compared with the predictions of an isotropic non-linear
elasto-plastic model (Jardine et at. 1986, 1991) which has
been used extensively in the past to successfully simulate
the behaviour of London Clay in a variety of boundary value
problems (Hight & Higgins 1995, St. John et al. 1992). The
paper examines how accounting for stiffness anisotropy
affects the patterns of behaviour both in the short-term and
in the long-term. The effect of stiffness anisotropy is exam-
ined for three different propping systems: a single-propped
wall, a doublepropped wall and a multi-propped wall.

2 PROBLEM ANALYSED

The problem analysed considers an excavation for a three
level basement in London. The assumed geometry and soil
stratigraphy can be seen in Figure 1.
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Figure 1. Geometry for a) single and doubled-propped
walls b) multi-propped wall constructed using top down
construction.

The walls retaining the excavation are assumed to be con-
tiguous bored pile walls with a pile diameter of 600 mm at
750 mm spacing. Three propping systems are considered.
In the first case a single prop, P1, is assumed to support
the walls during the excavation, whereas in the second case
two props, P1 and P2, are assumed (refer to Figure 1a). In
the third case a multi-propped excavation constructed using
a top-down construction methodology is considered (see
Figure 1b). Cases 1 and 2 represent temporary support
systems, whereas case 3 is a permanent and temporary
support system. In cases 1 and 2 the temporary props are
replaced in the permanent condition by the permanent slabs
(BO to B3) shown in Figure 1b.

The soil profile, assumed in the analyses, is typical of the
conditions encountered in London. A 2.5 m thick layer of
Made Ground is assumed to overlie the London Clay deposit
which, in turn, is assumed to extend to a depth of 74 m.

3 CONSTITUTIVE SOIL MODELS
3.1 Anisotropic model

A number of studies have shown that the small strain stiff-
ness of stiff plastic clays can be interpreted within the
framework of cross-anisotropic elasticity (Lings et al. 2000,
Gasparre et al. 2007). In the light of these research find-
ings, Grammatikopoulou et al. (2011) and Jurecic (2012)
used the cross-anisotropic non-linear elasto-plastic model of
Franzius et al. (2005) to simulate the behaviour of London
Clay.

This model combines a three-parameter crossanisotropic
formulation (Graham & Houslby 1983) with a non-linear
elastic response. The anisotropy is defined by 3 independ-
ent parameters: E',, the drained Young’s modulus in the
vertical direction, v'y, the drained Poisson’s ratio for hori-
zontal strain due to horizontal strain and the anisotropic
scale factor a:
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(1)

where E'; is the drained horizontal Young’s modulus, v'y, is
the drained Poisson’s ratio for vertical strains due to hori-
zontal strains, Gy, is the shear modulus in the horizontal
plane and G, is the shear modulus in the vertical plane.
The non-linearity in the model is achieved by allowing the
normalized vertical drained Young’s modulus E'/p’' (where
p'is the mean effective stress) to vary with deviatoric strain
(Franzius et al. 2005). The plastic part of the model is pro-
vided by a Mohr-Coulomb vyield surface and a non-
associated flow rule.

Grammatikopoulou et al. (2011) presented simulations of
laboratory tests from the advanced investigation of London
Clay from London’s Heathrow Airport Terminal 5 (T5) (Gas-
parre et al. 2007, Hight et al. 2007) and showed how this
model can reproduce well the response measured in these
advanced tests.

On this basis, the same anisotropic model was also em-
ployed in this study in order to model the behavior of Lon-
don Clay. For further details on the equations of the model
the reader is referred to the original publications (Franzius
et al. 2005). For information on the derivation of the model
parameters for London Clay the reader is referred to
Grammatikopoulou et al. (2011).

3.2 Isotropic model

The isotropic model adopted for the simulation of the Lon-
don Clay is a non-linear model of the form outlined by Jar-
dine et al. (1986). In this isotropic model the normalised
shear modulus, G/p’, is allowed to vary with deviatoric
strain and the normalized bulk modulus K/p' is allowed to
vary with volumetric strain. The equations describing the
variations of G and K can be found in Franzius et al. (2005).
As for the anisotropic model, the plastic part of the model is
provided by a Mohr-Coulomb vyield surface and a non-
associated flow rule.

Grammatikopoulou et al (2011) also employed the same
isotropic model in their study. The parameters of the iso-
tropic model were chosen such that both isotropic and ani-
sotropic models matched the stiffness response measured
in the undrained triaxial tests from the T5 research. Figure
2 shows the model simulations for an undrained triaxial
compression test from this research (A3 38.7m). However,
the effective stress paths and pore water pressures gener-
ated by each model are different. Moreover, simulations of
oedometer tests show a generally softer response for the
anisotropic model.

4 FINITE ELEMENT ANALYSES
4.1 Analyses details

For each propping system two analyses were carried out;
one in which the London Clay was modeled with the anisot-
ropic model and one in which it was modelled with the iso-
tropic model. In both sets of analyses the Made Ground was
modelled as a linear elastic perfectly plastic material with a
Mohr-Coulomb yield surface and a non-associated flow rule.
The model parameters for both London Clay and Made
Ground were taken from Grammatikopoulou et al. (2011).

The retaining walls were modelled using solid elements with
a thickness of 600mm. In order to take account of the out
of plane spacing of the piles the Young’s modulus was ad-
justed such that the wall’s bending stiffness was replicated.
Full friction was assumed at the interface between the walls
and the soil. The walls were “wished in place”, i.e. their
installation was not modelled.
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Figure 2. Comparison of model predictions and experimen-
tal data for an undrained triaxial compression test from T5
a) secant normalized E,, against axial strain b) stress path.

The temporary props, P1 and P2, and the permament slabs,
B0, B1, B2 and B3 were modeled as springs. In cases 1 and
2, P1 and P2 were installed once the excavation reached a
level of 0.5 m below each prop level. Once the formation
level was reached, BO, B1, B2 and B3 were installed and the
corresponding temporary props were removed. The building
loads were then applied as a uniformly distributed load
equal to 50kPa at formation level.

In case 3, B3 was installed before any excavation took
place. B2 and B1 were then constructed once the excava-
tion level reached 1 m and 0.5 m below each slab level re-
spectively. BO was constructed once the excavation reached
the final level.

A stiffness equal to 75 MN/m/m was assigned to P1 and P2.
B1l, B2 and B3 were assigned a stiffness equal to 200
MN/m/m while BO had a stiffness of 150 MN/m/m. This was
based on slab thicknesses of 325 mm and 250 mm respec-
tively and a Young’s modulus equal to 10MPa (chosen to
account for openings in the slabs).

A hydrostatic pore water pressure profile with a water table
at a depth of 2.5m was assumed. The Kj distribution was as
assumed by Grammatikopoulou et al. (2011); 0.5 in the
Made Ground and 1.5 at the top of the London Clay gradu-
ally reducing with depth.

The analyses were fully coupled. The Made Ground was
modelled as drained material. For the London Clay the per-
meability, k, was assumed to be related to the mean effec-
tive stress, p', as follows: k = k, e-°?" with k, = 1x10-9 m/s
and D = 0.007. During excavation and load application very
small time steps were used which, combined with the low
permeability of the strata, resulted in approximately un-
drained conditions for the London Clay. In the long term the
excess pore pressures were allowed to dissipate fully to
steady state conditions. A zero pore water pressure bound-
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ary condition was applied at formation level in the long
term, i.e. it was assumed that any excess water would be
pumped.

The analyses were carried out using the finite element code
ICFEP. All the analyses were plane strain and used eight
node isoparametric quadrilateral elements with 2x2 integra-
tion. A modified Newton-Raphson scheme, with an error
controlled substepping algorithm, was used as the non-
linear solver (Potts & Zdravkovic 1999).

4.2 Analyses results

Figure 3 shows horizontal wall movements for cases 1 to 3
in the short term (after the load application) and in the long
term, predicted by the isotropic and anisotropic models.
This figure shows that the propping system has a bigger
effect than anisotropy. Furthermore, in the short term the
anisotropic model predicts smaller movements than the
isotropic model, irrespective of the propping system. Similar
findings were reported by Jurecic et al. (2012) in the nu-
merical analysis of a deep excavation at Moorgate. In the
current study, the maximum horizontal deflection predicted
by the anisotropic model is 40mm, 22mm and 16mm for
cases 1, 2 and 3 respectively. These values are 9%, 12%
and 15% smaller than the maximum deflection predicted by
the isotropic model.

Based on observed deflections of retaining walls in London
Clay, Gaba et al (2003) suggest that high support systems
(i.e. top down construction) are expected to have maximum
deflections less than 0.2%H (where H is the maximum ex-
cavation depth) and typically in the order of 0.15%H. For
the 10m deep excavation analysed, 0.15%H is 15mm which
compares well with the predictions of the anisotropic model
for case 3. Typical values for cantilever walls are in the or-
der of 0.4%H, i.e. 40mm for H=10m. Case 1, with a low
support stiffness system, would be expected to result in
smaller deflections than the cantilever wall. The maximum
predicted deflection of the anisotropic model for case 1
compares better with this latter value than the isotropic
model, although it seems to be on the high side of the
measurements.
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Figure 3. Horizontal wall movements in the short and long
term
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In the long term the maximum horizontal wall deflections
remain practically the same with only a small increase in
the movement at the toe. This indicates a stiff permanent
support system for all cases.

Figure 4 shows the surface settlement profiles behind the
wall for cases 1 and 3. In case 1 the isotropic model pre-
dicts higher settlement, than the anisotropic model, in the
short term. In the long term this difference diminishes,
which means that during consolidation the isotropic model
results in higher swelling than the anisotropic model. Al-
though this is contrary to the softer drained response of the
anisotropic model in oedometer swelling, it can be explained
by considering the effective stress paths and pore pressure
generation developed during undrained excavation. The
stress path behind the wall is one of compression with the
horizontal stress reducing. Figure 5 shows the total stress
path for a corresponding triaxial test; the effective stress
path for this test is the same as for test A3 38.7m. In this
case, the isotropic model generates higher suctions than the
anisotropic model. This is also evident in the retaining wall
problem when the pore water pressure contours generated
behind the wall in the short term are examined. Therefore,
as the final long term pore pressures are similar for both
models, the isotropic model results in higher swelling during
the consolidation stage. Similar trends can be observed for
case 3, albeit with smaller magnitudes due to the stiffer
support system.
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Figure 4. Surface settlement profile behind wall for cases 1
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Figure 5. Stress path for an undrained triaxial extension
test from the T5 research (test data from Hight et al. 2007).

Figure 6 shows the heave predicted at the base of the exca-
vation for case 1. In the short term, the isotropic model
predicts more heave, than the anisotropic model. During
this stage of the analysis the stress path underneath the
excavation is an extension path with reducing vertical
stress. A corresponding undrained triaxial extension test
from the T5 research (test 28.2), together with the simula-
tions of the two models is shown in Figure 5. In this case
the anisotropic model develops higher suctions than the
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isotropic model. This is confirmed in Figure 7a which shows
the pore pressures below the base of the excavation for
case 1. As the pore pressures in the long term are practi-
cally the same, one would expect that during the consolida-
tion stage the anisotropic model would predict more swell-
ing, especially as it shows a softer drained response in oe-
dometer simulations.
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Figure 7. a) Pore pressures b) Vertical movements below
base of excavation in the middle of the excavation for case 1

However, Figure 6 shows that this is not the case, i.e. the
isotropic model results in higher swelling during the consoli-
dation stage. Figure 7b shows the vertical movement devel-
oped only during the consolidation stage in the middle of
the excavation plotted against depth below the base of the
excavation for the single propped wall. This shows that with
the anisotropic model there is more swelling than with the
isotropic model at depths below 4m; however the isotropic
model swells more at shallower depths. This does not agree
with the fact that the anisotropic model develops higher
suctions but can be explained by the fact that in the area
below the base of the excavation plasticity has been in-
voked, with the yield surface being reached earlier in the
case of the isotropic model (see Figure 5).

5 SUMMARY AND CONCLUSIONS

This study examines the effect of stiffness anisotropy on the
behaviour of a deep excavation in a stiff plastic clay. The
predictions of a cross anisotropic nonlinear elasto-plastic
model are compared with those of an isotropic model which

has been used extensively in the past. Three propping sys-
tems have been examined; a single-propped, a double-
propped and a multi-propped wall. In relation to the effects
of stiffness anisotropy, the study has shown that:

e In the short term, the anisotropic model predicts 9 - 15%
smaller movements than the isotropic model, depending
on the propping system. For the stiff support system the
predictions obtained with the anisotropic model agree well
with measured wall movements.

In the long term, anisotropy does not affect wall move-
ments further as they remain largely unaltered, due to a
stiff permanent support system.

Soil stiffness anisotropy has a smaller effect on wall
movements than the propping system.

In the short term, the anisotropic model predicts smaller
heave at the base of the excavation and generally smaller
settlements behind the wall.

In the long term, movements below and around the exca-
vation are governed by the different stress paths and as-
sociated pore pressure generation predicted by the two
models during undrained excavation and loading. It has
also been demonstrated that plasticity, which may be in-
voked at different stages for the different models, can
play an important role.

This paper demonstrates that there are many facets associ-
ated with the modelling of stiffness anisotropy that influ-
ence predictions, including the stress path and associated
pore pressure changes. The latter can be particularly influ-
ential when considering conditions in the long term.
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Analysis of strip foundation performance on
liquefied ground with limited ground improve-
ment

Analyse du comportement des foundations superfi-
cielles sur du sol liquefiable aprés I'amelioration du
sol limitée

V. Dimitriadi and G.D. Bouckovalas

ABSTRACT According to modern seismic codes, the use of
shallow foundations on liquefiable soils is only acceptable
after proper ground improvement underneath and around
the foundation. Still, there are no widely acceptable guide-
lines for choosing the required thickness and extent of the
improved ground, as well as for computing foundation set-
tlements. This problem is investigated herein numerically,
through fully coupled non-linear 2-D analyses with the Fi-
nite Difference code FLAC, using the Critical State Plasticity
constitutive model NTUA-SAND [Andrianopoulos et al.
(2010)] to simulate the cyclic response and liquefaction of
the sand. The parametric investigation initially focuses upon
the reference case of ground improvement with "infinite"
lateral extent (the improved zone extends to the lateral grid
boundaries). Subsequently, the width of ground improve-
ment (Limp) is progressively reduced to nearly the width of
the footing itself. The numerical predictions are organized
into design charts and empirical relations, while conclusions
are drawn regarding the optimum (from a cost-benefit point
of view) extent of ground improvement.

1 INTRODUCTION

Seismic liquefaction leads to significant shear strength deg-
radation of the foundation soil, as well as accumulation of
dynamic settlements as well as to the temporary degrada-
tion of the bearing capacity of shallow foundations. Based
on current practice, the liquefiable layer is bypassed with
the use of piles, which transfer the structure loads to
deeper and nonliquefiable strata. In addition, soil improve-
ment is applied locally, to mitigate liquefaction and reduce
the lateral loads applied upon the piles by the liquefied soil.

Experimental and theoretical studies have indicated that the
existence of non-liquefiable soil strata (natural deposits or
artificially created layers) on the ground surface may mod-
erate the above liquefaction effects, to such an extent, that
the use of shallow foundations becomes acceptable.
Namely, Liu & Dobry (1997) examined the effect of the
thickness of a top layer of non-liquefiable densified sand on
the seismic response of a shallow foundation. Their results
indicate significant reduction of seismic induced settle-
ments, even when the specified layer did not extend to the
entire thickness of the liquefiable layer.

Additionally, Naesgaard et al. (1998) and Karamitros et al.
(2013a&b) have numerically investigated the problem of
the seismic response of shallow foundations on such two-
layered soil profiles, consisting of a clay layer underlain by
liquefiable sand. The specific studies provide the theoretical
background for the use of shallow foundations on liquefiable
ground, while simple analytical relationships are proposed
for the evaluation of the seismic settlements and the de-
graded post-shaking bearing capacity of the foundation.

The present paper focuses on the case where the non-
liquefiable top layer is artificially created; using deep dy-
namic compaction and gravel drains and has finite dimen-
sions, (depth and width) around the shallow foundation.
The problem is numerically investigated, through fully cou-
pled non-linear 2-D analyses, while emphasis is given to the
effect of spatially limited ground improvement on founda-
tion settlements.

2 NUMERICAL ANALYSES

The investigation of the seismic response of the shallow
foundation on liquefiable soil with controlled ground im-
provement was performed through numerical analyses with
the Finite Difference Code FLAC and the arrangement pre-
sented in Figure 1. The basic assumptions of the numerical
methodology (constitutive model, boundary conditions, soil
permeability) as well as the verification of its accuracy
against centrifuge test results are outlined in Dimitriadi
(2014) and will not be repeated here. It is only briefly men-
tioned that the simulation of the shallow foundation was
considered rigid, whereas the grid size and its discretization
were determined following sensitivity analyses.

q=100kPa

Figure 1. Used grid configuration in the 2-D numerical
analyses

The top improved layer was considered uniform with
equivalent properties (relative density and permeability),
corresponding to a grid of gravel drains with replacement
ratio as. For the evaluation of its equivalent properties, a set
of 72 parametric numerical analyses of free field response
was initially performed for three different depths of im-
provement, i.e. Hmp=4, 6 & 8m, replacement ratio values as
=0 + 0.20 and initial relative density of the natural soil D,
= 35 + 70%. The numerical results are summarized in Fig-
ure 2 for the common case of maximum allowable excess
pore pressure ratio within the improved layer, i.e. rymax =
0.40.

The numerical analyses of footing response were performed
in three distinct stages: (a) initial geostatic stresses are
generated and the foundation load under static conditions is
incrementally applied up to the desired contact pressure q,
(b) a fully coupled effective stress dynamic analysis with
parallel water flow is executed, subjecting the soil-
foundation system into a harmonic seismic excitation. Dur-
ing this stage, excess pore pressures develop and seismic
settlements accumulate under constant value of the aver-
age foundation contact pressure. (c) Upon the end of the
shaking, and while the soil is still under a liquefied state,
the contact pressure of the foundation is gradually in-
creased until bearing capacity failure.

The seismic response of the shallow foundation is initially
evaluated for the two-layered soil profile shown in Figure 1,
which corresponds to reference conditions of “infinite” im-
provement width. A set of 84 numerical analyses was exe-
cuted to examine the effect of soil [relative density D/(%),
natural soil permeability ksana(m/s), thickness of improved
layer Himp(m)], excitation [maximum acceleration amax(g),
period Tex(s) and number of loading cycles N] as well as
footing properties [width B(m) and contact pressure
q(kPa)]. The effect of the lateral extent of the improved
zone around the footing was examined separately, through
a set of 96 numerical analyses, in which the width of the
improved zone was reduced progressively up to the width of
the footing itself.

3 SEISMIC SETTLEMENTS

As thoroughly explained by Karamitros et al. (2013), the
accumulation of dynamic settlements of the shallow founda-
tion, is not the result of the dynamic compaction of sand,
but rather the outcome of recurrent failures of the founda-
tion soil, in the sense of a Newmark type sliding block
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Figure 2. Charts for the computation of equivalent (uni-
form) properties for the improved zone, for rymax=0.40, in
terms of initial relative density D, (%) and the depth of
improvement Himp(m).

mechanism. More specifically, at the time of the maximum
acceleration occurrence at each direction, a one-sided
wedge-type failure mechanism develops at the opposite
direction of the applied motion, as a result of the inertia
forces acting upon the foundation and the soil. The specific
mechanism is activated twice during one full loading cycle
and leads to the incremental accumulation of two vertical
displacement components. The associated horizontal dis-
placements develop in opposite directions and practically
delete one another.

Based on the above mechanism it turns out that dynamic
settlements are proportional to the excitation characteristics
and in particular the composite term:

v 2
po=-—"2-N=a_ TN

i (1)

where Vma the maximum applied velocity, amax the maxi-
mum acceleration, T is the excitation period, N the number
of significant loading cycles of the applied excitation.

The effect on seismic settlements of the remaining parame-
ters, which are not incorporated in the p, term, is examined
in Figure 3, parallel to their effects on the degraded bearing
capacity factor of safety F.S.qeq.
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Figure 3. Effect of independent problem parameters on
dynamic settlements and the inverse of the degraded safety
factor 1/FSgeg.

This parallel evaluation leads to the following key observa-
tion: the examined parameters have qualitatively the same
effect on the dynamic settlements and on the inverse of the
degraded factor of safety 1/F.S.qeq. Hence, their effect can
be incorporated in the latter, and the analytical relation for
the computation of seismic settlements is simplified to:

2 1 ,
P4 =0.019,,, (T, +0.63T,,,) N(iF e -
. (2)
4.5

1
1+0.25| ——

inf
“deg

In the above equation, Tsu is the elastic period of the soil
column, which was introduced in the analytical expression,
to account for the effect of the soil column in the propaga-
tion of the seismic motion from the base - where it was
initially applied - to the ground surface, where the founda-
tion settlements accumulate.

The accuracy of the proposed analytical expression is
evaluated in Figure 4a and 4b, on a one-to-one basis be-
tween the analytical predictions and the numerical results.
It is observed that 84% of the analytical predictions lay
between £25% of the numerical results. The relative error
of the analytical predictions is limited to approximately
+20%, with a standard deviation equal to 21%.
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Figure 4. (a) Comparison between numerical results and
analytical predictions, (b) relative error against numerical
results.
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4 DEGRADED BEARING CAPACITY

The onset of liquefaction leads to a temporary but signifi-
cant degradation of the static bearing capacity of the foun-
dation soil, which lasts from the end of shaking, until the
complete dissipation of the earthquake generated excess
pore water pressures. The corresponding failure mechanism
draws upon that proposed by Meyerhoff & Hanna (1978) for
static failure of shallow foundations resting upon twolayered
soil profiles (Figure 5): punching of the foundation through
the improved top layer, followed by a generalized wedge-
type failure within the liquefiable sand layer. A basic devia-
tion of the conventional Meyerhoff & Hanna static failure
mechanism is due to the dissipation of the earthquake-
induced excess pore pressures, from the liquefiable sand
towards the much more permeable improved top layer. As a
result, a transition zone of partially liquefiable sand, con-
tributes to the shear strength of the top improved layer.

q(kPa)

Figure 5. Failure mechanism of shallow foundation: (1)
improved zone, (2) transition zone of partially liquefied
ground (3) liquefied ground.

Based on the above, the analytical expression proposed by
Meyerhoff & Hanna (1978) is modified as follows to account
for the specific problem conditions:

tr:'nd)l_deg i

qull,deg = V'leKs B

tan
+v' - [(1+a)’ —1]-H,K, % -

r 1 r r
-y (1 +a)H, + —y'BN ; +y'(1+a)H,N_,
2 (3)

where

(Pi.d raNg, gog
N, =tan’*(45 +T"9)e ¥

N,, =2(N,, +1)tang, ... )

The degraded values of friction angle (@i4qg) in the above
Equations (3) & (4), are estimated based on the initial value
of the sand’s friction angle (¢i,) and the corresponding ex-
cess pore pressure ratio at the end of shaking U;, as:

tan®iaeq = (1-U;) tangi, ()

The remaining parameters in Egs. (3) to (5) are estimated
as follows:

Coefficient a: relates to the thickness of the transition zone
and is expressed as a percentage of the improvement
depth. It is expressed as a function of the equivalent per-
meability of the improved zone keq (M/s), the period of the
shaking T (s), the number of the significant loading cycles
N, as well as the thickness of the improved zone Hin, (M):

0.256
quTN
a=3.76

imp

(6)
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Excess pore pressure ratio U; (i=1,2 & 3): U, represents the
excess pore pressure within the improved allowable value
considered in the design stage i.e. U; = 0.54*Ugesign. Uz,
represents the average excess pore pressure ratio within
the transition zone, in the free field, and is defined as
(1+U;)/2. Finally, Us corresponds to the liquefied ground,
underneath the foundation, below the improved and the
transition zones. It is expressed as a function of the de-
graded bearing capacity qu:®:

inf
U, —0.86(unes 018 <1 g
Pa (7)

Coefficient Ks: is used to compute the shear strength across
the partially liquefied improved and transitional soil zones,
below the edges of the foundation. It is expressed as a
function of the applied contact pressure of the foundation
q(kPa), the thickness of the improved zone Himp(m), and the
width of the foundation B(m):

] 0.30 0.50

[t
A\ B r (8)

Ultimately, the degraded factor of safety for conditions of
“infinite” improvement (F.S.qg™) is evaluated from Equation
(9), as a function of the nominal value of the factor of
safety (F.S.qeq™) corresponding to the qu:

K, :1,00[i
(Pe

FSi. ™ L
deg — >0.60F.S inf

F S inf s . s
0.05+0.60(F.S.4" )

*Fdeg

(9)

The accuracy of the proposed analytical relation for the
evaluation of the degraded factor of safety is evaluated in
Figure 6, both on a one-to-one basis between the analytical
predictions and the numerical results, as well as in terms of
relative error. It is thus observed that approximately 80%
of the analytical predictions lay between £25% from the
numerical results, with a standard deviation of the relative
error equal to 25%.
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Figure 6. (a) Comparison between numerical results and

analytical predictions, (b) relative error against numerical
results.
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5 EFFECT OF IMPROVEMENT WIDTH

The previous analytical expressions for the evaluation of
dynamic settlements and the degraded bearing capacity of
the foundation are valid for a large, theoretically infinite,
horizontal extent of the improved zone. The statistical proc-
essing of the second set of numerical analyses, for limited
extent of ground improvement, led to the correction of the
analytical expressions described previously, in order to take
into account the finite width of the improved zone Limp
(Dimitriadi 2014). Hence, seismic settlements may be com-
puted from the following Equation (10),

-1 030 |
H S |
f"dvn :.Pinf J! 1 _exp[ _105[ ﬂ} [ﬂJ 1
\ B B |
3 - (10)
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while the degraded factor of safety F.S.4eq may be computed
from iterative solution of the following non-linear Equation
(11):

( ES \-0.45 (H YL 030 i
“ejn,J Jl—exp ~1.05 ﬂ] me | (L
\FSar®) | (8 )8 ) |
( Es 45
(FSu™)" +0.25[ ki '”ﬁf-?f--w
| FS.iee” |

x

inf \45
(FSe”) +0.25 (1)

Note that the above effects are expressed in terms of the
dimensions of the improved zone normalized against the
width of the foundation B(m). Hence, it was considered
practical to relate the size of ground improvement with the
volume of the improved area Vim,, defined (for 2-D condi-
tions) as the product between the width and the thickness
of the improved area. The new relations for the computa-
tion of the seismic settlements and degraded bearing ca-
pacity are presented graphically in Figure 7. The red line in
Figure 7 sets the limit beyond which, further increase of the
improved area renders a rate of variation less than 5%,
leading to a high cost-benefit ratio. Based on the above
criterion, it turns out that the maximum benefit from the
use of the proposed methodology is obtained for improve-
ment depths between 0.5 + 2 times the width of the foun-
dation B and improvement width between 2 + 3.5 the width
of the foundation B.
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Figure 7. Charts for dynamic settlement and degraded fac-
tor of safety computation in the case of ground improve-
ment with limited lateral dimensions.

6 CONCLUDING REMARKS

The problem of spatially limited ground improvement on
foundation settlements is numerically investigated herein
and an analytical methodology is proposed. Based on this,
independently of the thickness of the improved zone, grad-
ual reduction of its lateral extent increases the seismic set-
tlements accumulation and drastically reduces the post-
shaking degraded bearing capacity of the foundation. Opti-
mum results from the use of the methodology are obtained
for improvement depths between 0.5 + 2 and improvement
width between 2 + 3.5 times the width of the foundation B.
Further consideration is given to a more accurate evaluation
of the degraded bearing capacity, given that the soil lique-
faction leads to very sot soil conditions that favor the devel-
opment of local failure of the soil underneath the improved
crust.

The specific criteria and the analytical methodology pre-
sented herein have been developed for shallow strip foun-
dations. Their expansion for the description of the seismic
response of rectangular foundations is currently under way.
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Numerical analysis of liquefaction affected shal-
low foundations performance on improved
ground

Analyse numérique du comportment des fondations
superficielles sur du sol amélioré contre la manifesta-
tion de la liquefaction

V. Dimitriadi, G.D. Bouckovalas and Y. Chaloulos

ABSTRACT A novel numerical methodology is presented and
used to simulate the seismic response of footings on liquefi-
able ground, locally improved in order to reduce settle-
ments and increase the bearing capacity of the foundation.
The numerical simulation adopts the nonlinear Finite Differ-
ence code FLAC-3D (v.4.0), combined with the NTUA Sand
constitutive model, which has been developed at the Foun-
dation Engineering Laboratory of NTUA in order to predict
the cyclic response and liquefaction resistance of sands, on
the basis of Critical State soil plasticity. The proposed
methodology is evaluated through comparative application
to the well documented centrifuge experiments of Liu &
Dobry (1997).

1 INTRODUCTION

The beneficial effect of a non-liquefiable soil layer at the
ground surface for the reduction of liquefaction induced
foundation settlements and the prevention of bearing ca-
pacity failure has been historically documented through field
observations and case histories, such as in the Dagupan
earthquake (1990). Acacio et al. (2001) used published
data for the specific event, in combination with previously
published historical data by Ishihara (1985), and managed
to relate the occurrence of shallow foundation bearing ca-
pacity failure to the thickness of the non-liquefiable surface
crust. In addition to field case histories, pioneering experi-
mental studies have studied the particular problem and
have described the highly non-linear governing mechanisms
and the results of the liquefied soil — foundation interaction.

Liu & Dobry (1997) were the first to experimentally study
the performance of shallow foundations on liquefiable
ground with controlled ground improvement. In more detail,
they performed two independent series of centrifuge tests,
one on improved ground and the second on the natural
ground. The purpose of the first series of tests was to
evaluate the effect of improved ground thickness on the
foundation performance, while the second series focused
upon the associated effects of soil permeability.

Adalier et al. (2003) examined the seismic response of a
liquefiable silt layer, improved with gravel drains, focusing
on the stiffness increase of the improved zone under free
field conditions as well as under the presence of a shallow
foundation. More recently, Dashti et al. (2010) examined
the seismic response of different structural systems,
founded by means of a stiff mat foundation on soil profiles
including a shallow, thin liquefiable layer.

In parallel to centrifuge experiments, dynamic non-linear
effective stress numerical analyses are gaining ground for
the simulation of such complex problems and tend to be-
come an alternative, cost efficient method of analysis and
design. For instance, Naesgaard et al. (1998) investigated
numerically the seismic response of light shallow founda-
tions on liquefiable ground, overlain by a non-liquefiable
clay crust. More recently, similar numerical simulations
were performed by Karamitros et al. (2013), which led to
the formulation of an analytical methodology for the per-
formance - based design of shallow foundations, allowing
the computation of seismic settlements, as well as, post-
shaking bearing capacity degradation.

In the above context, the present paper describes a nu-
merical methodology for the simulation of the seismic re-

sponse of shallow foundations on liquefiable ground with
limited (in extend) ground improvement. The numerical
simulation is performed with the Finite Difference Code
FLAC-3D. The seismic response and the liquefaction resis-
tance of the sand are simulated with the NTUA-SAND con-
stitutive model, which was implemented to FLAC-3D by An-
drianopoulos et al. (2010). The overall accuracy of the nu-
merical methodology is evaluated against the well-
established set of centrifuge test results of Liu & Dobry
(1997) mentioned above.

2 CENTRIGUGE EXPERIMENTS

Verification of the proposed numerical methodology will be
based on the first set of centrifuge experiments performed
by Liu & Dobry (1997), which is more relevant to actual
applications. The particular set consists of five experiments,
which examine the effect of the thickness of vibro-
compacted liquefied sand on the seismic response of a shal-
low foundation resting upon it. The purpose of the experi-
ments is to investigate the mechanism behind the develop-
ment of seismic settlements, as well as to evaluate the re-
sponse of the soil-foundation system in terms of accelera-
tion amplification, as well as excess pore pressure built up
and foundation settlement.

The model configuration is presented in Figure 1. It consists
of a circular shallow foundation of diameter B, on top of a
liquefiable (saturated) sand layer, compacted within a
specified area, around the foundation, of width 1.6B and
different depths Z.. The soil and foundation response was
measured with the aid of seven pore pressure transducers
(PF, PC and PE), two accelerometers (ar and as) and two
LVDTs (Sc and S¢). The above model was build in a rigid
rectangular bucket of model size 454x204x241mm?, which
was subjected to 80g centrifugal acceleration.

Compacted

\‘“qc1 * o, : Legend:
: PE. -
: PC2e - 157 e Pore pressure
ipcze  : e transducer
benssnaans H m Accelerometer
le-1.68—3
Saturated Sand .l LVDT
458mm :-:
d@=16g=P

Figure 1. Model configuration and instrumentation of Liu &
Dobry (1997) test series.

The liquefiable soil used in all tests is a fine, uniform Ne-
vada #120 sand with initial relative density equal to D, =
52+3% and a total thickness equal to 12.5m in prototype
scale. The reported relative density of the improved sand in
all tests is on average equal to Diimp =90%.

The properties of the natural and the compacted soil are
summarized in Table 1. In the reference test (C_0) the
foundation is in direct contact to the liquefiable ground. In
the four remaining tests, the width of the compacted zone,
around the foundation, remained constant, and the depth of
densification ranged from 0.7 to 2.8 times the diameter of
the footing, eventually covering the entire thickness of the
liquefiable layer. A harmonic seismic excitation, of fre-
quency equal to f=1.5Hz and maximum acceleration equal
to 0.2g (Figure 2), was applied at the base of the centrifuge
container.

Figure 3 shows the accumulated seismic settlements and
the ratio of the maximum acceleration acting upon the
foundation to the applied acceleration at the base of the
rigid box, for the different normalized depths of the per-
formed improvement Z./B. The beneficial effect of the com-
pacted zone upon the reduction of the observed seismic
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settlements becomes evident from Figure 3a, as a reduction
of about 60% is observed between the reference case and
the case where the compacted zone covers the entire thick-
ness of the liquefiable layer, i.e. Z.=2.8B. However, Figure
3b reveals a parallel detrimental effect of ground improve-
ment. Namely, it is shown that the improvement of the en-
tire thickness of the liquefiable layer leads to the amplifica-
tion of the seismic acceleration acting upon the foundation.

Table 1. Soil properties and densification depths Z.

Test Drini Dr.c Zc Zc/B
(%) (%) (m)

co 54 - 0 0

C1 51 =100 322 071

C2 55 88 6.72 147

C3 49 91 945 207

C4 51 89 12.5 2.76

10

Figure 2. Harmonic excitation applied at the base of the
configuration
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Figure 3. Experimental results of (a) dynamic settlements
and (b) ratio of footing/base acceleration [Liu & Dobry
(1997)].

3 NUMERICAL METHODOLOGY

The above centrifuge tests were simulated numerically with
the FLAC 3D, a Finite Difference code, which allows the exe-
cution of fully coupled effective stress dynamic analyses
with parallel water flow. Furthermore, it allows the inclusion
of user-defined sophisticated constitutive models for the de-
tailed description of the soil element response. In the pre-
sent study, the cyclic response of the saturated sand was
simulated with the NTUA-Sand constitutive model (Papadi-
mitriou and Bouckovalas 2002, Andrianopoulos et al. 2010,
Karamitros, 2010). This model is based on the Critical State
Theory of soils and has been calibrated against laboratory
cyclic and liquefaction test results on Nevada sand, i.e. the
same sand that has been used in the centrifuge tests.

The geometric characteristics of the numerical model,
shown in Figure 4, were closely adjusted to the prototype
dimensions of the experimental configuration. Hence, the
container’s dimensions under a centrifugal acceleration of
80g correspond to prototype dimensions of 36.80x16x12.5
m?, whereas the shallow stiff foundation measures a diame-
ter of 4.56m and applies an average contact pressure equal
to g=100kPa.

To take advantage of the system’s symmetrical response
along the y-direction, only half the footing was modeled by
generating a 36.80x8x12.5m? grid, discretized into 11,500

brick zones with dimensions of 0.8x0.8x0.5ms. The stiff
shallow foundation is simulated with shell elements and it is
square in shape, of equivalent area and average contact
pressure (B=4.56m and q=100kPa).

Figure 4. 3-D grid used in the numerical simulation of the
centrifuge experiments

The loading sequence is divided in two stages: (i) genera-
tion of initial stresses and incremental application of the
foundation’s contact pressure, (ii) execution of a fully cou-
pled dynamic analysis with parallel water flow, subjecting
the system to the loading time history shown in Figure 2.

Boundary conditions were different between the two stages
of loading. In particular, to describe the perfectly smooth
inner walls of the container, horizontal displacements during
the first stage of static loading are restrained in the lateral
boundaries, whereas the bottom boundaries are restrained
along the vertical direction. During the second stage of dy-
namic loading, tied-node boundary conditions were consid-
ered along the lateral boundaries of the configuration, which
ensure the development of free field conditions, i.e. equal
horizontal displacements at nodes of the same elevation.
Vertical displacements are again restricted along the bottom
boundary and the dynamic loading is applied horizontally -
along the x-direction.

Based on laboratory tests of constant hydraulic height at 1g
gravity conditions the coefficient of permeability for Nevada
sand at D,=50% initial relative density is measured as
k=0.0066cm/s (Arulmoli et al., 1992). However, Liu & Do-
bry (1997) propose to use the much lower value of
k=0.0021cm/sec for seismic loading in order to account for
the dynamic character of the applied loading and the con-
tinuous change in the direction of the pore fluid flow.

In addition to the previous suggestions for a constant value
of the soil permeability coefficient, there are indications that
the permeability of liquefiable soils is not constant during
shaking but it increases as a function of the ever current
excess pore pressure ratio r,. Namely, Shahir et al. (2012)
assumed that k increased from its initial value (i.e. for
r,=0), to an order of magnitude higher value at liquefaction
(i.e. for r,=1).

To investigate the above arguments, two sets of numerical
analyses were performed, the first considering the initial
“dynamic” value of the Nevada sand permeability k=0.0021
cm/s (Liu & Dobry 1997) and the second for the conven-
tional (static) value of k=0.0066cm/s (Arulmoli et al.,
1992), which is also equal to the logarithmic average be-
tween the values of dynamic permeability proposed by Sha-
hir et al. (2012) for r,= 0 and r,=1.0. Additionally, given
that the pore fluid, which was used in all five centrifuge
tests, was water the above values were multiplied by the
centrifugal acceleration (80g), leading to eighty times larger
prototype values of fluid permeability (i.e. k=0.168cm/s
and k=0.528cm/s) for each of the two groups of numerical
analyses. Note that, at prototype scale, the above values
correspond to the natural permeability coefficient of rather
coarse sands.
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4 EVALUATION OF NUMERICAL PREDICTIONS
4.1 Excess pore pressure generation

The numerical predictions are initially evaluated in terms of
the excess pore pressure built up, for the reference case of
liquefied ground without improvement. In particular, Fig-
ures 5a & 5b summarize the comparison between the ex-
perimental measurements (in black) and the numerical pre-
dictions for the two scenarios of the coefficient of the soil’s
permeability (with orange and green color). The comparison
is performed at three different depths and two distinct posi-
tions, namely in the free field, away from the foundation
(locations PC_1, PC_2 & PC_3 in Figure 1) and underneath
the foundation (locations PF_1, PF_2 & PF_3 in Figure 1). In
all cases there is a satisfactory agreement between the cen-
trifuge recordings and the numerical predictions, both in
terms of the maximum value of the developing excess pore
pressure and the time of its occurrence. Additionally, this
particular evaluation shows that the static value of the coef-
ficient of permeability (orange line) captures slightly more
accurately the evolution of the excess pore pressures with
time.
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Figure 5. Excess pore pressure time histories Au (kPa) in
three different depths (@) in the free field and (b) under-
neath the footing.

4.2 Accumulation of seismic settlements

In the sequel, the proposed numerical methodology is
evaluated in terms of seismic settlements. In particular, the
numerical predictions for all five centrifuge tests are sum-
marized in Figure 6, in terms of the normalized thickness of
the compacted zone Z./B, for the two scenarios of perme-
ability coefficient explained earlier.

It is observed that the numerical methodology predicts with
sufficient (qualitative and quantitative) overall accuracy the
beneficial effect of the compacted zone upon settlements.
On average, best fit predictions are obtained for the dy-
namic value for the coefficient of permeability, while use of
the static value consistently under-estimates settlements by
about 20%. It is also of interest to observe that the benefits
from the presence of the compacted zone are practically
exhausted for improvement depths greater than about 1.5
times the width of the foundation B. This particular conclu-
sion is verified by both the centrifuge test results and the
numerical predictions.
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Figure 6. Footing settlement versus normalized densifica-
tion depth Z./B.

The evaluation of numerical predictions regarding the am-
plification of the seismic acceleration applied to the footing,
expressed as the footing/base acceleration ratio for differ-
ent normalized improvement thicknesses, Z./B, is presented
in Figure 7.
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Figure 7. Footing/Base acceleration versus normalized
densification depth Z./B.

Again, the agreement between the numerical predictions
and the centrifuge test results is satisfactory, although now
the static values of soil permeability provide best fit predic-
tions, while the dynamic values provide a consistent lower
bound. It is also interestingly noted that both sets of data
indicate a steady increase of the amplification of the seismic
motion acting upon the foundation with increasing depth of
improvement. It is hence concluded that the extension of
ground improvement to great depths, i.e. beyond 1.5B, is
not beneficial, given that it may marginally contribute to the
reduction of seismic settlements, but it will significantly
amplify the seismic motion and the inertial forces acting
upon the foundation and the super-structure.

5 SUMMARY AND CONCLUSIONS

The present paper deals with the numerical simulation of a
rather complex problem of seismic foundation - soil interac-
tion, under the extreme condition of subsoil liquefaction.
The numerical methodology is initially outlined, and subse-
quently verified against experimental results from well
documented centrifuge tests, aimed to explore the influence
of localized ground improvement of liquefiable sand upon
the seismic response of a circular shallow foundation (Liu &
Dobry, 1997).

The comparison was performed in terms of (i) excess pore
pressure generation, (ii) seismic settlements accumulation
and (iii) footing/base acceleration ratio, for two possible
scenarios regarding the value of soil’s coefficient of perme-
ability. It is thus concluded that:

(@) The numerical analyses predict with fairly good precision
the beneficial effect of ground improvement on foundation
settlement, but also its detrimental effect of seismic accel-
eration amplification at the footing and the super-structure.

(b) The static permeability coefficient provides the best
overall fitting of the foundation response, as it may under-
estimate settlements by no more than 20% while it accu-
rately predicts foundation accelerations.

(c) It is of practical interest that, the experiments, as well
as the numerical analyses, show that the beneficial effect of
ground improvement on settlements ceases for ground im-
provements depths larger than 1.5B (B is the diameter of
the footing), while the amplification of footing acceleration
increases steadily with the depth of improvement. Hence, it
is not wise to extend ground improvement beyond that
critical depth, as its net effect will become detrimental de-
spite the associated cost increase.
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Experimental mechanics at the grain-scale in
sand: Recent work from the geo-mechanics lab
of Grenoble

Edward Ando, Gioacchino Viggiani and Jacques Des-
rues

Abstract

This paper presents some recent x-ray tomography work
from Grenoble, illustrated with existing measurements of
sand grain kinematics under triaxial compression, allowing
full 3D kinematics to be measured for each grain over 18
scanned increments. Future challenges for the application of
x-ray tomography in revealing other grain-scale processes
in sand are also discussed.

Keywords: x-ray tomography; granular media; shear
banding, discrete analysis

1. Introduction

Continuum models of soil behaviour have long been used to
describe the deformation characteristics of these materials,
and with a good degree of success. Continuum models are
easy to use directly within a Finite Element Model (FEM),
allowing complex engineering problems to be simulated.
The tendency of granular materials to undergo strain local-
ization is difficult to capture with such models since the
hypothesis of a continuum breaks down, as deformation
structures emerge within the soil. Many experimental ob-
servations indicate that such structures (shear bands for
example) have a characteristic size (width) of only a few
grain diameters (regardless of grain size) - which indicates
that this is a grain scale phenomenon. The modelling of
such structures is understandably a fine art: continuum
models need sophisticated techniques (such as enriched
continua) to overcome Finite Element mesh dependency,
whereas particle-based simulations such as the Discrete
Element Method or Contact Dynamics require careful cali-
bration. In any case, in order to be able to capture the be-
haviour of a granular medium undergoing localisation with a
model, experimental observations at this scale are required.

This paper presents ongoing work from Laboratoire 3SR
(Grenoble) on this very subject, where granular assemblies
are deformed “in-situ” (i.e., inside an x-ray tomography
machine), allowing multiple states to be imaged in 3D. This
is a technique which is getting increasing attention in mate-
rials science, and in the subject of the study of granular
materials, the work of Alshibli (e.g., Alshibli and Hasan,
2008) and the group at ANU (e.g., Saadatfar et al., 2013)
must be mentioned. The paper shows existing work on the
grain-scale study of shear banding, with results from triaxial
testing, and a short discussion about future challenges.

2. Experimental setup
2.1 Materials and in-situ triaxial testing

This paper presents results obtained on an unsual material:
Caicos ooids, a very rounded carbonate sand from the Turks
and Caicos islands in the British West Indies, D50 = 420um.
These materials (along with others tested), are detailed
fully in Ando (2013), Caicos ooids have been chosen in this
case since their rounded shape helps the automatic identifi-
cation of grains.

The triaxial tests used in this work differ significantly from
standard ones to allow x-ray scanning of the specimen in
various stages of deformation - to this end experiments are
entirely performed within the Laboratoire 3SR x-ray micro-
tomograph. Given that the D50 of the grains studied is in
the order of 300um, the pixel size necessary for sufficient
information for grain has been set to 15.56 um/px, meaning
that an average particle will have around 20 pixels across a

diameter (An average particle will therefore be composed of
around 4200 3D pixels, known as voxels). This choice limits
the field of view and consequently the size of the specimen
is reduced to 22mm height and 11mm diameter. Despite
this extreme miniaturisation, the specimen is composed of
more than 50,000 grains of sand.

Furthermore, since x-ray tomography requires the rotation
of the specimen, the steel tie bars that usually take the
return force from the compression of the specimen would
severely degrade the scan - to avoid this the pressure cell
(which is made in x-ray transparent plexiglas or polycar-
bonate) takes this extra load. Specimens are prepared
dense (through dry pluviation through a 1m tube), and are
tested dry. This would normally mean that no volume
changes can be measured, however these are obtained
from the different 3D images. Triaxial testing is done under
strain control at a strain rate of 0.1%/min, however loading
is interrupted at various points during the test to scan the
specimen (acquiring around a thousand radiographs as the
specimen rotates through 360°). When loading is stopped
the specimen relaxes - the majority of the relaxation hap-
pens in a few minutes after loading is stopped. Axial force
and imposed displacement are measured externally.

2.2 Image-based measurements

The 3D images coming from each scan contain around
1000x1000x1600 voxels, each voxel representing a recon-
structed value of x-ray attenuation (which is roughly related
to density, meaning that grains have “high” and pores have
“low” grey values). From such an image, a local field of po-
rosity can easily be defined, either by defining the grey val-
ues represent pore and grain, and measuring the average
grey value in a suitably defined sub-volume. However the
preferred technique for the low-pressure tests where grains
do not break, is to define a threshold greyscale value,
above which voxels are considered to be grain and below
which they are considered to be pore - the value is chosen
to obtain the solid volume of grains measured by weighing
at the end of the test. Porosity is then easy to define in a
sub-volume in such an image: the volume of voids and sol-
ids are simply counted.

Binary images where the solid and void phases are defined
are the starting point for the definition of individual grains:
the solid phase is split into individual grains using a water-
shed as described in Ando et al. (2012a). Each grain (i.e.,
all the voxels making up an individual grain) is then given a
unique number, and properties of these 3D sets of voxels
(position, volume) can be measured. The splitting and la-
belling procedure is repeated for each imaged state, and
since grains will not have the same unique number, labels
are reconciled by tracking grains from increment to incre-
ment using a specifically developed technique called ID-
Track (Ando et al., 2012a). Following the change in the cen-
tre-of-mass of each grain over an increment gives a very
precise evaluation of the displacement of the particle (with
an error less than 0.1 pixels).

The measurement of rotations is more challenging: at this
resolution the grain shapes are not detailed enough for the
long and short axes of the moment of inertia tensor to be
stable. To overcome this problem, a discrete DIC (digital
image correlation) technique has been proposed in Ando et
al. (2012b), where tracked grains are matched based on
their images - this combined with ID-Track gives the full
rigid body motion of the grains.

3. Results

The measurements that can be obtained with the combina-
tion of tools detailed above are shown, for an example test,
in Figure 1. In the top of the figure, a schematic of the in-
situ setup is shown, along with the macroscopic results ob-
tained from the force and displacement measurements.
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Figure 1 shows schematically the steps of image processing
required to reconstruct a 3D image, and then to define and
follow grains between imaged states, allowing measurement
of their kinematics. The series of vertical slices presented at
the bottom of the figure shows vertical slices taken through

In-situ experimental setup

7
Measuremey, '
i 1 urhnr\;_.!,l:&i displacement 6
St
o - S|
g 2
] ° 4
I
M3
|
2
1
E 6|
> -3 |
w
0 e .
~1000 Radiographs
1 (F‘Rdt!loyaph Scan o
Acquired for cach scan ()] 03
number 3
wy
[}
B
. =
#"Reconstruction into 3D image F =
H i Y .=
E E
LT g g
Qg
&8 Ey |
TP i3 EiZ ’
% Binarisation into solid/pore map ;-j“ua g
. (=i
%- 01-03

gt —

. & e m
. Separation into grain & contact map 2 e
s g
=
°
-

. £ i £ .
- tracking of grains be nincrements ==

- measurement of rotation with D-DIC -~

04-05

the specimen at points during the test, where all grains are
coloured by their incremental rotations. Above these maps
of discrete quantities, is a map of a continuum mechanics
quantity of shear strain, measured on tetrahedra defined by
tesselating grain centres.
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Figure 1. Illustration of the procedure for the analysis of in-situ experiments, with some highlighted results

It is clear that this kind of discrete 3D information available
all the way through a mechanical test represents an ex-
perimental revolution in geomechanics - recent publications
such as Desrues and Ando (2015) show how, for example,
the residual state of stress in specimens with different an-
gularities is easy to relate to the grain-scale kinematics at
play in the shear band.

4. Challenges

Future work will focus on two areas: solving current meas-
urement challenges for the subject presented above, as well
as elucidating new phenomena using 3D images and data
processing tools similar in spirit as those presented.

4.1 Current measurement challenges for grain kinematics

The rotations of grains, as well as the shear strain maps
derived from grain displacements highlight some interesting
phenomena. Especially before the macro-peak, there are
some interesting chains of rotating grains that can even be
seen in the vertical section shown (in 3D the chains are
clear to see, but unfortunately analysing this structure in 3D
as well as showing it in print also remains an open chal-
lenge). The emergence of a wide band of rotating grains
that concentrates into a final shear band is also very inter-
esting, and the grain-scale reasons for this collective behav-
iour are doubtlessly to be found in the way that forces are
transmitted from grain to grain. Looking at the grain maps,
we can see that a specimen with significantly fewer grains
would not have had the degrees of granular freedom in or-
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der to exhibit such a shear band. Unfortunately, having
sufficient resolution to study grain kinematics does not ap-
pear, using standard tools, to offer enough to study grain-
to-grain contacts, as shown in Ando et al. (2013) and illus-
trated in Figure 2 - the number of voxels describing the
contact between the two objects is simply insufficient. Prob-
lems appear both in the counting of contacts (they are sys-
tematically overestimated - see Wiebicke et al., 2015), as
well as the extremely poor definition of their orientation.

System of a few Caicos ooids

Detail of two binarised grains in contact
(voxels making up the grains have explicitly rendered)

Figure 2. A collection of 31 Caicos ooids grains, shown with
a zoom on two grains in contact
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Some work in collaboration with discrete mathematicians
has allowed this measurement to be made in some idealised
cases using a Random Walker (see Viggiani et al., 2013, the
base of this algorithm is now implemented in the python
toolkit skimage - see Van Der Walt et al., 2014), and the
application of this sort of tool is part of the ongoing PhD
work of M. Wiebicke, with the objective of obtaining a fabric
tensor from such measurements. Another approach to the
scarcity of information is to use geometrical models to cap-
ture grain shapes, either in the style of level sets (see
Andrade et al., 2012 and upcoming work), or in the style of
spherical harmonics (see Zhao et al., 2015). Work on all
fronts is extremely important to get further in the charac-
terisation of the complex phenomenon of shear banding.

4.2 Highlighting any grain-scale phenomena with tomogra-
phy

The ability to non-destructively image multiple states of a
granular medium in 3D offers tremendous possibilities in
the quantification of many phenomena in granular materi-
als. In Grenoble, a number of different phenomena are be-
ing investigated at the time of writing. The three-phase
interaction of soil-water-air mix with a focus on the water-
retention behaviour of soil is an important area of focus
(Kaddhour et al., 2013, with important work also done by
other groups such as Sheel et al., 2008 and Higo et al.,
2011. Kim et al., 2011 uses neutrons instead of x-rays to
pick out the water), the study is currently being extended to

Vertical slice (State 1)

the triaxial behaviour of partially saturated sand with a new
triaxial setup. One of the main challenges here is the “tri-
narisation” of such a volume to distinguish all three phases
without errors, this is a particular challenge in the case of
water, since its density is low compared to sand grains.

Furthermore, the quantification of cement is also an impor-
tant area of research work, be it “bio-cemented” materials
such as those produced in U.C. Davis (Delong et al., 2006)
which have been studied with x-ray tomography (Tagliaferri
et al., 2011), or artificially cemented material (see Das et
al.,, 2013 as well as Tengattini et al., 2015). Challenges
here include the difficult quantification of cement and its
evolution between grains (since both can be of similar grey-
scale values).

One last major area of work is grain breakage (as illustrated
in Figure 3), where the challenge is to quantify the process
of breakage, even when particle shapes are evolving, and
particle sizes are becoming small. When particles fall below
the resolution of the measurement, only their average mass
can be followed, and taking this into account in an algo-
rithm is certainly a big challenge. Observations of breakage
in triaxial compression (Alikarami et al., 2014) show that
this is a rich field for exploration, and the ongoing PhD the-
sis of Z. Karatza is in this direction. Results of compression
tests on a few particles (Cil and Alshibli, 2012) also high-
light some interesting particle-level mechanisms.

Vertical slice (State 5)
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Figure 3. Some observations of grain breakage from Ando et al., 2013

5. Conclusions

X-ray tomography, and its application to geomaterials is
becoming a very powerful tool in this field. The ability to
acquire images with a resolution of tens of microns allows
the grain-scale to be accessed in sand, and phenomena to
be characterised at this scale. This kind of measurement
opens many doors: to treat particles discretely and analyse

their collective behaviour with complex networks (see Tord-
esillas et al., 2015), as well as discrete particle-by-particle
simulations (Andrade et al., 2012). Many open measure-
ment questions remain, since the development of accurate
and well-characterised image analysis tools require careful
procedures, however the tempting prospect of answering
long-standing macro-questions at the micro-scale makes
the challenge worth facing.
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Hydrogeologists and Geotechnical Engineers -
Lost Without Translation

Philip Pells and Steven Pells, Pells Consulting and
University of New South Wales

ABSTRACT

Fundamental to structural, geotechnical, hydraulic and
groundwater engineering are coherent, functional, mathe-
matical theories that obey the laws of physics and thermo-
dynamics. Whether explicit, or intuitive, and though they be
simplifications of a complex reality, it is these theories that
set engineers apart from lay persons.

Like all practitioners, hydrogeologists have developed cate-
gorisations of common phenomena to make their tasks eas-
ier, of which two that are ubiquitous in hydrology are:

1. The notion of ‘aquifers’, and their inverse; ‘aquicludes’
and ‘aquitards’

2. The notion of ‘confinement’, and its inverse; ‘connec-
tivity’.

These relate to geology, and mathematics, and are enticing
because geology is complex and mathematics can be diffi-
cult. While the categorisations have been helpful, where the
only consideration is groundwater production, they are de-
ceptions when it comes to assessing depressurisation im-
pacts. In addition they are not scientifically quantifiable with
satisfactory precision.

The categorisations form a heuristic, where:

“heuristics are simplified rules of thumb that make things
simple and easy to implement. Their main advantage is that
the user knows they are not perfect, just expedient, and is
therefore less fooled by their powers. They become danger-
ous when we forget that.” (Taleb, 2012)

In this paper, we trace the etymology of the classification of
‘aquifers’ and ‘confinement’, and the development of the
current hydrogeologist’s heuristic. We show how this leads
to a contagion of error when considering depressurisation
impacts. We also deal with other words and concepts that
are particular to hydrogeology, being Specific Storage, Hy-
draulic Diffusivity, Specific Yield, Specific Retention and
Transmissivity, and which often mystify civil engineers with
conventional training in soil mechanics. By translating these
hydrogeology terms to those understood by engineers we
hope to help communications between these closely aligned
professionals.

1. INTRODUCTION

Hydrogeologists and geotechnical engineers typically reach
their professions by different academic routes - the former
mostly from geology and the latter mostly from civil engi-
neering. For historical reasons these disciplines have
adopted substantially different words to express and define
what are identical physical and mathematical facts and con-
cepts. The net result is that much of the time professionals
of the one kind don’t know what the other kind are talking
about.

In addition these professions have adopted different heuris-
tics to make their tasks easier, heuristics being:

“...simplified rules of thumb that make things simple and
easy to implement. Their main advantage is that the user
knows they are not perfect, just expedient, and is therefore
less fooled by their powers. They become dangerous when
we forget that”. (Taleb, 2012)

Thus geotechnical engineering is based substantially on the
theory of linear elasticity, even though real geotechnical

materials are neither elastic, nor linear. Hydrogeologists in
turn depend substantially on two heuristic classifications,
these being the notions of:

e ‘aquifers’, and their opposites; ‘aquicludes’ and ‘aqui-
tards’, and

e ‘confinment’ and its inverse ‘connectivity’.

It is the purpose of this paper to connect the languages of
hydrogeology and geotechnical engineering, and also to
demonstrate that the heuristics adopted, can have impor-
tant negative consequences. This accords with the point
made by Daniel Kahneman:

"This is the essence of intuitive heuristics; when faced with
a difficult question, we often answer an easier one instead,
usually without noticing the substitution.”

We deal with words and concepts that are particular to
hydrogeology, being Specific Storage, Hydraulic Diffusivity,
Specific Yield, Specific Retention and Transmissivity, and
which often mystify civil engineers with conventional train-
ing in soil mechanics. By translating these hydrogeology
terms to those understood by engineers we hope to help
communications between these closely aligned profession-
als.

We also trace the etymology of the classification of ‘aqui-
fers’ and ‘confinement’, and the development of the current
hydrogeologist’s heuristics, and suggest that, in some situa-
tions, these heuristics are misleading, and no longer neces-
sary.

2. MATHEMATICAL FUNDAMENTALS THAT ALLOW THE
TRANSLATIONS

Boussinesq (1877 and 1902) established the mathematics
of transient groundwater flow through porous media by
combining the differential equation of flow with the equation
of continuity. The resulting equation is the same as the heat
equation determined by Fourier (1807, 1822) - see Figure
1. The only difference is that gravity plays a role in ground-
water flow.

[ i duv K /sdv l d v ! d* o
'R =l H 1} —_— — = —

tquacion d ! C.D \dz d y dat )
mouvement de la chaleur dans lintérieur des corps. Ce

représente e

théoréme fait connaitre la distribution instantanee dans
toutes les substances solides ou liquides; on en pourrait

déduire I'éguation qui convient a chaque cas p:wliru|iv|‘.

Figure 1. The heat equation as published by Fourier (1822)

There are about as many versions of the transient ground-
water flow equation as there are publications on the topic,
with authors choosing to use different symbols and words
for the same thing®. We consider that a neat presentation of
the relevant equations are by Biot (1941).

The equation for flow in three dimensions is:

2_ 100
Vh_cat (1)

where h = potentiometric (hydraulic) head = (p/yw)+z; t =
time, (T); V = Laplace operator; ¢ = consolidation coeffi-
cient (L%/T).

! For example, in a simple matter, it is found that the pa-
rameters for permeability and hydraulic conductivity are
termed, and symbolised as:

K ‘Intrinsic Permeability’ 1> (Verruijt 1970)

K; ‘Permeability” L* (Kresic 2007)

k 'Coefficient of Permeability’ L/T (Verruijt 1970 and Biot
1941)

K 'Hydraulic conductivity’ L/T (Kresic 2007)
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If there is full saturation the consolidation coefficient is:

k
cC = —— (L)
“Yw (2)

where k = hydraulic conductivity (L/T); yw = unit weight of
water (M/L?T?); a = compressibility of the bulk ground
(LT?/M), which is equal to

(1+v)(1-2v)
E(1-v) (3)

where v =Poisson’s ratio; E =Young’s Modulus (M/LT?).

Equations 1 to 3 are for any transient flow problem in a
saturated compressible medium. They assume Darcy seep-
age, small strain theory, linear elasticity and permeability
independent of effective stress. They also assume that wa-
ter is incompressible, although compressibility of the pore
fluid requires only a minor modification to Equation 1.

These assumptions are reasonable for most civil engineer-
ing applications including assessing macro-seepage through
fractured rock masses. The equations can be generalised for
anisotropy and for partly-saturated conditions. Equation 1
allows one to perform key translations.

Firstly, Biot's Consolidation Coefficient is:

e identical to Hydraulic Diffusivity as used in the hydro-
geology literature,

e equivalent to Thermal Diffusivity in the heat equation,
and

e the same as Terzaghi’s Coefficient of Consolidation.

Hydrogeologists use three other terms in association with
Equation 1. They and their translations are:

o Specific Storage (also called Specific Storativity) -
being the product of compressibility and unit weight of
water, viz:

Ss = aYw (1/L) (4)

o Storage Coefficient ( also called Aquifer Storativity
or Storativity) - being the product of Specific Storage
and the thickness of a defined ‘aquifer’ (b), viz:

S = 5,b (unitless) (5)

As a word of caution it must be noted that at depths dealt
with in reservoir engineering for the oil industry, compressi-
bility of pore fluids becomes significant, with the result that
the equations for Specific Storage and Storativity are differ-
ent to those given above, but which are applicable to most
civil and mining engineering projects.

Hydrogeologists also make much use of the term ‘transmis-
sivity’, which is simply Hydraulic Conductivity multiplied by
the thickness of a defined "aquifer’: T = kb.

A particular case has to be addressed where there is a
phreatic surface? in the groundwater regime under consid-
eration. When the phreatic surface changes water either
drains from the ground above the surface as the surface
lowers, or water may go into storage as the surface rises.
This is the situation hydrogeologists refer to as an Uncon-
fined Aquifer. Computations in this situation require modi-
fications to Equation 1, requiring a measure of what Meinzer
(1932) called Effective Porosity® and which most hydro-
geologists call the Specific Yield*. In soil mechanics termi-
nology this parameter has been called Specific Porosity’.

3. DERIVATION OF PARAMETERS

Given the above translations it can be seen that, for the

assumption of linear behaviour, it is only necessary to de-
termine five parameters for each material type, namely:

e Mass Young’s modulus of a jointed rock mass, or the
mass Young’s modulus of the soils in question®

e Mass Poisson’s ratio
e Effective porosity
e Hydraulic conductivity

Geotechnical engineers can usually make reasonable as-
sessments of the likely range of Young’s Modulus values;
and Poisson’s ratio (which is usually between 0.15 and 0.4).
Effective Porosity can also be assessed within reasonable
ranges, being close to true porosity for gravel, and almost
zero for clays and mudstones. However, in-situ permeability
values, and anisotropy of permeability, are usually only
known to orders of magnitude. In the example given above,
this uncertainty changes a benign 200 years to an unaccept-
able 20 years.

In the near horizontally bedded Triassic strata of the Sydney
Basin, which have been investigated for very many under-
ground mining and civil engineering projects, there are very
wide ranges of measured hydraulic conductivity values, and
even wider ranges adopted by analysts (see Figure 2). It can
be seen that there are differences of up to 3 orders of mag-
nitude in respect to adopted permeability values. It can also
be seen that, for the Bald Hill Claystone, there is no correla-
tion between the field tests and adopted parameters.

BALD HILL
CLAYSTONE
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adopted
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Figure 2. Differences in hydraulic conductivity parameters
adopted in the Sydney Basin compared with laboratory tests

In addition there is the observation that permeability values
decrease with depth in each stratigraphic unit (Tammetta
and Hawkes, 2009).

Therefore, it is obvious that uncertainties in hydraulic con-
ductivity values dominate computations of groundwater flow
quantities and depressurisation, these being independent
factors. Sensitivities to compressibility and volumetric water
content is secondary.

It has already been noted that the above parameters are for
assumed linear behaviour. With the power of modern nu-
merical analyses one is not limited to the linear assumption
and usually assessments have to be made of:

2 The phreatic surface is at atmospheric pressure; some dis-
tance above the surface where pore pressures are negative,
air is sucked into the voids causing partial saturation. This is
a highly non-linear situation where hydraulic conductivity
changes and high matric suctions are generated.

3 “volume of interconnected pore space that allows free

gravity flow of groundwater” (Kresic 2007).
4 “that volume of water in the pore space that can freely
drain due to change in the hydraulic head” (Kresic 2007).

® Bishop (1967).

8 Measured from strains under change of effective stress.
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e Hydraulic conductivity versus pore pressure (for nega-
tive pore pressures).

e Volumetric water content versus pore pressure.

The first of these two functions is very difficult to know and
should be studied by parametric variation for a particular
analysis. Such parametric investigations are essential for a
particular project to obtain an understanding of the impacts
of the engineering heuristic of linear behaviour.

4. THE HEURISTICS OF HYDROGEOLOGY
4.1 The Key Problem

A key problem in hydrogeology was that for about 180
years Equation 1 could not be solved for most real situa-
tions. So, using Kahneman'’s language, "when faced with a
difficult question, we often answer an easier one instead...”.

This difficulty went hand in hand with the earliest work in
hydrogeology which was concerned with understanding the
artesian groundwater resources of France and Italy.

4.2 Development of Understanding of Artesian
Groundwater

The word 'aquiféres’, meaning liquid bearing, was used by
the French Zoologist, Lamarck (1830), in describing vessels
of the lungs, some being air-bearing (trachées aériféres)
and some carrying blood (trachées aquiféres).

The same word, aquiféres, was then used in 1835 by La-
marck’s colleague, Francois Arago. Writing in the Annuaire
Le Bureau des Longitudes (p225), in regard to artesian
bores and springs, he said:

"Let’s remember now the way rain waters penetrate some
stratified land layers; let’s keep in mind that it’s only on the
hill slopes or at their crest that the section of the layers is
exposed; that this is their water intake, so it always occurs
at height. Let’s think, in addition, that these aquifer layers,
after going down along the slope of the hills that broke
them a long time ago by raising them, extend horizontally
or almost horizontally across the plains and that they are
often sort of enclosed between two impermeable layers of
clay or rock. So we will conceive the existence of under-
ground aquifers that are, naturally, in the same hydro-
static conditions as the commonplace ducts, whose sou-
térazi give us a model. And that a borehole drilled in the
valleys, through the upper ground down to and including
the highest of both waterproof layers, within which the aq-
uifer is enclosed, will become the second branch of the U-
shaped pipe we mentioned at the beginning of this chapter,
or if you like of an inverted water trap, or, even better, of a
soutérazi. The fluid will rise inside this borehole, to the
height the corresponding aquifer attains on the hillsides it
originated from.

From there, everyone should understand how, on a given
horizontal ground, underground waters, placed at different
levels, can have different upwards forces; from there, eve-
ryone will explain why the same aquifer rushes here at
great heights, while it fails to reach ground level further.
Simple level inequalities will become the sufficient cause,
the natural cause of all these inconsistencies.”

By way of explanation, the word soutérazi relates to the
square obelisks, or pillars, erected in valleys between the
supply reservoir and the city of Constantinople (see Figure
3), such that "the level of the top of every successive pillar
varies analogous to an inclined plan commencing at the
mountains” (Matthew, 1835).
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Water ascends through a lead pipe, flows into a square
basin and descends through a corresponding pipe on the
cther side. Matthews (1835) indicates that the purpose was
to allow escape of air and deposition of debris
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Section of the Sou Terazi or Water Tower

Figure 3. Soutérazi along the water supply to Constantin-
ople

It is clear from Arago’s work that he intended the word ag-
uifer to have a similar connotation to agueduct, and to im-
ply the characteristics of a conduit. The purpose was to ex-
plain artesian springs, a matter which at that time was
somewhat controversial. The concept allowed linkage to the
known science of hydrostatics (Pascal, 1647), and the con-
veyance of city water supplies as described by Darcy (1856)
and Matthews (1835).

In 1836, the Rev William Buckland, who was familiar with
Arago’s work, produced a cross-section showing the genesis
of artesian wells beneath London (see Figure 4). He did not
use the word aquifer.

Section shewing the cause of the vise of water in Artesian Wells in the besin of London,

Figure 4. The artesian wells of London, William Buckland,
1836

We do not know when the terms aquitard and aquiclude
were first used. They do not appear in the works of Meisner
(1923 and 1928), but what became important is that he
encapsulated the essence of these words in the concept of
‘confinement’ of an aquifer. Thus in 1923 he wrote:

"... serves to confine the water of the Lissie gravel under
artesian pressure” (Meissner, 1923, p 308)

In 1928 he presented this idea diagrammatically as repro-
duced in Figure 5.

Fie. 1. Ideal section showing pressure relations in an artesian aquifer.

Figure 5. Confined aquifer, Meisner, 1928
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In the real world, the differentiation between aquicludes,
aquitards and aquifers is unclear. There is no accepted
standard of measurement which differentiates or defines
them in relation to geological formations which are a con-
tinuum of materials with wide ranging properties in regard
to how water is stored and transmitted. There is also no
accepted standard of measurement which differentiates or
defines whether a portion of ground is 'confined' or 'uncon-
fined'.

This confusion was unacceptable to C V Theis, who, 52
years after his famous paper on transient flow to wells
(Theis, 1935), and shortly before his death, dictated the
last changes to a paper titled, “Aquifers, Ground-Water
Bodies and Hydrophers”. In this he said:

"Thus, “aquifer” has been used in so many different senses
by so many people to express their own particular ideas
that it has become an Alice-in-Wonderland word that means
just what the author says it means. Worst of all, the author
practically never tells us what he means. It has been used
in so many different ways that it must be abandoned en-
tirely as a scientific word or alternately to express only the
original usage of it without any relation to the water table
.....”" (Theis, 1987)

4.3 The Co-Development of Approximate Solutions to
the Diffusion Equation

The first mathematical heuristic applied to solving the diffu-
sion equation for groundwater (Equation 1) was by Dupuit
(1863) who postulated that groundwater flows horizontally
in an unconfined aquifer, and that the groundwater dis-
charge is proportional to the saturated aquifer thickness’.
The essence of the assumptions is that equipotentials are
vertical.
From this, Dupuit derived an approximate equation for flow
to a well, namely:
2 2
Q =k (H=—hg)
log(L/R) (6)

where the terms are shown in Figure 6, and L is “/e rayon
du massif filtrant”.

Figure 6. Dupuit (1863) Figure 65; analysis of flow to a
well in a sand island

Obviously the error arising out of the Dupuit assumption
relates directly to the degree to which the actual flow pat-
tern diverges from horizontal, meaning equipotentials are
not vertical.

Thiem (1870) made the equation useful by showing that
beyond a certain distance from a well, drawdown of the
potentiometric surface becomes negligible, and Theis
(1935) extended the solution to non-steady state in a, so-
called, confined aquifer.

All of these reinforced the heuristic of horizontal flow, and
reinforced the use of aquifers, aquicludes and transmissiv-

ity.

7 Dupuit actually addressed flow to a well within a circular
island of sand.

The impact of Dupuit’s heuristic grew to the point where
now, the most widely used 3D groundwater software, MOD-
FLOW, was created within the framework of that heuristic.

There is no doubt that the Dupuit assumption was, and is,
valuable where the prime purpose is furnishing a supply of
groundwater. But the simplifications have locked in obei-
sance to horizontal flow and have fed poor understanding of
groundwater depressurisation. The fundamental difference
between flow quantity, and depressurisation has become
lost. Depressurisation and drawdown became synonyms,
which they are not.

Depressurisation, involves changing the shapes of equipo-
tentials; typically changing them from near vertical to near
horizontal.

5. DISCUSSION

We consider that the lexical differences that have developed
between hydrogeologists and geotechnical engineers for
what are exactly the same concepts and parameters is an
accident of history arising from a combination of the early
studies of artesian groundwater systems, and inability to
solve the diffusion equation without invoking grossly simpli-
fied boundary conditions.

We consider that modern computational methods render
many of the historical terms, and analytical methods obso-
lete, and have led to a contagion of error when considering
depressurisation impacts of tunnels, deep basements, open
pit mines and underground mines. These impacts can be
assessed, not precisely, but within reason, by disregarding
the heuristic of horizontal flow, and by heeding the advice
of Theis (1987) to the effect that the use of the word aqui-
fer “should be abandoned entirely as a scientific word or
alternately to express only the original usage”.
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EAAHNIKEZ
TEXNOAOTIIKEzZ
E=ZEAI=ZEIZ 2THN
FrEQMHXANIKH k.a.

Evopyavn NapakoAoUOnon
NMapagopPrHCE@WV
HE AI0ONTAPEG ONTIK®OV IVvOV

ApXEG SoHIKNAG NnapakoAoUbnong

H napakoAoUBnon TnG SOWIKAG AKEPAIOTNTAG TWV KATAOKEU-
v (Structural Health Monitoring) anoteAei €éva véo enioTn-
Hovikd nedio, Nou €xel okond va NApAacyel KATa To duvaTtov
a&l6nioTa oToIXEia OXETIKA PE TNV KATACTAGN TOU (PopEa unod
napakoAouBnon (Unap&n aTeleiwv, ACTOXIWV, (POPTICEIG, EV-
TATIKM KATAoTaon KAM), NPOKEIYEVOU va anopacicbei n ev-
deXOMEVN aNoOKATAOTACH TOU ME TOV MA£oV KATAAANAo Tpo-
no. Fevika, anoTeAei pia npoondabeia eniluong avTtioTpopou
npoBARUaATOG.

Ta kUpia BrAuarta, Ta onoia nepiAapBavel n HeBodoAoyia
NG SopIkNG napakoAoUuBNoNG sival cuvonTika Ta akOAou-
6a:

e EniAoyn Twv B€o0swv yia Tnv avanTtu&n Tou dikTUOU aiobn-
TNPWV.

e MPoadIiopICHOC TOU TUMOU TWV aIodNTAPWY nou Ba xpnol-
ponoin®olv, avaloya HE To £i00C TwWV PETPOUUEVWV HEYE-
Bwv, TNV anairoupevn akpifeia kar To nepiBAAlov AeiToup-
yiag. H kaAUtepn di1aBoiun pop®n ouvBeTou aiodnThApa
napexel Tn duvaTtoTNTa NEPIYPAPNG TNG EAACTIKAG YPAHUNG
TOU Qopéa, sv® TauTdoxpovd, cUP@wWvA Thv apxn TngG a-
VAOTPEWYIPNOTNTAG TWV ENEURBACEWY O WVNMEIA, €NITPENEI
TNV TonoBETNoN Kal apon Tou kaTta BouAnan.

e ANWN PETPNOEWV and Toug alodnTrpEG.

e SUYKpPION TWV PETPNOEWV Nou eAR@ONoav anod Toug aioln-
THPEG WG NPOG TNV NPOTUNN CUUNEPIPOPA TNG KATAOKEUNG.

e QEonion opiwv ouvayepuou

TEXVIKA XAPAKTNPIOTIKA ONTIKAOV aAiodnThnpmwyv - Guoikn
apxn AsiToupyiag

0.2 pm Mrkog Kuparog
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0.02 °C Oeppokpacia
onTiko KaA®dio AiGpeTpog 3mm MMpoaoTaadia PVC - 'Tveg KEBAap.

TUnog

onTiKAC Tvag MovoTponn 9/125um - Akpulikn enevduon 250um

TUnog AioOnTipa Mnkog Kupartog 1520 - 1570nm R>90%

Mrikog AioOnTipa 0.1-10mm

EUpog MéTpnong + 20,000 pstrain

onTIKOG

ZUvdeoHOG FC/ APC

Napoxn
HAekTpikng Ioxuog

Ospuokpacia -100 °C £w¢ 300 °C
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MapakoAoUOnon TnG AOMIKNG AKEPAIOTNTAG TOU TEi-
XougG TG AKponoAng

Instrumentation of the T3 & I'9 Motorway Bridges of
Egnatia Odos

T3 Motorway Bridge

The T3 bridge has three 28m long openings, each with
seven prefabricated, prestressed beams. The T3 bridge is a
typical bridge of the Egnatia motorway. Thus, its instrumen-
tation provided great interest and was considered to be of
utmost importance.

8 Fibre Bragg Grating optical sensors were installed on the
beams bearing the largest load due to heavy vehicle traffic,
as shown in the image above.
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M9 Motorway Bridge

The 9 bridge was constructed with the balanced cantilever
method. It has two 85m long post-tentioned concrete open-
ings. The M9 bridge is also a typical bridge of the Egnatia
motorway, thus being ideal for structural monitoring.

8 Fibre Bragg Grating optical sensors were installed on the
elements most affected by creep after the cantilever's final
placement.

The sensors were incorporated in FRP casing and were at-
tached on the concrete’s surface with epoxy resin.

Thermal FBG sensors were also installed on both bridges, to
ensure the measurements’ independence from the sensors’
temperature dependences.

Instrumentation of a 325tn Cantilever Crane, New-
castle, UK

The existing 250tn crane in Newcastle upon Tyne was de-
signed and erected in 1936 by William Arrol & Co.

The crane consists of a double cantilever, with the shorter
rear section carrying the ballast. The boom consists of a
twin frame which is approximately 60m long.

The structure has recently undergone modernization to in-
crease the load carrying capacity of the crane to 325tn at a
radius of 80ft (24.2m).

The aim of the structural monitoring is to detect the strains
at critical positions and compare them to the theoretical
values.

L W,

0y,

| ”'. L probd

Patch sensors installed on the upper and on the lower sec-
tion of the main boom

> v EAl

16 sensors along frame A of the central section

CIVIL ENGINEERING MONITORING LTD

1 Palmer Court, Manor House Road, Long Eaton, Nottingham, NG10 1LR
Tel: +44 (0]115 9724238 » Web: www.ce-manitoring.com

(Euayyehog MNaoTpepévng, vastrin@crd.gr)

(Znueimwon Ekd0TN: H napandvw kartaxwpnon €ivai oagwg
dlaenuioTikA. Ala@npilel, OPMWG, €va NPWTOMNOPIAKO MPoidV,
dnuioupynuévo ano 'EAANveG MoAITikoug Mnxavikoug, To o-
noio a&ifel va To npoBAAouUpE.)

TA NEA THZ EEEEI'M - Ap. 86 - IANOYAPIOZ 2016



NMPOZEXEI2
FEQTEXNIKEZ
EKAHAQZEIZ

Ma TiIg NaAaIdTEPEG KATAXWPNOEIG NEPIOTOTEPEG MANPOPOPW-
€C MnopoUv va avalntnBolv oTa nponyoUudeva TeUXn Tou
«nepIodIKoU» KAl OTIG NapaTIBEPEVEG I0TOOEAIDEG.

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

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

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

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

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

www.rs2016.org

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

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

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

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

13" International Conference Underground Construction
Prague 2016 and 3™ Eastern European Tunnelling Confer-
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 geo-
technical engineering, 26 - 28 May 2016, Nagoya, Aichi,
Japan,
www.jiban.or.jp/index.php?option=com_content&view=artic
le&id=1737:20160526288&catid=16:2008-09-10-05-02-
09&Itemid
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11" HSTA< International Congress on Mechanics - Mini-
Symposium Computational Geomechanics from Micro to
Macro, May 27-30, 2016, Athens, Greece,
http://11hstam.ntua.gr

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ACCUUS 2016 15" World Conference Underground Urbani-
sation as a Prerequisite for Sustainable Development, Sep-
tember 12-15, 2016, http://acuus2016.com

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

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

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

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

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

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

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

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

sobre/?lang=en

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

“* NEMO International Conference
Probing the Santorini volcano for 150 years

Aigbvig guvidpio NEMO
150 xpbvia peAETNG Tou NPaITTEIOU TG ZavTopivig

1866-2016

3-5 November 2016, Santorini, Greece
http://nemo.conferences.gr

150 years ago, in early January 1866, the first precursory
phenomena (earthquakes, gas leaks, coast sinking) signi-
fied the beginning of the 6th and largest subaerial eruption
of the Kamenis volcano.

This eruption will last until October 1870 and will build up
the biggest part of today’s Nea Kameni island. However, the
most interesting characteristic of this eruption was not in its
size, length, type or the depositional mechanisms of the
volcanic products. What makes this eruption exceptionally
interesting is the level of development of natural, historical
and social sciences at the time of its occurrence which, in
conjunction with the political and social environment in Eu-
rope at the time, causes international interest and coincides
with, or creates, a series of events that will play an im-
portant role in the development of sciences and Santorini
itself.

During the multiple events of 1860, the construction of the
Suez Canal, the communication boost, the expansion of
imperialist forces in the Mediterranean and the rest of the
world, the Cretan revolution and the blow-up of Arkadi

monastery in 1866, the struggles of Egypt and Algeria, the
Eastern Question and the dissolution of the Ottoman Em-
pire, two very important events take place in Santorini. The
first is the volcanic eruption of 1866, and second is the dis-
covery of the prehistoric buildings in Thirasia, which was
brought by the intense exploitation of the Theran pumice
quarries for the hydraulic projects of the Mediterranean.
These indicents created a major international interest which
attracted scientists, diplomats and military to the island.

It is the infant period for geosciences, mainly of the branch-
es of general Geology and Paleontology. Archaeology is
linked with these sciences through the ongoing paleolithic
excavations in France and Spain.

The detailed observation, study and recording of the erup-
tion of 1866-1870, the study of the structure of the Santo-
rini volcanoes and the excavations in Thera and Therasia at
the same time, constitute a methodological culmination of
new dynamic sciences. The tephra layers and their strati-
graphic sequence, the buildings and the findings that date
them, the use of chemical methods, the evolutionism and
positivism, are science innovations that spread between the
waves caused by the warships and the rival European impe-
rialist powers.

The archaeological discovery of the Late Cycladic house in
Therasia under the ashes (aspa) is realized with the use of
novel for the period technological methods. Under the noise
of the Kameni eruptions, a breakthrough collaboration be-
tween geologists and archaeologists develops, one of the
first cases of interdisciplinary cooperation and joint evalua-
tion approach. The Cycladic house was initially excavated by
Nomikos and Alafouzos, followed shortly after by Fouque
accompanied by the French and Greek scientific committee.
This first excavation of Therasia paved the way for the fol-
lowing prehistoric excavations for the Aegean, as it occured
before Troy, Knossos and Mycenae.

During the same period, the study of the geological struc-
ture of Santorini has led Fouque to adopt the dialectic -
evolutionary thinking method and employ it for the inter-
pretation of the evolution of the area, a very important step
for geological thinking.

For a few years, Thera and Therasia exhibited acute and
concentrated activities, asking for their explanation and
integration to the historical and epistemological framework.
These phenomena revealed the evolution paths and explo-
sive development of epistemological forms and modes,
within the generalised series of conflicts in the Eastern Med-
iterranean.

For all the previous reasons, it was decided to organize the
NEMO 2016 International Conference in order not only to
highlight the aforementioned conjunction of events, but also
to demonstrate the path towards scientific maturity, the
fields of interest, the political forces that were in the spot-
light, the economic hopes and the new social forces and
teams that were developed within the general framework
(collectors, travelers, schools, monastic orders...). The Con-
ference aims to bring into site the above issues through
interdisciplinarity, highlighting the accomplishments of Geo-
logical, Volcanological, Historic-Archaeological and Social
Sciences in Santorini, from 1866 until present.

Topics

Science and Santorini in the 19th century

e The conceptual framework of earth and humanistic sci-
ences in the middle of 19th century

e Santorini’s social and economic structure during the 1866
eruption

e The 1866-1870 eruption through the observations, de-
scriptions, recordings and studies of the “contemporary”
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in situ studiers — researchers. The application of novel sci-
entific methods for the study of volcanic gases and rocks

e Santorini’s historical eruptions and social life through the
archives of the voyagers, scientists and the Therean
studiers - researchers

Science and Santorini today

e Earth sciences and volcanoes, since 1866 till present. The
contribution of the Santorini volcanological studies in their
evolution

e Archaeology and Volcanology - volcanoes and civilization:
the Santorini case and worldwide analogues

e Archaeological excavations in Thera and Therasia

e Study and monitoring of Santorini volcanoes before and
after the 2011-2012 crisis: estimations and conclusions

Volcanoes - Culture and Society

e Timeless island civilizations and cultures

e Myths, legends, way of life and arts

e Local societies: volcanic hazard, social impacts and sur-
vival strategies

e \Volcanoes and sustainable development: raw materials,
products, energy, tourism

e Protection of the volcanic environment: human establish-
ments / natural resources

e Architectural and Archaeological heritage

Contact

Heliotopos Conferences

Imerovigli, GR-84700 Santorini, Greece

Phone: +30 2286023670, 24758, Fax: +30 2286023672
E-mail: conf@heliotopos.net

O3 D

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

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

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

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

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 12 - 17 February 2017, Cape Town, South Africa,
WWW.Saimm.co.za/saimm-events/upcoming-events
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World Tunnel Congress 2017
Surface challenges - 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 util-
ized. The potential for extended and improved utilization is
enormous.

Rapid population growth, increased urbanisation and cli-
mate change in the decades ahead will require major infra-
structure investments and wide use of underground solu-
tions.

Urbanisation encourage underground solutions

For the first time in history, more than half of the world’s
population live in cities. The lack of new urban space means
that infrastructure must be planned underground. Accord-
ingly, the use of the underground needs to be carefully and
coherently engineered with sustainability in mind.

New infrastructure must take into account, that future tun-
nels and underground facilities must be employed to protect
critical infrastructure from the forces of nature and human
interference. Strategic assets for oil and gas, information
technology and communications, and civil defence are in-
creasingly being housed in extremely secure locations, such
as large rock caverns. This ensures their operability even
when disaster strikes.

More renewables necessary

Climate mitigation may be important, but climate solutions
are even more so. Norway is even today a major supplier in
the renewable energy network thanks to the high number of
Hydro Electric Power plants. The demand for more green
energy is sought-after all over the world and Norway have
this expertise.

“"Surface challenges - Underground solutions” is
more than a slogan; for ITA-AITES and its members it
is a challenge and commitment to contribute to sus-
tainable development. The challenges are numerous
and the availability of space for necessary infrastruc-
ture ends up being the key to good solutions. The un-
derground is at present only marginally utilized. The
potential for extended and improved utilization is
enormous.

Topics

1. Site investigation, ground characterization
Urban tunneling (planning, design and construction)

3. Strategic use of underground space for resilient city
growth
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4. Utilization of underground for hydropower projects
(unlined tunnels and shafts, underwater piercing, air
cushion chambers)

Mechanized excavation (hard rock, soft rock and soil)
Innovations in drill and blast excavation
Large caverns (planning, design and construction)

Underwater tunnels (strait crossings for road and rail-
way, utility tunnels)

9. Tunnelling for mining purposes
10. Underground waste storage and disposal

11.Innovations in rock support and water proofing technol-
ogy
12. Operation, surveillance and maintenance

13.Safety management of complex underground excava-
tions

14. Stability assessment, risk analysis and risk management
15. Seismic design of tunnels and underground excavations
16.Tunnel refurbishment

® N ;

17.Case histories - lessons learnt
Contact
Appointed Professional Congress Organizer:

Travel Planners of Scandinavia A/S

Conrad Mohrsvei 11, N-5068 Bergen, Norway / Enterprise
http://www.travel-planners.no

Harald Riisnaes

Managing Director & Owner
harald.riisnaes@travel-planners.no

Tel: +47 55 23 00 70

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

On behalf of the organizing committee I am delighted to
invite you to participate in the 2017 ISRM European Rock
Mechanics Symposium (EUROCK 2017) to be held in Os-
trava, Czech Republic, on June 19-22, 2017. This Sympo-
sium is the common endeavour of the Institute of Geonics
of the Czech Academy of Sciences and the Czech National
Group of the ISRM, who are doing their best to organize a
pleasant and valuable event.

We have prepared an appealing program with a good num-
ber of keynote lectures by some of the world’s leading ex-
perts on rock mechanics. Three short workshops will also
take place before the Symposium and some visits to differ-
ent attractive mine and civil engineering works are in
preparation for the aftermath.

You will also have the opportunity to visit our town and re-
gion. The Moravian-Silesian Region is located in the most
eastern part of the Czech Republic, about 300 km as the
crow flies from the centre of Prague. However, it is only 1
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hour by air, 3 hours by rail and 4 hours by road. Ostrava,
the third largest city in the Czech Republic and the heart of
the Moravian-Silesian Region, is located in the north-
eastern part of the country. It is situated near the Slovak
and Polish border on the banks of the Ostravice River over-
looking the beautiful mountains of Beskydy. Ostrava has
only recently lost the face of a typically industrial city. The
coal mining finally ended there in 1994. The industrial heri-
tage is a unique jewel of architecture. Instead of original
mines, there are mining museums now and there are a
number of closed metallurgical buildings waiting to be inno-
vatively reused. Besides the technical heritage, the city of-
fers its visitors many cultural and historical attractions, as
well as other sights that allow tourists to enjoy a pleasant
day full of exceptional experiences. You can look forward to
experiencing the legendary Czech hospitality, as well as the
excellent Czech cuisine. You will fall in love with the taste
and aroma of known and unknown specialties typical of this
region.

It is a special honour for me to host the Symposium
EUROCK for the second time in the Czech Republic after the
event in 2005 (EUROCK 2005 in Brno city) and I strongly
hope that an exciting program and the charms of this beau-
tiful central part of Europe will contribute to make the Sym-
posium a successful and unforgettable event.

I am looking forward to meeting you in Ostrava in June
2017.

Yours sincerely,
Petr Konicek
Chairman of the organizing committee

Department of Geomechanics and mining research

Institute of Geonics of the Czech Academy of Sciences
Ostrava, Moravian-Silesian Region, Czech Republic

Topics

® Rock mass properties

e Laboratory and in-situ rock testing

e Mine design and ground control

e Underground storage and waste disposal

e Dynamic phenomena in rock mass

e Design methodology in mining and underground con-
structions

e New materials and technologies in geomechanics and
geotechnics

e (CO2 sequestration

e Geothermal energy

e Rock disintegration

® Rock mass issues in mine closure

e Preservation of natural stones

Short Courses and Workshops

One-day workshops will be organized before the Symposi-
um (19 June 2017). The following areas of research will be
presented:

® Workshop on Destress blasting in rock mass

e Workshop on X-ray computed tomography in geosciences

e Workshop on Utilization of water jets for exploitation and
processing of geomaterials

CONTACTS

Organizing committee

Dr. Petr Konicek
Institute of Geonics AS CR
Studentska 1768
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708 00 Ostrava - Poruba
Czech Republic

P.: +420 596 979 224
F.: +420 596 919 452
E.: info@eurock2017.cz

Symposium Secretariat

BOS. org Ltd.

FN Ostrava - Domov sester
17. listopadu 1790/5

708 52 Ostrava - Poruba
Czech Republic

P.: +420 595 136 808

F.: +420 475 205 169

E.: ostrava@bos-congress.cz
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BCRRA 2017
Tenth International Conference on the Bearing
Capacity
of Roads, Railways and Airfields
28th to 30th June 2017, Athens, Greece
www.bcrra2017.com

BCRRA 2017 Conference will cover aspects related to mate-
rials, laboratory testing, design, construction, maintenance
and management systems of transport infrastructure focus-
ing on roads, railways and airfields. Additional aspects that
concern new materials and characterization, alternative
rehabilitation techniques, technological advances as well as
pavement and railway track substructure sustainability will
be included. Providing a unique opportunity to interact and
exchange and share information amongst researchers, prac-
ticing engineers and other professionals, BCRRA 2017 will
welcome experts in the field from all over the world who
can exchange their views and experiences, and have an
outlet to discuss new concepts and innovative solutions.

Topics

The Conference will include aspects of transportation infra-
structure focusing on roads, railways and airfields. Topics
will concentrate but not limit to the following:

1. Policies on the bearing capacity of roads, railways and

airfields

Unbound aggregate materials and soil properties

Bound materials characteristics, mechanical properties

and testing

Traffic loading

Field measurement techniques and analysis tools

Pavement field evaluation

Correlation of laboratory and field testing results

Monitoring and assessment of roads, railways and air-

fields structures

9. Geophysical methods for structural evaluation

10. Pavement surface condition and performance assess-
ment

11. Maintenance and preservation

W

@NoU
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12. Reinforcement and rehabilitation design

13. Analysis of Long-Term Pavement Performance (LTPP)
data

14. Drainage and environmental effects

15. Climate change, energy and sustainability

16. Full scale testing (ALF, HVS)

17. Emerging technologies

18. Life cycle analysis

19. Non-standard pavements

20. Case histories of roads, railways and airfields

Contact Us
For abstract/paper submission issues and scientific matters:

Dr. Christina Plati
Konstantina Georgouli
(+30) 210 7721328
pavnet@central.ntua.gr

For registration, accommodation and venue matters:
Conference Secretariat

16 Kifisias Av., GR-11526, Ampelokipi

Georgia Kateriniou

(+30) 210 7499318 ,7499300
secretariat@bcrra2017.com

3 O

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

19" International Conference on Soil Mechanics and Geo-
technical Engineering, 17 - 22 September 2017, Seoul, Ko-
rea, www.icsmge2017.org

(C- 4R -0)

GeoAfrica 2017

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

(C- 4R -0)

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

O3 D
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10th Asian Rock Mechanics Symposium -
ARMS10
October 2018, Singapore

Prof. Yingxin Zhou

Address:

1 Liang Seah Street

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

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

Contact

AFTES

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

Fax +33 1 44 58 24 59

Email aftes@aftes.fr

Website www.aftes.asso.fr

WTC 2018
Dubai

World Tunnel Congress 2018

20-26 April 2018, Dubai, United Arab Emirates

Contact

P.O. Box: 4484

ENOC Building # 1 , 2nd Floor, Wing A
Oud Metha Street

Dubai

Tel. +971 4 337 4449

Fax +971 4 337 2228

Email dxbsoe@emirates.net.ae

Website www.uaesocietyofengineers.com
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EUROCK 2018
22-26 May 2018, Saint Petersburg, Russia

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

199106 St. Petersburg

Russia

Telephone: +7 (812) 328 86 71

Fax: +7 (812) 328 86 76

E-mail: trushko@spmi.ru

3 O

UNSAT2018 The 7' International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,

www.unsat2018.org

O3 D

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

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

Telephone: (+65) 637 65363

Fax: (+65) 627 35754

E-mail: zyingxin@dsta.gov.sg

3 O

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

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

(C- 4R -0)
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ecsmge-2019

The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
“Geotechnical Engineering, foundation of the
future”
1st - 6th of September 2019, Reykjavik, Iceland
www.ecsmge-2019.com

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

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

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

Biggest landslides worldwide

Part 1 https://www.youtube.com/watch?v=iciLigLgsWc,
Part 2 https://www.youtube.com/watch?v=r4 yhypLuVQ
(Published on Sep 2, 2013)

World's Most Killer Landslides Ever Recorded
https://www.youtube.com/watch?v=V] ykqJuGIO
(Published on Jan 8, 2015)

Larger Than Life Landslide

In 1980, the eruption of Mount St. Helen's created a land-
slide so powerful that it leveled 150 acres of forest and
killed 57.

https://www.youtube.com/watch?v=K5pidzTZslo

(Published on Mar 9, 2012).

O3 D

Ropoto: Greece’s Sinking Ghost Town (video)

Ropoto was a thriving village and home to 300 families, un-
til an unprecedented disaster in 2012 turned it into a ghost
town, today forgotten by authorities.

Me TIG VEEG PWTOYPAPIEG TOU XwpPIoU PonwTd, aoyoAeital To
pwalkd dikTuo Russia Today, AOYyw TNG EKTETAMEVNG KATOAI-
o0nong n onoia €xel &ekivoel anod To 2012, katadeikvlovTag
TIC KATAOTPOPIKEG CUVEMEIEG TNG PUONG OTNV AAAOTE akpa-
fouaa kolvoTnTa.

To xwpld PonwTd, oTnv neploxr TwV TPIKAAWV OTNV KEVTPI-
k) EAAGDa, €xel nAfov eykaTaAsipBei 6Tav ol Xwpikoi avay-
KAOTNKAV va €yKATAAEIWouv Ta oniTia Toug €&aiTiag Twv ou-
VveEXICOUEVWY KATOAIOBNOEWY, avagEpel TO PWOIKO npa-
KTOPEIO EI0N0EWV.

MoAAG KTipla £XOUV KATAPPEUTEl EVTEAWG, EVW AAAA QaiveTal
va napagevouv os peydio Baduo avénaga. To £3agog sival
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0aB6p0o, Kal CUPPWVA PE NPOCYPATO VTOKINAVTEP aneikovileTal
n O&€IvVA) KATAOTACN TWV NANYEVTWV KATOIKWV.

MNepioodTepeg and 300 OIKOYEVEIEG AvVAYKACTNKAV va £yka-
TaAgiyouv Ta oniTia Toug AOY®W TNG ANOTOMNG HETATOMIONG
Tou €dagouc, kal dev £xouv AaBel kapia Bondeia n anolnui-
won and Tnv eAANVIKN KuBEpvnon, oUUMWVA PE KATOIKOUG
TNG NEPIOXNC KAl CUVEVTEUEN TOUG O NPOC(ATO VTOKIPAVTED
eAANVikov MME.

«To xwp16 dev unapyel nia. O1 avBpwnol dev pnopouv va -
OOUV £KEi» €ing KATOIKOG. O id10G I0XUPIOTNKE TinoTa dev £yi-
VE TINOTa anoAUTWG yia va JIoXeTEUOOUV TO VEPO TNG BPOXNG
Jakpia f va npooTaTteloouV Ta OniTia, Kdl Ol KATOIKO! ageE-
Onkav arnv TUXN TOUG.

O idlog €ine gniong oToug dNMOCIOYPAPOUG OTI Ol KATOIKOI £E-
akoAouBoUv va nAnpwoouv Qopo akivntng neplouaiag (EN-
®IA), napd Tnv douIkn eNIdEiVwan TwV GMITIOV Toug!H!!!

Aev €ival n NpwTn Gopd katd Tnv onoia SIAMNIOTWVETAl TO
avaAynTo npoowno Tn¢ e€ouaiag os £va Xwplo TO OMoio ene-
{nos and TNV €Noxn TNG ToUPKOKPATIag YEXP! TIG NUEPEG HaAG.
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H Nopapxia, o Afpog, n Nepipepeia kal TEAOG OAEG o1 KuBep-
VNOEIG Apnaoav To XwpIlo auTd va To «NApPEl TO NOTAWI».

Tnv idla oTiyun anairoUv va AaupBavouv @oOpo cav v pnv
oupBaivel TinoTa. Movo ornv EAAGda oupPaivouv auTég ol
ouunEPIPOPEG dIOTI NoAAoi Eexaoav va aoxoAnbouv kal e
TOUG KATOIKOUG TNG EAANVIKAG unaibpou.

TO BINTEO : https://youtu.be/uVOAgQKrACZU?t=15

https://www.youtube.com/watch?v=Ur8v6QBFVO8&ebc=A
NyPxKrIEfIMSt76fRvteE-OsyKw yYzzbF1JuO5wwOh-
UTvptragzDMFhMc85sDYxalGKy0eYAGQaNvZmtNJo5-
CuA03C8iDg (NANnpeg)

10 aioBéara nou BpiokovTal KATW anod Tn yn!

Opiopévol and Toug MIo EVTUNWOIAKOUG MPOoOpPIcHOUG OToV
KOOMO €ival KpuPPEvVol KATw an’ Ta nodia pag. Kanoior ivai
BalpaTta NG @uoNG, aAAol dnuioupynuaTa Tou avBpwnou,
oAa Opwg a&ifouv va ByoUpe and Tov dpOMO Pag Kal va Ka-
TeBoUME MOAU XapnAd.

1. MeTpO ZTOKXOAHNG

To PETPO TNG ZTOKXOAUNG BewpeiTal To wpaidoTepo oTnv Eu-
pWMN Kal To anokaAouv «n NakpuTEPN YKAAEPI OTOV KOOWO>»,
apoU kdBe oTABUOG €ival GIAKOOUNUEVOG HE EVTUNWOIAKA

nalid kal olyxpova £pya TEXvVNG and nepioooTeEPOUG anod
150 dnuioupyoug. Ano Toug 100 oTabpoug ol 47 eival uno-
YEIOI, EVW Ol EPTA YPAUMEG Eexwpilouv PE XPpWHUATA «naAalo-
TNTAG»: ol Npdacivol oTabuoi eykaiviaornkav 1o 1950, o1 KOK-
KIvol To 1964 kai ol pnAe sival ol vedtepol (1974) kai Bpi-
oKovTal oTo BaBUTEPO onUEio KATW anod TNV NOAn.

2. Naog o€ ahatwpuyeio, MoAwvia

ZTov vad nou KATaokKeudoTnke oTa BAON Tou alaTwpuxeiou
Wieliczka otnv MoAwvia, Ta navta, and Toug noAutgAaioug
WG Tnv Ayia Tpdanela, €xouv Aa&euTei oe opukTod aAdri. Ol
Eevaynoeig edw Eekivnoav Tov 140 ai®va kal avapeoa o au-
TOUG nou kaTéRnkav 200u. katw an’ 1o €5agog yia va To
Baupdacouv, ATav anod Tov Komépviko Kal Tov Mkaite wg Tov
TCopTl Mnoug eni npoedpiag Twv HMA. 'Eva aAAo Tuniua Tou
opuxeiou €xel diapopPwOei o aiBouca ekdnNAwoewv (enidei-
&eig pOdAg, ouvauAigg k.a).

3. BaoiAikn KivoTépva, KovoravrtivoinoAn

H BaoiAikf) KivoTépva eival pia unoyeia de€apevn — apxiTe-
KTOVIKO Baupa and Tnv enoyxn Tou IouoTiviavoU Kal pia ano
TIG MO ATHOO@AIPIKEG YWVIEG TNG KwvoTavTivounoAng. Ol
ToUpkol Tnv anokaloUv «BuBiopevo [MMaAdTi» (Yerebatan
Sarayi) kal OVTW¢ auTn €ival n evTinwaon nou anokopilel ka-
nolog BAénovtag Toug 336 UNOBANTIKA PWTIOUEVOUG KIOVEG
va avaduovTal and To VeEPO Ot 12 OeIpEg, und TOUG NXOUG
KAAOIKAG HOUTIKNAG.

4. Z1a8pog Formosa Boulevard, TaiBav

ZTnv opo®r Tou oTabuol Formosa Boulevard, otnv TaiBav,
UNApPXEl MIa £yKATaoTaon nou anoteAsital and 4.500 kKouua-
TIa yiaAoU. Oewpeital To PHEYAAUTEPO YUAAIVO €pyo TEXVNG
OTOV KOOHO Kdal PE TOUG PAavTaouayopikoUG XPWHATIOHOUG
KAl Ta ONTIKA €PE MOuU JNMIOUPYEI TO WG, O XWPOG eival
TOOO ATHOOQAIPIKOG MOU XPNOIYOMOIEITal Kal yia YAuAAIEG
TEAETEG.
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To BaBuTepo BepaTikd NAPKO TOU KOOUOU E€xel 0TnBei PETa
ota apxaia ahatwpuxeia Salina Turda, otnv TpavouABavia
TnG Poupaviag. O1 enIoKENTEG KaTeBaivouv oxedov 122 PETpa
yla va avakaAUwouv Tnv I1oTopia Tou aAaTtiol, va avéBouv
oTov PUAO Tou AoUva napk, va nai€ouv pivi YKOAQ, UNACKET,
MNOOUAIVYK Kl MIVYK MOVYK N va Kavouv Bapkada oTo onn-
AQIO HE TOUG EVTUNWOIAKOUG OTAAAKTITEG KAl OTAAAQYHITEG.

6. ZnAAaio Hang Son Doong, BisTvap

%

To peyaAUTepo onnAaio oTov KOOWOo BpiokeTal oTo BIETVA KI
evw OBewpeiTal OTI OXNUATIOTNKE MNpIv and 2 ekaToppupio
Xpovia, To avakdAuye Tuxaia €vag aypotng MOAIC To 1991.
MpokeTar BERaia yia To Xavyk Zov NTovyk (Hang Son
Doong), To onoio OTNV axavr Tou €KTaon ME Ta XIAIAdeg
JuoThpia nou kKpUBEl, avakaAu@Bnke nwg £xel dikn Tou Joly
KAQ, €éva noTapl, €EwNpayuaTikEG akTEG Kal aTtaAaypiteg 70
gHeTpwV. H eEepelvnon dsv €xel oAokAnpwOsi akopa and
Toug €1B1koUG, WATO0O UNApPXEl Mia diadpopn yia TOUpIioTEG ol
onoiol YNaivouv PE TO OTAYOVOWUETPO: oTn didpkeia Tou 2015
EMNITPANNKE N €i00d0¢ NOVOo o€ 500 ENIOKENTEG.
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7. NA®TO6 unoyeio notapil Puero Princesa, ®IAInniveg

‘Eva anod 1a «Néa 7 ©alpara Tng duong» kai und Tnv npoo-
Taoia Tng UNESKO ano6 Tto 2004, To Puero Princesa €ival To
MEYAAUTEPO MAWTO UNOYEIO NMOTAMI OTOV KOOHO. Exel prkog 8
XAM. MOU MPOC@EPOUV OTOV EMICKENTN MIA €EWTIKA €Uneipia
nepifnynong oto BaupacTd oloTnua onnAdiwv HE EvTunwaold-
KOUG OTAAQKTITEG, KATAPPAKTEC, AUVEC ME KPUGTAAAIVA vEPA
kal anibavn xAwpida kar navida.

8. Ynoyeia noAn Coober Pedy, AuoTpalia

Xdapn oToug 40 °C nou Toug Wrivouv kabnuepivd, ol NePIOCO-
Tepol Katoikol TnG Kouunep Mévti, otn NoOTia AucTpalia,
Couv kATw an’ Tn yn. AuTh €ival n peyaAUTepn unoyeia noAn
oToV KOOMO, Kal «xTioTnke» a&lonolwvTag oTnv ouaia Ta o-
puxeia nou dnuioupynBnkav TNV €noxr Tng €£0pu&ng onaAi-
ou. AlaBgTel éva noAU kaAd cUoTnua Eagpigpol Kai diatnpei
oTabepr) dpooepry Bepuokpaacia, evaw €kTOG Ta dlapepiopara,
OTOUG «3pOPOUG» TNG ouvavtag and BIBAIONWAEIO WG ek-
kAnoia kai §evodoxeio yia 600U Jev AVTIHETWNI(OUV Mpo-
BAAuaTa kAsioToopBiag.

9. Mouosio Cabinet War Rooms, Bperavia
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Katw and Toug dpopoug Tou Aovdivou, OUYKEKPIPEVA KATW
ano To Ynoupyeio OIKOVOUIK®WY, undpxel To pouceio Cabinet
War Rooms (f; Churchill War Rooms), Eival apiepwuévo otn
{wn Tou Bpetavol npwbunoupyol ToOPTIA Kal ol aiBouceg
avanapioTouv We akpifeia To KEvTpo dioiknong Tng Bperavi-
KNG KuBEpvnong oTn didpkeia Tou B’ Maykdopiou MoAgpou.

10. ZnAAaio AipoU, Aakwvia

To onnAaio otn BAuxada Tou AipoU oTn Aakwvia, Bewpeital
€va and Ta ohop@POTEPA OMnAaid OTOV KOOWO, av Kal n
45\enTn TOUPIOTIKN O1adPOMN HE TO KAPARAKI OTIG BEUATIKEG
aiBoua<g Tou, NapdTI O APRVEl UE TO OTOMA AVOIXTO, OV a-
nokaAunTel OAa Ta puoTikG Tou. H nmapouadia Tou vepou, n
navTeAng €AAelwn Adonng, ol anibavol oxnuaTiopoi geoa Kal
€Ew anod To vepd, ol YovadikeEG OTOV KOOWO «BeAovec» (ka-
AUNTOUV TO HEYAAUTEPO MEPOC TOU Kal oxnuaTifouv Buoa-
VOUG) Kal Ta GUYKAOVIOTIKA anoAiBwuata {wwv, gival Pepika
ano Ta oToixeia nou guvioToUVv To HeyaAeio Tou. O1 gEepeu-
vnoelg dev €xouv oAokAnpwBei, kaBwg oI annAaloAdyol ava-
kaAUnTouv d1apkwG VEOUG BaAdpouc.

(http://perierga.gr/2015/12, 14 AekepBpiou 2015)

Vasquez Canyon: a new landslide in Santa
Clarita, California

A significant landslide has developed in the last few days in
Vasquez Canyon, in Santa Clarita in California. The land-
slide, which appears to be progressive and has no obvious
recent trigger, has caused extensive buckling of the road,
which has been closed over a three kilometre stretch. This
image, from the Santa Clarita Valley Signal, provides quite
a good general view of the situation beyond the road:

=

The landslide, from the_Santa Clarita Valley Signal

The landslide has caused impressive damage to the high-
way:

Vasquez Canyon road from KTLAS

Interestingly, the media are suggesting that this buckling
has occurred because the road is moving upwards. Whilst
this might sound a little odd,_this excellent drone foot-
age suggests that this might the case:

This is a still from the drone footage of the landslides,
showing the damage to the highway:

Vasquez Canyon Road via Youtube

This is Google Earth imagery of this section of the road,
dated April 2015 - i.e. seven months ago:

CCaadle:asrit
suses G00gle eart!

Vasquez Canyon Road via Google Earth

There are clearly some signs of instability in this image, and
note the other landslides in the image. The section of road
that has failed is in a box cut, so it would appear that
unloading of the slope may be a key factor in the landslide.
And interestingly, this imagery from two years ago (May
2013) suggests significant movement at that time as well:
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Siem. < ;00gle earth

Vasquez Canyon road in 2013 from Google Earth

And finally, this is Google Street View imagery of the road,
taken in 2011:

Google eartf

Vasquez Canyon road via Google street view

The extensive deformation in the road was clear even then
- indeed the road shows longitudinal cracks along this en-
tire section. Thus, although this landslide looks very sud-
den, it has been developing over a prolonged period.

(22 November 2015,
http://blogs.agu.org/landslideblog/2015/11/22/vasquez-
canyon-1)

H £&€Ai§n Tou paivopévou

ik

' 3:36 PM

H endpevn pwTtoypapia deixvel Tov idlo 6pdpo, nepinou pia
wpa apyoTepa, nepinou 16:30.

TA NEA THZ EEEEI'M - Ap. 86 - IANOYAPIOZ 2016



HUGE CRACK
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ENAIAG®EPONTA -
NMEPIBAAAON

AvOpwnokaivo
O avepwnog £xel PEPEI TOV NAAVATN «OE€ VEA
YEWAOYIKR Enoxn>»

H ' ™ vOxTa 6nwc @aiverar and tov Aibvr AlaoTnuikod
>Tabuo. H avbpwnivn napouacia gival napandvw ano spea-
VNC.

Ta ave&itnAa ixvn nou agnvel n avBpwnivy dpacTnpioTnTa
oTtn 'n ival nAéov T6c0 EekdBapa woTe dikaloAoyouv Tnv a-
vayvmpion HIag veag YEWAOYIKAG €NOXNG, avagepel S1EBVAG
opada YEwWAOYwV.

O YEWAOYIKOG XpOVOG anod To OxXNMATIONO TG NG WEXP! on-
HEPa XWPICETAl O €EMNOXEC PE BACN XAPAKTNPIOTIKA €UprMaATa
o€ NeTpOMATA Kal Ifnpata. Auepa foupe enioAPwg otnv O-
Aokaivo Enoxn, n onoia &ekivnoe pe Tn AREN Tng TeAeuTaiag
€NOXAG TWV NAYETOVWV MApiv ano 11.700 xpovia.

'OA0 Kal NEPITaOTEPOI YEWAOYOI MIOTEUOUV NAEOV OTI TO OAO-
KAIvo €xel oUoIaoTika ANEel kal o nAavnTng nepva oto Av-
OpwnoOKaivo, TN YEWAOYIKH €noxn Tou avepwnou.

H véa enoxn dev £Xel avayvwpIoTel enionua Kai ol diIapwvieg
NAapapgevouv wg npog Tnv anodoxr Kai Tov opiopd TngG: dAAol
nioTelouv OTI To AvBpwnokaivo dpxioe Pe Tnv diadoaon Tng
yewpyiag Ta TeAeutaia 10.000 xpdvia, eva dAAol npoTeivouv
WG apxn TNG Tnv NpwTn doKIuA nupnvikng Boupag, n onoia
YEHIOE TOV nMAavATn HE ixvn padioicoTonwv. AAAol, naAl, Ba
npoTigoloav va Tnv opicouv Pe BACN TA MIKPOOKOMIKA KOW-
paTia nAaoTikoU kal AAAWV TEXVNTWV UAIK®V nou evtonifov-
Tal nAéov ota I{ANATA KAl TOUG NOoAIKoUg ndyouc.

>To TeAeuTaio TeUXOC Tou neplodikou Science, n Oupada Ep-
vaciag AvBpwndkaivou, pia opdda spyaciag nou cuoTadnke
ano Tnv Aigbvr) Enitponn ETpwpatoypagiag, avagpepel OTI ol
eVvOEIEEIG UNEp TNG avayvwpiong Tou AvBpwnokaivou eival
nAgov Eekabapeg.

H Opada Epyaciac cup@wvei e Tov 0opIoud Tou AvBpwno-
KAIVOU WPE BACEl TA XAPAKTNPIOTIKA TwV OUYXpovwv 1IgnHa-
TwV: «O1 avBpwnol ennpedlouv To nepiBailov and noAu na-
Ad, npoéopaTa Opwg unnpge pia TaxuTatn, Naykoopia €&a-
NAWON VEWV UAIKOV ONWE TO aAOUWiVIo, TO TOIMEVTO Kdl Ta
NAAQOTIKA, UAIKA NMOU agprvouv Ta onuadia Toug oTta iIZhuara»
Aegl o Ap KOAIV TouodTepg TnG BpeTavikAg MewAoyIkAG Ynnpe-
oiag, enikePaing Tng HEAETNG.

«H xpron opuKTWV Kaucidwv €xel diaoneipel cwuaTidia TE-
(ppac os OA0 TOV KOGHO, KATI MOU CUMMINTEI XPOVIKA WE TAV
KopUPwan TnG 51acnopdg padiovoukKAEOTIBiwY ano TIG dTHo-
OQalpIKEG DOKIPEG MUPNVIKWV ONAWV>» ouveXilel.

H Opdada Epyaciag 8a ouvexiosl va OUAAEYEl OTOIXEIA KAl TO
2016 npokelpgévou va dWOEI CUCTACEIG YId TNV avayvwpion
Tou AvBpwnokaivou Kal Tov opIoud Tou.

Mpog To napov, navtwg, {oUue akopa ato OAOKaivo.
(BayyEAng MpaTikakng / Newsroom AOA, 08 Iav. 2016,

http://news.in.gr/science-
technology/article/?aid=1500050239)

The Anthropocene is functionally and strati-
graphically distinct from the Holocene

C.N. Waters, J. Zalasiewicz, C. Summerhayes, A.D.
Barnosky, C. Poirier, A. Gatuszka, A. Cearreta, M.
Edgeworth, E.C. Ellis, M. Ellis, C. Jeandel, R. Lein-

felder, J.R. McNeill, D. deB. Richter, W. Steffen, J. Sy-
vitski, D. Vidas, M. Wagreich, M. Williams, A.
Zhisheng, J. Grinevald, E. Odada, N. Oreskes, A.P.
Wolfe

Evidence of an Anthropocene epoch

Humans are undoubtedly altering many geological process-
es on Earth—and have been for some time. But what is the
stratigraphic evidence for officially distinguishing this new
human-dominated time period, termed the “Anthropocene,”
from the preceding Holocene epoch? Waters et al. review
climatic, biological, and geochemical signatures of human
activity in sediments and ice cores. Combined with deposits
of new materials and radionuclides, as well as human-
caused modification of sedimentary processes, the Anthro-
pocene stands alone stratigraphically as a new epoch be-
ginning sometime in the mid-20th century.

Science, this issue p. 10.1126/science.aad2622

Structured Abstract
BACKGROUND

Humans are altering the planet, including long-term global
geologic processes, at an increasing rate. Any formal recog-
nition of an Anthropocene epoch in the geological time scale
hinges on whether humans have changed the Earth system
sufficiently to produce a stratigraphic signature in sedi-
ments and ice that is distinct from that of the Holocene ep-
och. Proposals for marking the start of the Anthropocene
include an “early Anthropocene” beginning with the spread
of agriculture and deforestation; the Columbian Exchange of
Old World and New World species; the Industrial Revolution
at ~1800 CE; and the mid-20th century “Great Accelera-
tion” of population growth and industrialization.

ADVANCES

Recent anthropogenic deposits contain new minerals and
rock types, reflecting rapid global dissemination of novel
materials including elemental aluminum, concrete, and pla-
stics that form abundant, rapidly evolving “technofossils.”
Fossil fuel combustion has disseminated black carbon, inor-
ganic ash spheres, and spherical carbonaceous particles
worldwide, with a near-synchronous global increase around
1950. Anthropogenic sedimentary fluxes have intensified,
including enhanced erosion caused by deforestation and
road construction. Widespread sediment retention behind
dams has amplified delta subsidence.

Geochemical signatures include elevated levels of polyaro-
matic hydrocarbons, polychlorinated biphenyls, and pesti-
cide residues, as well as increased 2°7/2%pp ratios from lead-
ed gasoline, starting between ~1945 and 1950. Soil nitro-
gen and phosphorus inventories have doubled in the past
century because of increased fertilizer use, generating wide-
spread signatures in lake strata and nitrate levels in Green-
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land ice that are higher than at any time during the previ-
ous 100,000 years.

Detonation of the Trinity atomic device at Alamogordo, New
Mexico, on 16 July 1945 initiated local nuclear fallout from
1945 to 1951, whereas thermonuclear weapons tests gen-
erated a clear global signal from 1952 to 1980, the so-
called “bomb spike” of excess'*C, 2*°Pu, and other artificial
radionuclides that peaks in 1964.

Atmospheric CO, and CH, concentrations depart from Holo-
cene and even Quaternary patterns starting at ~1850, and
more markedly at ~1950, with an associated steep fall in
53C that is captured by tree rings and calcareous fossils. An
average global temperature increase of 0.6° to 0.9°C from
1900 to the present, occurring predominantly in the past 50
years, is now rising beyond the Holocene variation of the
past 1400 years, accompanied by a modest enrichment of
5'%0 in Greenland ice starting at ~1900. Global sea levels
increased at 3.2 £ 0.4 mm/year from 1993 to 2010 and are
now rising above Late Holocene rates. Depending on the
trajectory of future anthropogenic forcing, these trends may
reach or exceed the envelope of Quaternary interglacial
conditions.

Biologic changes also have been pronounced. Extinction
rates have been far above background rates since 1500 and
increased further in the 19th century and later; in addition,
species assemblages have been altered worldwide by geo-
logically unprecedented transglobal species invasions and
changes associated with farming and fishing, permanently
reconfiguring Earth’s biological trajectory.

OUTLOOK

These novel stratigraphic signatures support the formaliza-
tion of the Anthropocene at the epoch level, with a lower
boundary (still to be formally identified) suitably placed in
the mid-20th century. Formalization is a complex question
because, unlike with prior subdivisions of geological time,
the potential utility of a formal Anthropocene reaches well
beyond the geological community. It also expresses the
extent to which humanity is driving rapid and widespread
changes to the Earth system that will variously persist and
potentially intensify into the future.
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— Glacial
sediment

Indicators of the Anthropocene in recent lake sedi-
ments differ markedly from Holocene signatures.

These include unprecedented combinations of plastics, fly
ash, radionuclides, metals, pesticides, reactive nitrogen,
and consequences of increasing greenhouse gas concentra-
tions. In this sediment core from west Greenland (69°03'N,
49°54'W), glacier retreat due to climate warming has re-
sulted in an abrupt stratigraphic transition from proglacial
sediments to nonglacial organic matter, effectively demar-
cating the onset of the Anthropocene. [Photo credit: J. P.
Briner]

http://science.sciencemag.org/content/351/6269/aad2622
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ENAIA®EPONTA -
AOINA

Té€ooepig (EAANVIKEG) YEQPUPEG - onHEia avagpo-
PaG yia To pEAAov

Av pwTnoeig evav ‘EAAnva noia €ival n npwTtn y€pupa nou
TOU €pXETAl OTO HUAAO, Ol anavtAoslig HaAAov Ba dixaoTolv
avapeoa oTn yepupa Piou-AvTippiou Kdl... TO YEQUPI TNG Ap-
Tac. H anooTtaon avauyeoa oTig dUo YEQUPEC €ival i0WG EKEi-
VN MOU CGUUMUKVWVEl KAl TNV 10Topia Twv OnUogiwv &pywv
oTn XWPA Pag, Pe Ta emTelypaTa Kal TIG Kakodalhovieg Tou.

H yepuponolia, navtwg, €xel onUavTikn 10Topia oTnv EAAG-
da. Xwpig va napayvwpilel Kaveig TNV TEXVN TWV HACTOpWV
TWV ABIVOV YEQUP®WV, TO GUYXPOVO KOMMATI TNG YIa MOA-
Aoug &ekivd pe TIG NOAU «TOAUNPEG» YEPUPEG MOU KATAOKEU-
aoctnkav eni enoxng Xapihaou TpikoUnn, oTo nAqiglo TNng
avanTtugng Tou 01dnpodpopikol JikTUoU. H AiBivn ToEwTn
vEépupa Mdavapn, n MeyaAUTepn KolAadoyEpupa Tou €idoug
NG otnv EAAGda, kai ol PETAAAIKEG YEQUPEG oTov ACWno
BolwTiag kal oTov MnpdAo, pe «avoiypa» 80 kal 120 peETpwv
avTigToixa, fTav €EaipeTikd deiypaTa TNG PNXAVIKNG EKEIVNG
TNG nepIodou. OI NEPICTOTEPEG OPWEG aANO TIG MEYAAEG YEQU-
PEG €KEIVNG TNG €MOXNG OEV HAKPONUEPEUOCAV: KATACTPAPN-
Kav kata Tov B’ Maykoouio MoAgpo. H kKaTaokeur HeyaAwv
YEQUPWV &ekiva kal ndAl To 1960-65, kal n nepiodog ekeivn
£XElI ME TN O€1pda TNG va enidei€el noAU a&IOAOYEG KATAOKEUEG,
onwg n yépupa Tatapvag (AIrwAoakapvaviag) kar ZepBiwv
(KoZavng).

H avenon, Opwe, TNG EAANVIKAG YEQUPOMOHAC EPXETAl WETA
To 1985, pe NpwTEPYATN TN VEd, UWnAn Yépupa XaAkidac.
MoAAG Kal KaAd €pya KATAOKEUAOTNKAV EKTOTE PE KOIVOTIKA
kovdUAIa atnv MAGE, otnv EyvaTtia 0306, aAAa kal péoa atnv
ABnva. To onuavTikoTeEpo and Ta ocuyxpova €pya eivai, di-
XWG ap@IBoAia, n yépupa Piou-AvTippiou, dxl TO0O AOyw TNG
KAipakag, aAAa Aoyw Twv SUOKOAI®V NMou KARBNKE va unep-
KepAoel. Q¢ anoTéAeoua NAEov €xel avanTtuxBei otn xwpa
Hag €EQIPETIKA PEYAAN MEAETNTIKA KAl KATAOKEUAGOTIKN EUMEI-
pia oxedov og OAa Ta €idn TwV YePUPWV. Mia guneipia xpn-
OIMN ORMEPA Yia TIC Mo EWOTPEPEIC and TIC EAANVIKEG Ka-
TAOKEUAOTIKEG KAl HEAETNTIKEG ETAIPIEG.

Me a@oppun TNV Npdo®aTn 0AOKANPWOoN TNG YEPUPAG TOAK®-
vag, n onoia avapéveralr va doBei oTnv KukAogopia Wéoa
oTov Iavoudpio, n «K» napoucidlel TEooEPIG ano TIG Mo on-
HavTIKEG oUYXPOVEG YEQUPEG, N KaBepia pe Ta dika TnG Eal-
PETIKA XaApakTnpioTIKA. Tn «yépupa Twv BpaBeiwv» Piou-
AvTippiou, TNV NpwTondpo uwnAn yepupa TnG XaAkidag, Tig
KAIVOTOUEG YEQUPEG MeToOBou oTnv EyvaTtia 030 kai Toa-
KWvag aTnv €0vikn 0d6 TpinoAng-KaAlapaTag.

PIO - ANTIPPIO
H 2n peyaAUTeEpn KAA®WJIWTH OTOV KOOHO

H yE€Qupa-oTaBbuocg €xel uAKog 2.883 PETpwV Eekivnoe va ka-
TaokeualeTal To 1997 kai Asiroupynoe oTi¢ 12 AuyouUcTou
2004, £xovTag kooTioel 630 £kaT. EUPW.

Méxpl npiv ano dUo Xpovia ATav n PeyaAUTepn KAAwdIWTA
YEQUPA NoAAanAwv avolypdTtwy oTov KOoWo (onuepa sivai n
2n). MNa Tn dnuioupyia Tng Xpnoiponoinénkav KalvoTOMES
MEAETEG kal péBodol kaTaokeung. H yeépupa Piou-AvTippiou
gival £&va nNpaypaTiko €NITEUYHA TNG MNXAVIKAG Kal €XEl OUY-
KEVTpWOEel NARB0G diEBvV B1aKPITEWV.

To €pyo énpene va unepkepacel Pia oeipd ano avunepBANTEG
MEXP! TOTE dUoKOAieG: To nAAToG Tou oTevoU eival 2,5 XIAIO-
METPa kal To BaBog Tou peydaio (65 peTpa). Ta €dden oTov
nuBuéva Tou KopivBiakoU eival xahapd, enopévwe n cuppa-
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Tk BspeAinon ATav aduvatn. EmnAgov, n nepioxn sival €&-
QIPETIKA OEIOHOYEVNCG.

H kaAwdiwTn YEPupa Piou-AvTippiou, pAkoug 2.883 WETPWY,
Eekivnoe va kartaokeualetal To 1997 kal Asitolpynos oTig 12
AuyouaTtou 2004, €xovTag kooTioel 630 ekaT. eupw. Kata-
okeudoTnke anod 101IWTIKA Kolvonpa&ia pye oupBaocn napaxw-
pNonG (MP@TN @opd yia yepupa oTn XWPa pag), Ye Baon tnv
onoia n eraipeia M'epupa A.E. Ba ouvTnpei, AeiToupyei kai €k-
MeTaAAeUETal TO £pY0 €WG 42 £TN.

Eival dUokoAo va €ENYNOEIC Ev oUVTOMIa TOV TPOMO Mou n YE-
(PpuUpa KatackeudaoTnke. MNa Tn oThipiEn TG eneAéyn n «apa-
0nc Bepedimon», dnAadn n BeATtioon Twv nNpwTwv 30 pe-
TPpWV TOU NuUBpEva Pe PETAAAIKA evBEUATA, OTA OMOIA «AKOU-
pnoUv» Ta BgpgAia, Xwpic va sival ouvdedepéva. H kaTaoke-
uf auTn emITpEnel oTn BepeANiwon va avaonkwBei eAaepad n
va oAIgBnoel kata Tn didpKela osiopoU.

'Eva AdANO OnuavTIKO XAPAKTNPIOTIKO TNG €ival TO OUVEXEG
KaAWdIWTO KATAOTPWHA, TO OMNoio €ival NARPWG avapTnHUEVO.
Me Tn BornBeia anooBeaThnpwVY OTOUC NUAWVEG KAl 0TA AKPO-
BaBpa, n vEpuUpa €xel ANOKTAOElI TNV ANAPAiTnTn €UKapyia
og nepinTwon osiopgoU. TauToxpova To KaTaoTpwua ouvdEée-
TAl JE TOUG MUAWVEG ME HId PETAAAIKR paBdo, n onoia To
oTaBepPOnoIEl EvavTl TWV AVEHWYV.

e MeAeTnTAG: GTM (Vinci)- SEEE- AOMH A.E.
e KataokeuaoTtng: Koivonpa&ia Megupa A.E.

XAAKIAA
NMpwTonopiakn yia Tn dekasTia Tou ‘80

H kaTaokeun TnNG véag yEpupag avapeoa otn =teped EANGSa
kal otnv EUBola ATav €va oToixnua. Ta oKTw Xpovia nou di-
npkeoe (1985-1993) xpeldoTnke va Yivouv €£EEIBIKEUHPEVEG
MEAETEG Kal €pyacTnplakeg OOKIPEG WOTE va KaAugpBolv Ta
npoBAnuaTa nou napoucidlouv €pya autoU Tou eidouc. H
nPWTN KAAWdIWTA YEQPUPA TNG XWPAC Hag £XEl CUVOAIKO WN-
KOG 694,5 pétpa, nAatog 14,10 peTpa Kal ol NUAMVEG TNG
@Bavouv og Uwog Ta 90 pETpa. AnoTeAeiTal and Tpia TuAua-
Ta: Tic dUo npooBdosic TG and EUBoia kal BoiwTia kar 1o
KEVTPIKO TUNHA PRAKOUG 395 WETpwWV, Mou €ival KAAwSIWTO.
To KaAwdIWTO TUAKA TNG YEPUPAG £xel 3 avoiyparta (90, 215
kal 90 pETpwv avTioToixa) kai 2 NUAWVEG UWoug 90 PETPWV.

Kata Tn d1apKeIa TNG KATAOKEUNG, oI BEPUOKPATieg Nou ava-
nTUOOOVTAV OTNV MEPIOXN £KAVAV TOUC MUAWVEG va <«YEp-
Vouv>», AOYw 31a0TOANG, NPOG TN OKIEPR TOUG MAgupd. ‘OTav
To npoBAnua AUBnke, pe Tn Bondeia noAU e€sAlyuevwy yia
TNV €noxn NAEKTPOVIK®WV UMOAOYIOT®V, &ekivnoe n kata-
OKEUM TOU KATAOTPWHATOC, MOU «KpEUETal» Ot 144 avapTth-
PEC, anoTeAoUNeEVOUC and NoAAd enipgépoug cuppaToayoiva.
To KaTAoTpWHA KATAOKEUAOTNKE PE BUO NMPowBoUPEVEG HE-
TaAIKEG NAATQOpHeS. IdiaiTepn duokoAia napouciace To
«@iAnua» (n évwon) Twv dU0 NAEUPW®V TOU KATACTPWHATOG,
Kabwg AOYw OUCTOANG/JIACTOAAG HETAKIVOUVTAV KATa 5 eka-
TOOTA and To Npwi £WE TO ANOyeUpa. XPeIAoTNKE va TonoBe-
TnOei €131KOC vapOnKag, woTe va okupodeTnBei To TeheuTaio,
Jeoaio koppaT (kAsida).
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Movadiké MaykKoouiwg €ival To naxog Tou o0d00TPWHATOG,
MOAIC 45 ekaTooTd, nou Jivel aoTn yEPUPA agpivn gPgaviaon.
H yvepupa eykaividornke oTic 9 Iouliou 1993 kar kOaTIOE
OUVOAIKA 3,25 di0. dpaxuég (9,5 ekaTt. eupw). SNMUEI®VETAI
OTI €MBswpnBNKe Kal ouvTNPABNKE via npwTtn gopd To
2011-2012 kail, 6nw¢ anodeixbnke, NTav oc €EQIPETIKNA KATA-
oTaacn, Napa Tov KUKAOQOPIAKO POPTO Kal TOUG OEIoHOUC.

e MeAeTnTng: AOMH A.E.
e KataokeuaoTng: EAAnVIKA Texvodouikr AE-TEB A.E.

METZOBO
150 pérpa navw anod 1o £3agpog

H «npoBoAodounon», dnAadn n KATAOKEUN TNG YEQPUPAG
CUMMETPIKA YUpw anod Ta Badpa Tng (unepanAoucTeupéva, n
YEQUPA KaTAdokeudleTal ekateépwBev kaABe koAdvag, oav
«UNaAKOVI» MOU EMEKTEIVETAI WOMOU va ouvavtioesl To Oi-
nAavo Tou), ival iowg n nio dUokoAn kal danavnpr HEBodog
kataokeung. Eival opwg anapaitntn Otav npenel va yeQu-
pwBoUv anoTopeg kal Babieg xapadpeg. =Tnv EyvaTtia 0380
43 YEQUPEG €ival KATAOKEUAOWEVEG JE auTAV TN HEBODO, aA-
AG avapeod Toug Eexwpilel n yEQupa Tou MeTooBou, nou
«YEQUPWVEI» TO Ppapdyyl NeETaEU MeTaoBou kal AvnAiou.

H 181aITepdTNTA TNG £YKeITal oTnV KAigaka: H yépupa, ouvo-
AkoU pnkoug 536 petpwv, @Bavel ora 150 peTpa navw ano
To £dagog. Q¢ anoTéAeoua, OAa €MPEnE va yivouv O MOAU
Heyalo Uwog. EnmAgov, Tn PEAETN KAl TNV KATAOKEUR TNG
duoxEpalvav Kal ol €EAIPETIKA 10XUPOI AVEWOI, MOU UMOPEi va
@Bdoouv Ta 100 xAu/wpa, Aoyw Tng Babiag xapadpag.

Ta npoPAnparta &nepdoTnkav Pe Tn BeATIWON TwV HEBOdWV
kataokeung. Ma napdadeiyuya, xpnoigonoindnkav onAiouoi
(HeTaAAIkoi paBdol YeEoa oTo OKUPOJENA) PEYAAOU MRAKOUG,
0l OMoiol aNoKaTéOTNOAV TN CUVEXEIA TNG YEPUPAG OE PEYA-
Aa pnkn (avapeoa oTig KOAOVEG), To MeEyaAUTEPO TWV onoiwv
@Bdavel Ta 235 peTpa, £va ano Ta PeyaAlTepa «avoiyuaTtas
yla auToU Tou TUMoU TIG YEPUPEG. EIDIKEC OUVBEDEIG OKUpPO-
depdTtwy €kavav duvath Tnv avtAnon yia okupodETnon oc
peyaia Uwn kal pnkn. H emTuxng eniBAewn kar n akpipng
TOMoypaQIKA napakoAouBnaon TNG KAaTaokeung odrynos oxe-
OOV 0g andAUTa €MITUXN £QAPHOYN TWV WEAETWV, aKOMn Kal
oTav ol duokoAisg ATav npwToPaveic (yia napddsiypa, otnv
KATAoKeUn Tou WeyaAUTepou Babpou, Uwoug 110 PETpWY,
npoBAenoTav andkAion and TNV KAaTakopuPo £wg 26 £kaTo-
0Td kal TNV Npagn nTav PoAig 1-2 ekat.). H yépupa &ekivn-
og va kartaokeualeral To 2005, napadodnke otV KUKAOPO-
pia oTig 8 Anpihiou 2009 kai KOOTIOE OUVOAIKA nepinou 50
£KAT. EUPW.

e MeAeTnTAG: AOMH A.E.
e KataokeuaoTtng: AKTQP

TZAKQNA
H... To§wTn npokAnon tng NeAonovvioou

H vedTepn anod TIG YEPUpPEG eival €Toiun va napadobei oTnv
KukAogopia péoa otov Iavoudplo. XpeIAoTNKE va NEPACOUV
9,5 xpovia PEXP! va PEAETNOEI KAl va KATAOKEUAOTEl, yia &-
vav Baciko AOYo: €npene va YEQUPWOEl KA EKTETAMEVN ne-
ploxn nou kaToAioBnoe To 2003, oTnpIlduevn o€ NoAU cabpad
£daon.

H ToEwTr YEPupa Toakwvag £Xel CUVOAIKO PNAKOG 390 WETPa
Kal péyioto eAelBepo avolypa 300 peTpa, To deUTEPO peya-
AUTepo oTnv EANGDOa peTa Tn YE@upa Piou-AvTippiou.

AnoTteAgital and dUo TUANATA: TO NPWTO, PMAKOUG 90 PETPWV
(oTnv nAgupda Tng TpinoAng), €xel oxediaaTei oav «oupBari-
KfA» yEpupa. 1o deUTeEPO, pAKoug 300 PETPWY, O dPONOG a-
vapTaral anod duo ToEa anod xdAuBa (Uyoug 36 PETPWV), Ta
onoia We Tn ogIpd Toug atnpilovTtal os dUo BaBpa (KOAOVECQ).
H BepeAliwon Tou KevTpikoU peocoBabpou TnG yEQUPAG, mnou
PEPEl TO HEYAAUTEPO WEPOG TOU BApoug TNG, €ival evTunwol-
akn, kabwg npayparonolgital pye 4 gpeata (nnyadia) diape-
Tpou 6 PETPWY, nou ¢pBavouv o Babog 15 YETpwyv Kal Ta o-
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noia KataArfyouv os £vav ylyavTiaio kKepaAodeopo diaoTa-
ocwV 31X23 pETpwv (oav KeQAAl kap®iou).

H kaTaokeun kal TonoBETNON TwV TOEWV TNG YEPUPAG UMM P-
Ec TEXVOAOYIKN MPOKANGCN, AOYw TOU HEYAAOU MAXOUC Kdal
Bapoug Twv XaAuBdo@UAAwvV. Ta TO6Ea anogaciobnke va ka-
TaokeuaoBoUv OTO €PYOOTACIO 0t OWOEKAUETPA KOMMATIA.
KaTtoniv JeTapEpdnkav oTo €pyoTa&io, avuypwbnkav Pe ypu-
Aoug kal ouppaTtdoyoiva (Pe Tn HéBodo heavy lifting) kar «a-
Koupunnoav» nNpoowpiva navw oe 7 Zelyn XaAupdivwv nup-
YWV UYoug HEXP! kal 60 WETpwV. ApoU npocapuocdnkav
oTnVv akpifr Toug B€an, ouykoAAnRGnkav PeTa&l Toug WaOTE
va dIaPopPWOoUV To gvidio TOED. AOYw Tou peyailou UWoug,
avanTuxenkav eidIKEC 51adIKaoieG OUYKOAANCEWV Kdal €AEy-
XwV. O 0UVOAIKOG NPOoUNOAOYICHOG KATAOKEUNG TNG YEPUPAG
avépyeTal og 22,8 €KAT. EUPW.

e MeAeTnTnG: AOMH A.E.- EAA®OZ A.E.- SYSTAS A.E.
e KataokeuaoTng: TEPNA A.E.

(NMwpyog AidAiog / H KAOHMEPINH, 03.01.2016,
http://www.kathimerini.gr/844374/article/epikairothta/ellad
a/tesseris-gefyres---shmeia-anaforas-gia-to-mellon)

O3 D

Impressive Video Modes of a Suspension Bridge

https://www.youtube.com/watch?v=dxoB5dYZg Y

Golden Gate Bridge Dynamics / Science in the City / Explo-
ratorium

Admit it: Hasn't the Godzilla inside you always wanted to
grab the Golden Gate Bridge and shake it silly? Finally, you
can. In honor of the iconic span's 75" birthday, Explorato-
rium exhibit developer Dave Fleming presents a dynamic
model of the...
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KukAho@opnoe 1o Teuxog #130 Tou Newsletter Tou Geo-
engineer.org (Iavouapiou 2016) pe NOAAEG XPrOIMEG NAN-
poQOpieg yia OAa Ta B£uaTa TNG YEWHNXAVIKAG. YnevOuuile-
Tail 0T To Newsletter ek3ideTal and Tov guvadeA®o kai PEAOG
Tng EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

International Journal of Geoengineering Case
Histories

Vol. 3, Issue 2
http:/ /casehistories.geoengineer.org/volum

e/volume3/issue2/issue2.html

Bengt H. Fellenius “Discussion of: Ground Improvement
Using Preloading with Prefabricated Vertical Drains”, IJGCH
3.2.1, pp. 67-72.

Jehan Zeb, Tahir M. Hayat, Aziz Akbar, M. Azam “Mangla
Dam Raising: Effectiveness of Seepage Reduction Measures
for Sukian Dyke”, IJGCH 3.2.2, pp. 73-84.

Ashok K. Chugh, D.V. Griffiths “Stability Analyses of the
1981 San Luis Dam Slide”, IJGCH 3.2.3, pp. 85-112.

Rama Mohan Pokhrel, Takashi Kiyota, Reiko Kuwano, Gab-
riele Chiaro, Toshihiko Katagiri, Itsuro Arai “Preliminary
Field Assessment of Sinkhole Damage in, Pokhara, Nepal”,
IJGCH 3.2.4, pp. 113-125.
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