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APOPA

Mapouciaon apBpwv, oTNV CUYYPAPN TWV OMNOIiWV HETEIXAV
'EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kaT’ aA@apnTikf osipd, oTa €AANVIKA, TOU ovOpaTog
TOU NPWTOU ouyypa®ea).

Nonlinear analyses of soil amplification in the
MIMAS, 2003 Tokachi-Oki earthquake

Analyse Non Linéaire des I’ Amplification des Sols
pendant le Tremblement de Terre de Tokachi-Oki
(MJMAS, 2003)

E. Garini, G. Tsinidis, E. Riga, S. Karapetrou,
A. Karatzetzou, S. Fotopoulou, G. Gazetas and K. Pitil-
akis

ABSTRACT Earthquake case histories of soil response over
the last 70 years reveal the strongly non-linear hysteretic
behaviour of soils. Over the years, numerous efforts have
been made to represent more realistically soil response in
the strongly nonlinear range. The paper studies three par-
ticular sites in the Hokkaido island during the MJMA8.0, 26
September 2003 Tochachi-Oki earthquake. Borehole accel-
erometers installed on the surface and the “bedrock” of
these sites, provided a complete set of data. We subjected
the profiles to the acceleration time histories recorded at
their base. Numerical simulations are performed using re-
search and commercially available codes: NL-DYAS,
DEEPSOIL, ABAQUS, OPENSEES, incorporating several con-
stitutive models. Numerical results for acceleration time
histories and response spectra are systematically compared
with those of the recorded motion.

RESUME Le comportment sismique des sols au cours des
séismes et des observations faites les 70 derniéres années,
réleve limportance de son comportement non linéaire et
hystérétique. Au fil des années, de nombreux efforts ont été
déployés pour représenter de facon réaliste la réponse du
sol dans des conditions fortement non linéaires. Dans ce

cadre le travail présenté ci-joint exploit la modélisation non
linéaire de quatre sites particuliers dans I'ile de Hokkaido au
Japon pendant le tremblement de terre de Tochachi-Oki
(MIMA8.0, 26 Septembre 2003). .Le choix des ces sites est
faite a cause des donnes accelerometriques de bonnes qual-
ité, disponibles aussi bien en surface et en profondeur sur le
substratum rocheux. Des simulations numériques de la ré-
ponse des sols sont effectués avec des enregistrements
reels au bedrock, utilisant les codes NL-DYAS, DEEPSOIL,
ABAQUS et OPENSEES, qui intégrent plusieurs types des
modeles constitutifs. Les resultants acquis sont compares
avec les enregistrements réels en surface ainsi que entre
eux. Le but de cette étude comparative est I'analyse de
I'efficacité des ces codes de calcul de la réponse des sols en
régime linéaire et non linéaire.

1 INTRODUCTION-SCOPE OF STUDY

The influence of local soil conditions on the intensity and
frequency content of earthquake ground motions has been
extensively studied over the years. A particular surface re-
cording reflects to some degree the characteristics of the
near-surface soil layers at the recording site. Numerous
vertical seismic arrays that have recorded strong earth-
quake shaking are quite helpful in resolving past controver-
sies regarding the importance of local soil conditions and
the analytical methods to determine surface soil response.

The objective of this study is to present an evaluation of 1-
D soil-amplification theories in light of recorded motions at
three sites on the Hokkaido Island during the 2003 Tokachi-
Oki earthquake in Japan.

2 THE M;ua8.0 TOKATCHI-OKI EARTHQUAKE: GROUND MO-
TION RECORDS AND SOIL PROFILES

A severe earthquake struck Hokkaido, Japan, on September
26, 2003. The epicenter was about 80 km east-southeast of
Erimo Cape, offshore of Tokachi (Figure 1). The depth of its
hypocenter was about 40 km, and its magnitude 8.0 in the
JMA-scale. The main event was followed by a M 7.1 earth-
quake, and the affected area was 400 km long along the
coast of Hokkaido Island. Despite the large magnitude and
high PGA levels, the observed ground failure, liquefaction,
and structural, port, and lifeline damage were remarkably
small because the location was offshore. The earthquake
was the third magnitude 8.0+ to strike the southeastern
portion of Hokkaido in the last 50 years.
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Figure 1. General map of Japan and the Hokkaido region, showing the epicenter of the earthquake and the three particular re-
cording stations addressed in this paper.
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The 2003 Tokachi-Oki M8.0 event was a megathrust earth-
quake resulting from segmented rupture of the Pacific plate
beneath the Hokkaido-Tohoku, and more significantly it was
the first large interpolate earthquake to be recorded by the
nationwide strong motion networks, K-NET and Kik-Net. A
large number of strong-motion, high sensitivity, and broad-
band accelerographs has been installed in a dense and fairly
uniform network covering the whole Japan. The network of
stations with an uphole/downhole pair of strong-motion
seismographs is called KiK-Net, while a supplementary net-
work consisting of 1034 strongmotion seismographs in-
stalled at the ground surface (K-Net).

Three of the recording sites in the island of Hokkaido that
have provided pairs of records with relative large accelera-
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tion at the base “rock” and the surface are analysed here.
They are denoted as TKCH 070, TKCH 080, TKCH 11 sta-
tions. Figure 1 shows their location while Figures 2-4 pre-
sent the S-wave velocity profiles and the recorded accelero-
grams on the surface and at 100 m depth. Even before any
analysis, the much greater accelerations on the surface are
evidence of strong soil effects.

3 SOIL AMPLIFICATION RESPONSE

Inelastic one-dimensional wave-propagation analysis was
performed for each of the aforementioned three profiles.
The assumptions of one-dimensional analysis are that all
soil layers are horizontal and that the response of a soil
deposit is predominantly caused by S-waves propagating

0.38¢g

0.145¢g

Figure 2. Soil profile at station TKCH 070. The distribution of V, (nv/s) with depth and the surface and bedrock recordings are also present-

ed.
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Figure 3. Soil profile at station TKCH 080. The distribution of V (nv/s) with depth and the surface and bedrock recordings are also present-

ed.
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Figure 4. Soil profile at station TKCH 11. The distribution of V, (m/s) with depth and the surface and bedrock recordings are also presented.
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vertically from the underlying bedrock. Therefore, the soil
and bedrock surface are assumed to extend infinitely in the
horizontal direction.

Direct numerical integration in time domain is employed to
analyse the nonlinear soil response. By integrating the
equation of motion in small time steps, any stress-strain
(constitutive) model can be used. Several researchers have
proposed nonlinear hysteretic models of the soil behavior,
and a number of techniques are available to integrate the
equations of motion.

In our analyses, four different commercial and research
numerical codes are employed, namely: ABAQUS (ABAQUS,
2012), OPENSEES (Mazzoni et al., 2009), DEEPSOIL (Ha-
shash and Park 2001, 2002; Park and Hashash 2004) and
NL-DYAS (Gerolymos and Gazetas, 2005, Drosos et al.,
2012). ABAQUS and OPENSEES are generic finite element
codes, while DEEPSOIL and NL-DYAS are specialised soil re-
sponse analysis programs. All codes will be examined for
the simplest case of 1D shaking, even if some of these
codes (e.g. OPENSEES, ABAQUS) are capable of performing
multi-dimensional earthquake loading ground response
analyses.

NL-DYAS uses the smooth hysteresis model originally pro-
posed by Bouc 1971 and Wen 1976, which was later ex-
tended by Gerolymos and Gazetas (2005) and Drosos et al.
(2012).

A kinematic hardening model combined with a Von-Mises
failure criterion and an associated plastic flow rule is used to
model soil non-linear response under ground shaking in
ABAQUS (Anastasopoulos et al., 2011). The analyses are

performed with an implicit algorithm scheme, using full
Rayleigh viscous damping formulation and Masing rules for
unloading/reloading hysteresis.

Full Rayleigh viscous damping as well as Masing criteria, are
also used in OPENSEES. Moreover, a multi-yield surface
plasticity model with an associative flow rule is employed as
described in Ragheb, 1994, Parra, 1996, Yang, 2000.

In DEEPSOIL the embedded MRDF pressuredependent hy-
perbolic model with non-Masing criteria is employed.
DEEPSOIL provides a frequency independent damping for-
mulation, as well as three types of Rayleigh damping (sim-
plified, full and extended, with one, two and four modes
needed to define viscous damping, respectively). The rec-
ommended frequency independent damping formulation
was used for the analyses.

Only a summary of our results is presented below, aimed at
showing the capabilities and limitations of the available in
the profession numerical tools.

3.1 Inelastic Analyses

Figure 5 portrays the computed and recorded acceleration
time histories at the surface of TKCH 080 station. The actu-
al accelerogram recorded in the “rock” base at -100 m was
the excitation in the analyses. Although it is difficult to dis-
cern in these figures, it appears that NL-DYAS and
DEEPSOIL result in similar acceleration amplitudes, while
ABAQUS and OPENSEES result in somewhat smaller ampli-
tudes. This implies that the hysteretic damping is overpre-
dicted by the soil models in ABAQUS and OPENSEES. How-
ever, all four codes result in similar response in terms of
frequency content.
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Figure 5. Acceleration time histories at the surface of station TKCH 080. The blue line is for the non-linear numerical analysis;
the red for the record. Results by: (a) NL-DYAS, (b) ABAQUS, (c) DEEPSOIL, and (d) OPENSEES codes.
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Figures 6, 7, and 8 compare recorded and computed inelas-
tic response acceleration spectra for the TKCH 080, 11 and
070 respectively. In all these figures, the solid red line is
the spectrum of the recorded motion, while all the other
lines respond to the inelastic analyses spectra given by the
four different codes. The following conclusions are drawn:

(@) All four numerical simulations lead to similar spectra.

(b) The best agreement between computed and recorded
spectrum are for the station TKCH 080 (Figure 6).
DEEPSOIL and NL-DYAS give the best agreement. Note
that, TKCH 080 soil profile is one of the simplest, consisting
of 78 m of gravel lying on very stiff sandstone (Vs = 2800
m/s). The recorded motion (-100 m) was imposed directly

0.

5

under the pebbles assuming that it should have not been
modified by the sandstone.

(c) The computed spectra for TKCH 11 station, presented in
Figure 7, are in a reasonably good, but hardly excellent,
agreement with the target spectrum. Specifically, the com-
puted spectra underestimate real response at the period
ranges of [0.2 s, 0.3 s] and [0.6 s, 0.9 s].

(d) Record and analyses do not match at all in the case of
TKCH 070 station (Figure 8). None of the models computes
the high spectral accelerations between 0.6 and 1.6 seconds
(which exceeds 1 g). The causes of this poor comparison
have not yet been identified. Our suspicion: inappropriate
soil profile.
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Figure 6. Comparison of response spectra in natural (left) and logarithmic (right) scales for station TKCH 080.
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Figure 7. Comparison of response spectra in natural (left) and logarithmic (right) scales for station TKCH 11.
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Figure 8. Comparison of response spectra in natural (left) and logarithmic (right) scales for station TKCH 070.
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4 COMPARISONS AND CONCLUSION

The paper studied the fully non-linear response of three real
soil profiles located in the Hokkaido island. The numerical
simulations were performed with NLDYAS, DEEPSOIL,
OPENSEES and ABAQUS codes. Results are presented in
terms of acceleration time histories and their response
spectra. For the TKCH 080 and TKCH 11 stations analyses,
all four codes predict quite similar responses successfully
approximating the actual recorded response at the ground
surface. Mismatch problems were detected only for the case
of the TKCH 070 profile. The reason could be attributed to
inaccurate soil Vs profile, demonstrating the practical diffi-
culties in making real-life design predictions of ground
shaking.
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The use of slope stabilising piles and soil nail-
ing to stabilise part of a large landslide complex
at Lyme Regis, UK

Utilisation de pieux et sol cloué pour stabiliser une
partie d’'un grand complexe d’éboulement a Lyme
Regis, R-U

D. G. Daskalopoulos

ABSTRACT The historic town of Lyme Regis lies on the Ju-
rassic coast of southern England, a World Heritage Site.
Part of the town and the coastal land immediately to its east
lie within a major landslide complex with a long history of
movement. The latest phase of stabilizing works includes a
new seawall, an anchored pile retaining wall, slope stabilis-
ing piles, soil nailing, and drainage measures such as trench
drains and sub-horizontal drilled drains. The scope of works
area is subject to severe constraints related to its natural
beauty, tourist trade and the World Heritage status. It is
recognised that complete stabilisation of the landslide com-
plex is not practicable, especially within these constraints
and the works were aimed at preventing the extension of
the landslide into the residential area of Lyme Regis. This
paper outlines the geological setting of the site including the
stratigraphy, groundwater conditions and landslide failure
mechanisms along with the ground models and failure mod-
els developed from previous and specific ground investiga-
tions and published work. It goes on to describe the design
of the slope stabilising piles and soil nailing and the way in
which they work together to stabilise various identified and
potential failures affecting the area known locally as the
East Cliff. The paper describes the design details required to
accommodate the constraints and some of the issues that
affect construction on coastal cliffs within an active landslide
complex.

RESUME La ville historique de Lyme Regis se trouve sur la
cOte jurassique au sud de I'Angleterre, site de patrimoine
mondial. Une partie de la ville ainsi que la cote située a I'est
de la ville se trouvent au-dessus d'un important éboulement
avec une longue histoire de mouvement. La derniére phase
des travaux stabilisants inclut une nouvelle digue, un mur
de souténement en pieux ancrés, des pieux pour la stabili-
sation du versant, du clouage de sol, et des tranchées drai-
nantes et drains forés subhorizontaux. La portée de la zone
de manoeuvre est sujette a des contraintes trés strictes
liées a la beauté naturelle de la région, le commerce touris-
tique et au statut de patrimoine mondial. Il est bien recon-
nu q'une complete stabilisation de I’éboulement n'est pas
faisable, particulierement lorsqu’on tient compte des con-
traintes imposées, et les travaux visaient principalement a
empécher l'extension de I'éboulement vers la zone rési-
dentielle de Lyme Regis. Cet article décrit le contexte géo-
logique du site comprenant la stratigraphie, le régime des
nappes souterraines, et les mécanismes d'échec d'éboule-
ment avec des lois de comportement du sol et des modéles
d'échec développés a partir d’ études géotechniques précé-
dentes spécifiques au site et a partir de bibliographie pu-
bliées. L'article introduit egalement la conception de pieux
stabilisant la pente et le clouage du sol, ainsi que la manie-
re dont ils fonctionnent ensemble pour stabiliser divers
échecs identifiés et potentiels affectant le secteur connu
localement comme la Falaise Est. Enfin, I'article décrit les
détails de conception requis pour s’adapter aux contraintes
et a certains elements qui affectent la construction sur les
falaises cotieres dans le cadre d'un éboulement actif.

1 INTRODUCTION

As part of the Lyme Regis Environmental Improvements
Phase IV, the stability of a section of the foreshore, known
as East Cliff, was improved by utilizing a combination of
slope stabilising (dowel) piles and soil nails.

Due to restrictions on plant weight and working space, a
single stabilisation measure could not be adopted. The rela-
tively low maximum plant weight considered safe to operate
on the foreshore slopes (4 tonnes) resulted in a maximum
pile diameter of 370mm which could not provide the full
additional shear resistance required. Likewise, due to the
presence of trees and the tight site boundary, soil nailing
was also not adequate on its own.

The remedial measures were designed to minimize the risk
of landslides progressing inland and to reduce the risk of
associated damage to the new seawall. The failure modes
addressed included shallow failures within the superficial
deposits, identified translational failures and poten-
tial/conjectural deeper-seated failures.

The majority of identified failures occur on established lime-
stone marker beds. Both dowel piles and soil nails act pas-
sively and will generate additional resistance to prevent
failure should movement of the slope occur. Appropriate
construction methods were utilised so as not to compromise
any existing or proposed structures or drainage.

2 GEOLOGICAL SETTING

Due to its high scientific interest, the geology in the area of
Lyme Regis is well established. The following strata are
found in the area.

e Disturbed Lias / Active Slip Mass

e The Shales with Beef member in the lower part of the
Charmouth Mudstone formation

e The Blue Lias formation

The Disturbed Lias has been subject to periglacial and/or
landslide disturbance and extends from ground level to
within 2m of the Table Ledge marker bed.

The Shales with Beef formation consists of thinly interbed-
ded and organic rich mudstone with a few thin beds of lime-
stone. In the area under consideration these marker beds,
from higher to lower level, are:

e Table Ledge
e Fish Bed
e Grey Ledge (marks the top of the Blue Lias)

The Blue Lias formation comprises medium strong to very
strong, thinly interbedded, grey to dark grey limestones,
calcareous mudstones and siltstones with individual beds
being up to 0.3m thick. No slope stability related failures
have been recorded in the Blues Lias. This formation was,
therefore, assumed to be stable.

3 FAILURE MECHANISM

The predominant failure mechanism at this area of Lyme
Regis is compound translational failures with rotational
movement in the area of the backscarp. Wholly circular
failures can only occur as shallow slips which are not con-
trolled by the presence of limestone bands. The translation-
al movements are lithologically controlled by limestone beds
that form identified marker horizons such as Table Ledge
and Fish Bed.

The slope at the Cedar Cottage area of East Cliff (Figure 1),
which will be the focus of this paper, has a maximum height
of approximately 22m. The upper part of the slope has a
gradient of about 10° and the lower slope down to the sea
wall is slightly steeper. Local failure mechanisms consist of
shallow translational slips directly above the Table Ledge
marker horizon and shallow failures on the steeper lower
coastal slope below the Table Ledge.

The presence of groundwater is of great importance to slope
stability and the design of stabilizing measures as a conse-
quence. Available groundwater monitoring data confirmed
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that the Table Ledge and Grey Ledge marker beds under-
drain the formations above thus resulting in two perched
groundwater surfaces.

Figure 1. Cedar Cottage Slope Location

The geology in the area of concern is illustrated in Figure 2
along with the identified shear surface to be stabilised.
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Figure 2. Geology, design groundwater conditions & stabi-
lising measures.
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4 DESIGN OF STABILISATION MEASURES

The following steps were followed for the design of the sta-
bilisation measures.

e Setting up a ground model in the slope stability software
Slope/W 2012 by GEO-SLOPE in order to determine the
optimum soil nailing design.

e Establish the additional shear resistance to be provided by
the dowel piles in order to achieve the target Factor of
Safety.

e Determine the characteristics of the dowel piles using the
method proposed by Viggiani (1981).

4.1 Geotechnical Design Parameters

Table 1 shows the characteristic material properties used in
slope stability analysis.

4.2 Soil Nailing Design

The design of the soil nailing was undertaken in accordance
with BS 8006-1:2011 while the design bond stresses for the
grout-ground interface, presented in Table 2, were based on
a series of sacrificial tests carried out in accordance with the
requirements of BS 8006-1:2011 and BS EN 14490:2010.

Table 1. Geotechnical Design Parameters.

Residual
Bullk Peak Parameters Parameters
Formation Unit
Weight o o o o
(kN/m?) ' '
) (kPa) ) (kPa)
Disturbed
Lias /
Active 19/18.8 20 0 11.5 0
Slip Mass
Shales
with Beef 19 25 5 11.5 0
Blue Lias 20 25 12.5 - -
Table 2. Design Bond Stresses.
Design Bond
Characteristic Stress Residual
Formation | Bond Stress (Ta) Parameters
(Tv) (kPa)
(kPa)
DA1C1 DA1C2
Disturbed
Lias /
Active 55 32 24
Slip Mass
Shales
with Beef 68 40 30
Blue Lias 100 59 44

A staggered soil nailing grid of 2:1 (h:v), as indicated in
Figure 2, was utilised to stabilise the conjectured circular
failures near the face of the slope. Owing to the greater
than average horizontal soil nail spacing, the maximum
forces arriving at the facing were determined to be in ex-
cess of 100kN. This required the design of a custom head
plate and the specification of an appropriate facing mesh in
order to achieve an adequate FoS against punching failure.

Slope stability calculations were undertaken with the use of
Slope/W utilising the Morgenstern-Price method of analysis.

Due to previous movement and the effects of weathering,
the presence of the limestone marker beds is not consistent
close to the face of the slope thus introducing the risk of
circular failures occurring. Soil nailing was utilised to im-
prove the FoS of such failures.

The soil nailing was also designed to improve the stability of
the identified shallow failure above Table Ledge. As previ-
ously mentioned, the soil nailing on its own was not able to
provide the full resistance required to stabilise this slip.

The stability of deep conjectured failure surfaces was also
investigated but the FoS were found to be satisfactory.

4.3 Stability Deficit Determination

For the shallow identified design failure surface above Table
Ledge, the acting and resisting shear forces were extracted
from Slope/W and the stability deficit was determined. The
term “stability deficit” is used to indicate the additional
shear resistance to be provided by the dowel piles at the
slip surface in order to raise the FoS of the slope to the tar-
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get values. The findings of the process described above are
presented in Table 3.

Table 3. Stability Deficit.

Depth of Acting Resisting Target Stability
Analysis | Groundwater Force Force F(r)gs Deficit
(m bgl) (kN/m) (kN/m) (kN/m)
ULS
DALC1 1.0 244.27 232.6 1.35 97
ULS
DA1C2 1.0 262.59 177.03 1.00 86
SLS 1 0.0 192.83 175.75 1.10 36
SLS 2 1.0 191.66 | 240.02 1.30 9

4.4 Dowel Pile Design

The dowel piles were designed according to the require-
ments of BS EN 1997-1:2004 to enhance the stability of the
identified shallow slip above Table Ledge. Poulos (1973,
1999), Viggiani (1981), Chmoulian (2004) and Carder
(2005, 2009) were used in preparation of this design. Un-
like continuous retaining structures, the dowel pile-soil sys-
tem is reliant upon the ability of the soils to arch between
adjacent piles so that the full disturbing force is transmitted
to the piles.

The dowel piles were designed using the Viggiani (1981)
method, which assumes two-layer cohesive soils with dif-
ferent properties above and below the slip surface. The soils
can be assumed to be divided into an unstable upper mass
and a stable lower mass, separated by an intermediate
“drag zone”, simplified as the slip surface. The manner In
which pile and soil interact determines the magnitude of the
shear resistance that can be developed at the slip surface.

It is important to note that dowel piles are different from
laterally loaded piles which are required to carry specific
applied loads at specific FoS and are often designed using
the methods of Broms (1964). Loads are not applied direct-
ly to dowel piles. Instead, shear forces and bending mo-
ments develop only in response to external displacements.

Dowel piles provide passive reinforcement to the slope. If
no movement occurs between unstable and stable soil mas-
ses, the piles will not experience any lateral loading after
installation.

The additional stabilising force is thus a strain-controlled
problem and this has important implications for the design
process and assumed mode of failure of the system.

Viggiani’'s method considers only the failure state without
providing any indication of the development of shear force
with ground movement. Undrained shear strength of the
unstable and stable soil zones are assumed constant with
depth.

Six possible failure modes are considered, three in which
the pile remains rigid and three in which the pile itself yields
to form a plastic hinge in the pile shaft above or below the
slip surface, or both. The most critical failure mode depends
upon the following:

e M, - Yield moment of the pile

e C;, C; - Undrained shear strength of the soil above and
below the slip surface respectively

e L;, L, - Length of the pile above and below the slip surface
respectively

e ki, ky - Bearing capacity factor of the soil above and below
the slip surface respectively

The output from the Viggiani analysis consists of the ulti-
mate shear force per metre run at the slip surface and the
maximum bending moment per metre run in the pile above
and below the slip surface.

Viggiani’s equations relate strictly to the behavior of a sin-
gle isolated pile. Extrapolating the results to a row of piles
carries the assumption that the installed piles are wide
enough apart that they do not interact in a manner that
reduces the additional shear resistance that each pile is
capable of providing.

Carder (2005) has indicated that a pile spacing of about 5
diameters is sufficient to minimise interaction between ad-
jacent piles but has warned of differential movement be-
tween piles and ground at a spacing greater than 3 diame-
ters. The ideal spacing should therefore be between 3 and 5
diameters, although this is likely to vary with the nature of
the soils and the scale of the problem. At a spacing of less
than 3 diameters, interaction between adjacent piles will be
significant and the calculated resistance should be reduced
accordingly.

Viggiani (1981) advised that the “most likely” values of the
bearing capacity factors k; and k, for isolated piles were 4
and 8, respectively. However, these values should be re-
duced for a pile spacing of less than 3 diameters.

The method provides no information on the development of
shear force with displacement. Poulos (1999) has indicated
that movements as much as 0.6 times the pile diameter
may be needed to develop the full ultimate resistance (T.).
However, 80% of this resistance may be developed at only
0.2 times pile diameter.

Where displacement is likely to lead to a decrease in the
mobilised effective shear strength of the soils on the slip
surface, a factor of at least 1.5 is normally applied to the
ultimate shear resistance calculated using the Viggiani me-
thod. For this design, no reduction factor was applied as the
soils in the failure zone are already presumed to be at their
residual shear strength.

A c; of 60kPa and a c; of 100kPa were determined as the
characteristic undrained shear strengths above and below
the slip surface. Bearing capacity factors of k; = 4 for the
unstable soil and k, = 8 for the stable soil were adopted for
design. Finally, an L; value of 2.8m was used to take into
account the fact that the top 600mm from the ground sur-
face would have to be reinstated.

A 370mm diameter concrete pile, reinforced with a Circular
Hollow Section with an external diameter of 219.1mm and a
wall thickness of 12.5mm was selected for use in order for
installation to be achievable with the use of lightweight pil-
ing plant.

The Viggiani analysis provided the length of pile below the
slip surface (L;) to mobilise the full capacity of the pile in
terms of bending moment and the required pile spacing in
order to achieve the target FoS. The results for all design
cases are presented in Table 4.

Based on these results, a spacing of 1.5m was adopted. It
was also decided that the piles would be installed in two
rows, in a staggered pattern. The spacing of the two rows
would be 2.0m and the spacing of the piles in each row
would be 3.0m. The reason for this configuration was to
avoid overstressing the ground where the ‘cones’ of soil
resistance of the individual piles interacted while keeping
the two rows close enough to act as a single row of piles.
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Table 4. Summary of Results of Viggiani Analysis.

L Shear Required

Analysis (ni) Resistance Spacing
(kN/m) (m)
ULS DA1C1 5.2 168.4 1.73
ULS DA1C2 5.2 130.5 1.53
SLS 1 5.2 168.4 4.63
SLS 2 5.2 168.4 18.43

PROPOSED DONEL PILES SPACED AT 3.0m
(STAGGERED). 2.0m SPACNG BETWEEN
FRONT AND BACK DOWEL PILE ROKS.

»
l

Figure 3. Plan View of the Stabilised Area.

4.5 Interaction of slope stabilisation measures

Although soil nails are a passive stabilisation measure, they
require very little movement to mobilize their full re-
sistance. In order for the combined stabilization measures
to function as intended, it was necessary to provide a flexi-
ble soil nail facing system of suitable tensile strength which
would be capable of deforming enough to allow the dowel
piles to develop their full design resistance.

The method specified in BS 8006-2:2011 for the design of
flexible facings was followed to determine the appropriate
strength and stiffness characteristics required in order to
avoid strain incompatibility derived complications. The use
of Tecco G65/3 by Geobrugg or a product of equivalent pro-
perties was specified.

5 CONCLUSION

In many projects, the specific constraints often govern the
option taken forward for detailed design and construction.
In cases such as the one described in this paper, the de-
signer may have to resort to “hybrid” solutions. Apart from
the issues that must be dealt with in the design of the indi-
vidual stabilization measures, the designer has to consider
and accommodate strain compatibility problems where they
occur.
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Design and Case Histories of Large Deep
Excavations in Complex Urban Environment in
Shanghai

W. D. Wang, Z. H. Xu, Q. Li
Abstract

With rapid infrastructure construction and urban redevel-
opment, there has been an increasing demand for utilization
of underground spaces which give rise to a large number of
excavation projects. In the past decade, a series of new
trends have emerged on excavation engineering in Shang-
hai. As available ground resources in congested urban areas
are scarce, excavations become much larger and deeper
than before to maximize land use as much as possible. On
the other hand, more and more excavations have to be car-
ried out in close proximity to existing buildings, tunnels,
utilities and other structures. Any severe damage to the
nearby utilities probably lead to economic losses and com-
plicated conflicts among owners, tenants, utility customers
and the public. As a consequence, it is of great concern to
not only ensure the safety of excavation itself but to miti-
gate adverse excavation-induced influences on adjacent
environment. This paper presents recent developments in
practical design and construction techniques of controlling
excavation-induced deformations in Shanghai. Commonly
used techniques including top-down construction method,
ground improvement, zoned excavation method and under-
pinning technique are described and discussed, giving de-
tails of procedures involved and both advantages and draw-
backs faced in each method. Relevant instrumented case
histories executed by the authors’ firm along with experi-
ences on excavations in different types of urban environ-
ments are reported as well.

Introduction

Shanghai is one of the important global financial centers
having a population of more than 24 million as of 2014. In
the past three decades, unprecedented economic develop-
ment and urbanization lead to an increasing requirement of
large underground spaces, which can serve as basements of
high-rise buildings, metro tunnels and stations, under-
ground power stations and infrastructures of various kinds.
Whereas, ground resources readily available especially in
urban areas are extremely scarce. Hence, property devel-
opers tend to specify deep basements to maximize land
use. All the trends call for larger and deeper excavations

than before. Nowadays, large scale deep excavations with
an area of more than 100,000 m? are not rare. Figure 1(a)
shows a typical large project of Shanghai Honggiao interna-
tional airport transport hub, which covers a footprint of
350,000 m?. It is the biggest transport center in China, con-
sisting of interchange stations for five different metro lines,
two traffic squares, a high speed railway station, and a sta-
tion for the Maglev train connecting Honggiao and Pudong
international airports (Wang et al., 2015). The excavation of
the North Square of Shanghai South Railway Station as
shown in Figure 1(b) reaches up to 40,000 m?. For Shang-
hai International Financial Center in Figure 1(c), the area
and the depth of the excavation are 42,000 m? and ranging
from 26.6 m to 28.1 m, respectively. Both bottom up and
top down construction methods have been used to construct
the project.

Deep excavation has the potential to cause unfavourable
effects on nearby ground as well as structures and facilities
around it. With increasing number of excavations construct-
ed in congested urban areas, it is necessary not only to
ensure the safety of the excavation, but to minimize ground
and wall displacements and hence to guarantee the service-
ability of adjacent properties. Typical existing structures
located in close proximity to an excavation involve but not
limited to buildings founded on shallow and pile founda-
tions, pipelines, metro tunnels and stations (see Figure 2),
which are referred to as environment hereafter. Although
design and construction of excavations are stringently regu-
lated by national and local codes, unexpected damages to
adjacent environment occur from time to time. It is always
a challenge for geotechnical engineers to take appropriate
measures to mitigate excavation-induced deformation so as
to minimize its effect on nearby sensitive buildings and utili-
ties, especially in soft clays. As a consequence, more issues
have to be thoroughly considered throughout design and
construction of excavations in complex urban environment.

In this paper, recent developments in practical design and
construction techniques of controlling excavation-induced
deformations in Shanghai are presented. Commonly used
techniques including top-down construction method, ground
improvement, zoned excavation method and underpinning
are described and discussed, giving details of procedures
involved and both advantages and drawbacks faced in each
method. Relevant instrumented case histories along with
experiences on excavations in different types of urban envi-
ronment are reported as well.

Figure 1a. Typical deep and large excavation projects in Shanghai: Honggiao International Airport Transportation Hub

Shanghai is located at the estuary of Yangtze River delta.
During the late Tertiary and Quaternary periods (about
three million years ago), the delta was subjected to alter-
nating marine transgressions and regressions due to climate

changes. The geology is composed of very thick (around
150-400 m) complex deposits consisting of thick clay layers
sandwiched by sand layers (confining aquifers). The top 40-
50 m soils are most frequently encountered in geotechnical
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engineering work. Gao et al. (1986) divided the uppermost
50 m soils in Shanghai into eight layers as described in Ta-
ble 1. The top two layers are fill and yellowish silty clay. The
second layer is over-consolidated and commonly referred to
as stiff surface crust. Following are soft clay layers of thick-
ness ranging from about 10 to 20 m. The soft clay has rela-
tively higher natural water content, void ratio and com-
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pressibility but lower shear strength. Underneath the soft
clay are layer (5-silty clay and layer (6)-dark green stiff
clay. Unlike the normally consolidated layer (5), layer (6) is
over-consolidated and only has a thickness of about 3 m.
Beneath the clay layers is a very fine to fine sand layer
which is the first aquifer with a hydraulic head of about 3-8
m below ground surface.

Bottom up area

Figure 1b,c. Typical deep and large excavation projects in Shanghai: (b) North Square of Shanghai South Railway Station and
(c) Shanghai International Financial Center

Struts Struts
—-

(a) building resting on shallow foundation

Struts Struts

(b) building resting on pile foundation

(c) pipelines

Struts

(d) underlying tunnel

(e) adjoining tunnel

(f) underground metro station

Figure 2. Structures located adjacent to excavations in urban areas
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Typical Geological Conditions in Shanghai

Table 1. Description of typical Shanghai soil strata (modified from Gao et al., 1986)

Sequence Soil description

Thickness (m)

Geological origin Notes

® Fill <3 River estuary alluvial
deposits Over-consolidated
@ Silty clay 2-3 (Stiff surface
crust)
® Soft silty clay 5-10 Shallow sea deposits
@ Soft clay 3-10
Littoral shallow sea Norrlr'](?uty y
. marsh deposits; consolidate
© Sitty clay 15 littoral—flEvial
deposits
® Stiff clay ~3 Lacustrine deposits Over-consolidated
Very fine to fine Fluvial deposits Aquifer |
@ Y sand 15 P )
® Silty clay 20-30 Shallow sea deposits

A typical soil profile and soil properties in Shanghai is shown
in Figure 3. The unit weight (y:) of soils decreases from 19
kN/m? near the ground surface to 16.5 kN/m?3 at 10 m be-
low ground in the soft/silty clay layer, and then increases to
19 kN/m? below 30 m. For the soft (silty) clay layers, the
measured values of natural water content (w,) are greater
than the liquid limit of each soil, suggesting the soft and
compressible nature of the soils. The undrained shear
strength obtained from in-situ vane shear tests is less than

7, (N/m)
Soil strata

w (%)

40 kPa. The variations in the measured void ratio (eo) is
consistent with the profiles of y; and w,. The cone tip re-
sistance gt increases gradually with depth in clay layers,
whereas it increases suddenly to an average value of 10
MPa in the sand layer. The measured permeability of clay
layers is of the order of 10-8 m/s, while the value for the
fine sand (Aquifer I) can be as high as 10-5 m/s (Wang and
Xu, 2012). The main ground water table is generally located
at 0.5-1.0 m below the ground surface.

e 5, (kPa) CPT, g, (MPa)

16 17 18 1920 152535455506 09 12 150 40 80 1200 5 10 15
0 [ ll T I T I T I T T | T | T T TT I T | TT TTT | TTT I TTrT I T | T
o . o N o a 7
— ® a0 ° oA
ir 3 . — @ o |2
L o
B . F— LY
10 i ) “P W “’n f
ey . 0 e ¢« X
;
15 F S
— L . e ° A0
E “a
=S 20 L 5 ® P ™ :
st A0
2 AL
5r . e ] r’
F . [
L6 F
301
i . ° °
35F @ .
: ® P ® TOMm Vane
[ shear test
An

Figure 3. Typical soil profile and geotechnical parameters

Deformation Criteria

The design and construction of deep excavations in urban
environment is often governed by the tolerance of adjacent
environment to excavation-induced deformations. Precise
prediction of the deformations due to a deep excavation
using advanced numerical analysis is not simple because of
the uncertainties in geological conditions, three-dimensional
nature of the problem, incorporation of human factors and
so on. Assessment on local reliable and well-documented

case histories is an alternative approach to provide limiting
deformation criteria against unacceptable damages and to
give some guidelines for geotechnical engineers to make
reasonable predictions.

In Shanghai, deep excavations can be categorized into
three protection levels, depending on types of adjacent
properties as well as the distance away from them (Table
2). For each level, the relationship between the maximum
lateral wall displacements and excavation depth has been
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thoroughly investigated by using statistical methods on the
basis of a large number of heavily instrumented case histo-
ries. The mean value of measured maximum lateral wall
displacement is set to be the permissible wall displacement.
The limit values of maximum wall displacement are found to
be 0.18%H, 0.3%H and 0.7%H for Class I, II and III exca-
vations, respectively. The maximum ground surface settle-

ment are approximately 0.8 times the permissible maxi-
mum lateral wall displacement for all cases. According to
practices in Shanghai, existing structures and properties
have rarely been damaged as long as excavation-induced
deformation are stringently controlled based on the criteria
given in Table 3.

Table 2. Classification of excavations according to adjacent environment (SUCTC, 2010)

Distance éway from the Protection
excavation (s) level

MNeighboring conditions (type of structures and other
properties adjacent to excavations)

Historic buildings, industrial plants with precise equipment
and machinery, important buildings on shallow foundations
or short pile foundations, metro tunnels, flood walls and
other important infrastructures such as water, gas and Hes<2H I
sewer networks

szH |

2H<sz4H 1l
Mormal buildings on shallow foundations or short pile s<H I
foundations, infrastructures such as water, gas and sewer Hes<?H "
networks <

Mote: H is excavation depth.

Table 3. Deformation criteria on excavations in Shanghai (SUCTC, 2010)

Protection Permissible maximum wall “Permissible maximum ground
level displacement settlement
| 0.18%H 0.14%H
1l 0.3%H 0.25%H
i 0.7%H 0.55%H

Environmental Protection Techniques

It is well-acknowledged that removal of soil with the exca-
vation process would inevitably lead to stress changes initi-
ating noticeable ground deformations, the influence zone of
which can extend to several times of the excavation depth
behind the wall. As illustrated in Figure 4, protection of the
nearby environment can be achieved by: (1) controlling
deformations associated with excavations within desirable

Building

Excavation Excavation

limits; (2) installing a barrier between the excavation and
nearby structures to block the spread of induced defor-
mations; (3) increasing the ability of affected structures to
resist the deformations. Four commonly used protection
measures including a top-down construction method,
ground improvement, zoned excavation method and under-
pinning will be discussed, giving details of procedures in-
volved and both advantages and drawbacks faced in each
method.

* oround improvement
+ mcreasing stiffness of the
retaining-stout system
= top down construction
= decrease vertical or horizontal
strut spacings o

i

-
)
-

{4

/l'
Retaining wall

Building Building
Excavation

+ quick excavation, prompt prop Piles

44

‘ Underpinning

/p‘
Retaining wall

{a) (b)

(<)

Figure 4. Mitigation of adverse influences on nearby environment by: (a) controlling excavation deformations; (b) installing a
barrier to block spread of deformations; and (c) increasing structure’s ability to resist excavation-induced deformations

Top down method

In contrast to the bottom-up method, in the top-down
method, the ground floor slab is cast first and then excava-
tion and construction of basement proceed downwards at
the same time. It is effective to minimize lateral wall dis-
placements, as retaining walls are restricted by floor slabs
which are more stiffer than temporary reinforced concrete
or steel struts. Wang et al. (2010) collected a total of 232
case histories of wall displacements for deep excavations in

different types of neighbouring environment. Among these
cases, 200 excavations were constructed by using the bot-
tom up method while the other 32 excavations by the top
down method. As demonstrated in Figure 5, the maximum
average wall displacement dnm for the top down system is
about 0.27%H (H is excavation depth), less than the value
of 0.4%H for those using the bottom up method. The direct
comparison suggests the top-down method is an option to
minimize wall displacements and reduce adverse effects on
adjacent properties in Shanghai soft clay.

ZeAida 17

TA NEA THZ EEEEI'M - Ap. 85 — AEKEMBPIOZ 2015



300

(a) bottom-up method (DW. CPW. and CDSM) 9

E
£ -
=, 250L[ @ DWES) gl
s B DW(SS) 54
E o CPW(CS)
£ 200 & cPwiss)
g & CDSM(CS)
& 150 | 4+ CDSM(SS) =
2
% 100}
g
£ 30f
=
0

Excavation depth H (m)
(a) bottom up method

Maximum wall displacement & _ (mm)

300

(b) Top down method
250

150 [ Average: § =0.27%H
100 -

S0 y ™ . . ]
=

-il—_l-.' | I Ggmn=0-1 :D

5 10 15 20 23 30

Excavation depth H (m)
(b) top down method

Figure 5. Comparison of maximum lateral wall displacements for excavations constructed using: (a) bottom up method; and (b)
top down method (Wang et al., 2010)

Figure 6 shows the excavation of Shanghai 50 kV World
Expo Underground Transmission and Substation, where only
underground structures were continuously constructed to-
gether with downward excavation. Several openings were
left in roof slabs allowing for transportation of spoil, materi-
als and machinery as shown in the figure. An extension of
the conventional top down method is concurrent upward
and downward method, also called the up-down method, in
which excavation and construction of superstructures are
carried out simultaneously upon the completion of roof
slabs. Figure 7 shows the excavation of Jing’an transporta-

Diaphragm wall
(thickness=1.2m)

tion hub, which was intended to alleviate the congested
traffic problem in the densely populated area. The contrac-
tor expected the podiums to be open for use before all
basements were completed. In this case, it was of ad-
vantages to use the concurrent upward and downward
method to expedite the construction. In the end, not only
the total construction program but also interests accrued on
loan have been saved. The trend that more projects are
constructed under fast-track schedule may also be an im-
portant driver to the growing popularity of the top-down
construction method.

UL W =S ™

Existing tunne

Figure 7. Excavation of Jing’an transportation hub constructed using concurrent upward and downward method (excavation ar-
ea=16000 m?, excavation depth=17.2 m)

Ground improvement

The top 40 m soil deposits in Shanghai are relatively soft
(refer to Table 1 and Figure 3). The deformations of retain-
ing structures could not be fully controlled by only increas-
ing wall stiffness when excavations are carried out in such

soft ground. It is therefore necessary to increase ground
stiffness and hence to restrain lateral wall deformations by
improving soils inside excavation with cement slurry using
either the deep-mixing method or the jet-grouting method.
Two commonly used deep mixing methods are dual-auger
method and triple-auger method. The principles of the two
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mixing system are identical, whereas the latter one can
improve soil at greater depth. The deep mixing method
utilizes mechanical augers, while the jet grouting utilizes
pipes with high-pressure grouts. Typical design parameters
of each method applied in Shanghai are summarized in Ta-
ble 4, including water cement ratio, mass of cement slurry
and 28-day unconfined compressive strength.

A number of variations in soil improvement arrangement
are applied in practical excavation work, largely depending

on geological conditions of the construction site and neigh-
borhood environment conditions. The arrangements include
block type, wall type, strip type and edge type. It is clear
that block type and strip type are the most efficient in re-
sisting lateral wall deformation because of the higher vol-
ume of treated soil, but on the other hand, they are much
more expensive. Given such economic considerations, the
wall type and edge type are more frequently used in prac-
tices in Shanghai.

Table 4. Design parameters of ground improvement techniques

Ground improvement

Cement slurry

Water cement (w/c) 28-day unconfined

techniques (by mass) ratio compressive strength
Deep soil mixing (dual-auger) 13% 0.45-0.6 > 0.6 MPa
Deep soil mixing (triple-auger) 20% 1.5-2.0 > 0.8 MPa

Jet grouting 25% 0.8-1.5 > 1.0 MPa

/7

0

NI

7
4
%

727722277

o

7

'Retair_u'ng wall

.

(a) block type (b) wall type

(c) strip type (d) edge type

Figure 8. Arrangement of soil improvement inside excavations

Zoned excavation

Zoned excavation method is often applied in large-scale
excavations where the construction site is separated into
smaller zones and the excavation process is carried out
zone-by-zone. Once the area is reduced, it can speed up
the excavation process and construction of struts for each

zone to form a complete retaining system early. This is im-
portant for the projects in soft clay where secondary com-
pression may take a noticeable proportion of wall and
ground deformations if the construction lasts for a long pe-
riod. The excavation procedure in each zone is similar to
conventional approaches.

| Bottom up construction | Top down construction | =5 |Retaining wall— Zome I Fonell o
I T 1 I 1 |
= [Reidning walll I I
1 5tuf= - — St %
[0 g 5
o
Tqmpafary 1| j
retgning walll LL] [g mm
A LT b =
Retainine wall — ;:c;jm Slah Stanchion Main beam s=condary Termporary retaining wall  Steal stut
< ¥l
[ Buiding ES Tumel  [Buldmg|  [Buldng| | Buulding | | Building | Tommel
(a) (b)

Figure 9. Schematic diagram showing zoned excavation: (a) combination of bottom up and top down construction; (b) zoned
bottom up construction

As shown in Figure 9(a), a large-scale excavation is divided
into two comparable zones, A and B. Each zone takes a
different construction method according to the nearby envi-
ronment conditions. Area A that is far away from existing
buildings is constructed firstly using the bottom up method
while keeping area B intact. Since the buildings are beyond
the main influence zones of area A because of the existence
of area B in between. The excavation-induced influences on
the buildings are supposed to be limited during this stage.
After completion of underground structures in area A, it
proceeds to the construction of area B by using the top
down method. As the result of large lateral stiffness the
top-down method can provide, the effect of excavation on
buildings tends to be less significant.

Figure 9(b) shows another common practice that splitting

an excavation into a large area (Zone I) together with a
narrow rectangular one (Zone II) in an attempt to ensure
the safety of adjacent existing tunnels and metro stations.
Based on practical experiences, the small rectangular area
is generally set to be about 20 m wide. Prior to construc-
tion, the soil in the small area is improved by deep-mixing
method in a block type. The rectangular area thus functions
like a rigid wall that can reduce the magnitude of soil and
tunnel movements towards the excavation. For some cases,
the rectangular area would be further divided into a humber
of sections, each of which is about 50 m long.

The narrow excavation is generally supported by steel pipe
struts of a diameter of 609 mm, which are mounted on
steel wale beams or directly on diaphragm walls. In order to
conform to the stringent regulation on tunnel movement of
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less than 20 mm, a novel load compensation servo system
as shown in Figure 10 has been developed. The system is
able to monitor the strut load constantly during the course
of construction and to adjust the axial loading automatically
once the observed value deviates largely from the permissi-

(@)

ble limit. The successful application of the strut system in a
variety of projects has proved it to a reliable and efficient
technique to reduce excavation-induced influences on near-
by metro tunnels and stations.

(b)

Figure 10. (a) Load compensation servo for steel struts; (b) close-up of the connection between retaining wall and the servo

Underpinning

When a structure is located within the primary influence
zones (Hsieh and Ou, 1998), excessive settlements and
large angular distortions may generate, causing uninten-
tional damages to the existing structure. This damage does
not depend only on the induced ground deformations but
also on the structural sensitivity of the affected building.
Masonry load bearing walls or frames with masonry in-fill
walls rested on shallow foundations are most vulnerable to
differential settlement. Under certain circumstances, it is
hence required to underpin a structure as a safeguard
against possible settlements before the commencement of
excavation. Underpinning is a broad term to describe the
process of installing new supports under an existing founda-
tion. There are a variety of underpinning methods and the
selection of an appropriate underpinning technique is de-
pendent on geotechnical conditions, access to foundations,
type of existing building foundation, type of building struc-

Hydraulicjack —»

Jackset (Anchor) ——

Newly constructedor
existing ground

Segmental steel |
casings or precast
concreted piles

ture, and magnitude of the building loads.

Shanghai city has many great historic buildings which were
constructed in the late nineteenth or early twentieth centu-
ry. Most of the buildings are typically composed of load
bearing brick walls and columns supported on shallow foun-
dations. These buildings are delicate and vulnerable to
ground movements of small magnitude. Jack-down piling
method has been used in Shanghai to reinforce fragile
buildings in urban areas since it is almost silent and vibra-
tion-free. After the provision of a suitable reaction medium,
e.g., existing or newly constructed reinforced concrete
ground, segmental steel casings or precast concrete piles
are jacked in sections to a designed depth, as we can see
from Figure 11. The piles are concreted and bonded to ex-
isting columns. Because of the unique size and adaptability
of jack rigs, the jack-down piling method can be used in the
most difficult areas with small operating clearance.

Figure 11. Underpinning column foundation with jack-down piles

To protect brick walls of the delicate buildings, a pair of
piles are installed on either side of the affected wall. A
pocket of brickwork is then removed and a steel cage is
installed to span over the two piles at intervals. To improve
the integrity of the new foundation, the needle beams are
often connected by a reinforced concrete beam as shown in

Figure 12. Compared with traditional underpinning methods
which entail a large amount of excavations and labor work,
the aforementioned underpinning techniques are quicker
and result in less disturbance to these buildings.
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Figure 12. Underpinning brick wall foundation with pile and beam

Case Histories further structural damages to these old buildings. The exca-

vation is hence classified as Class I with respect to the pro-
Xingye Building tection level as indicated in Table 2. Top-down construction

method was adopted in an attempt to protect the old build-
Figure 13 shows the plan view of excavation for Xingye ings and pipelines. A 1 m-thick diaphragm wall was installed
Building which is located in the old downtown of Shanghai. to a depth of 31.2 m at the west and south sides that were
The building has 19 floors above the ground and a three- close to the existing historic buildings, while a 0.8 m thick
level basement. The excavation depth of the west side and diaphragm wall was used for the north and east sides. To
east side of the basement was 14.4 m and 12.4 m, respec- reduce the effects of wall installation on the delicate build-
tively. The construction site, covering a footprint of 7,800 ings, each wall panel was 4.2 m long rather than the com-
m?, was adjacent to 15 existing buildings, among which mon practice of 6 m in Shanghai. Concrete-filled steel tubes
Building A ~ Building H were historic buildings. Building A is of a diameter of 609 mm were taken to support the vertical
a reinforced concrete frame structure constructed in 1949. loading of underground structures during the course of ex-
It is rested on a piled box foundation, which utilizes wooded cavation, and the steel tubes were finally encased with con-
piles driven into a stiff clay layer. The distance from periph- crete to form the permanent columns. In addition to adopt-
ery of the excavation to the historic building was about 8.0 ing a top-down method, peripheral 6 m-wide soil inside the
m. Besides, a large number of old pipelines were embedded excavation was improved from the ground surface to 5 m
underneath Hankou Road and Sichuan Road. Anxiety on below the formation level to enhance the resistance to lat-
safety may arise if excavation activities lead to cosmetic or eral ground and wall deformations.
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Figure 13. Excavation of Xingye building: (a) plan view; (b) cross section m-m

Figure 14 shows the development of lateral wall displace- settlement 8, decreased with an increase in the distance
ments at P1 as well as corresponding ground surface set- from the diaphragm wall. The &, reached to its maximum
tlements behind the wall. Prior to the construction of roof value of 22.4 mm at about 10 m behind the wall and then
slabs, cantilever-type wall displacement was observed when decreased gradually. The ground surface settlement profile
soil was removed. Afterwards, since the top of the wall was turns to be a concave type (Ou, 2006), and the influence
resisted by the roof slab, a deep-seated profile developed zone extends to at least 2H behind the wall. The ratios of
as the excavation proceeded downwards. Upon completion Ov-max t0 On-max ranges from 0.6 to 0.7, slightly less than the
of bottom slabs, the measured maximum lateral wall results measured by Ng et al. (2012) in a narrow rectangu-
movement was 37.9 mm, which is equal to about 0.3% of lar excavation.

the excavation depth (H). As expected, the ground surface
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Figure 14. Measured lateral wall displacements and ground
settlements at P1

According to the evaluation report of Building A, some
cracks already existed in the in-filled brick walls prior to
excavation. Figure 15 shows the settlement profile of Build-
ing A at the final excavation stage. Although the maximum
settlement of the building was up to 27.2 mm, the meas-
ured maximum angular distortion was about 1/780, which
was less than the empirical limit value of angular distortion
of 1/500 for a reinforced frame structure proposed by
Polshin and Tokar (1957). As a result, the structures of the
building were not subject to further damages during the
course of the excavation.

Jing’an Transportation Hub

The Jing’an Transportation Hub is located in the downtown
area of Jing’an district. The project comprised a 20-story
tower and 8-story podiums equipped with a three-level
basement (refer to Figure 16 for the architectural draw-
ings). The construction site occupied an area of about
15,916 m2. As shown in Figure 16, there existed roads,
metro tunnels, buildings as well as various types of pipe-
lines around the site. The shield tunnels of Metro Line 7 (in
service) run parallel to the east side of the excavation and
were embedded about 10 m underneath the Changde Road.
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Figure 15. Settlement profile of Building A at the final ex-
cavation stage

The minimum distance between the tunnels and the exca-
vation was only about 8.6 m. On the south side stood an
old Building B, which was about 12 m away from the exca-
vation. The building had 8 stories and was rested on piled
raft foundations with a pile length of 18 m. The buildings on
the east side were also close to the site. The excavation
depth at the tower area was 15.0 m and ranged from 14.5
m to 15.2 m for the podium area.
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Figure 16. Plane view of the construction site and adjacent environment
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Considering the excavation area, the excavation depth, and
the protection requirements of the adjacent facilities, zoned
excavation technique was adopted in this project. The exca-
vation was divided into a relatively large pit (Zone II) and a
small one (Zone I), as shown in Figure 17. Zone I was 16.3
m wide and adjacent to the metro tunnels. The two excava-

tions were separated by a temporary diaphragm wall in
between. Zone I was constructed first by bottom-up meth-
od. Upon the completion of underground structures in the
small area, Zone II was constructed by using the top-down
method.

-3

3 ——
W}m 1

iy
i

el

EiU[}B]-[ =)

FDB4-1

Legend:

0 Inclinometers in wall
@ Cround surface settlement points
o Settlement points of buildings

®  Setflement points of power pipelines
¥ Settlement points of water pipe
*  Sertlement points of the metro tunnel

Figure 17. Zoned excavation plan and layout of instrumentation

The small narrow excavation (Zone I) was retained by a
1000 mm thick diaphragm wall along the side adjacent to
tunnels. The embedded length, i.e., the wall length below
the final formation level was 22.9 m. While a 800-mm thick
diaphragm wall was installed to be the temporary retaining
wall between the two zones. The excavation was supported
by four levels of struts. The first level prop used 800 mm x
800 mm reinforced concrete struts while the other three
utilized steel tube struts with a diameter of 609 mm and a
thickness of 16 mm. All the struts were installed at a 6 m
spacing in plan. Instead of using reinforced concrete or
steel struts, structural slabs were used to resist lateral wall
displacements in Zone II. The roof slab (BO) was designed
as a platform for soil excavators, trucks and other construc-
tion machines to walk on. Big access openings (see Figure
17) were left in the roof slabs to facilitate the transportation
of soil spoil and delivery of building materi-als. A big open-
ing was also left at the tower area. The exca-vation at this
part was temporarily supported by reinforced concrete
struts. Upon completion of bottom slabs, the tower building
was constructed upwards. Details of retaining structures
can be referred to Figure 18.

The excavation was heavily instrumented (refer to Figure
17) and the responses of retaining structures together with
nearby tunnels, buildings and pipelines were continuously
monitored throughout construction. Figure 19 compares
lateral displacement profiles of diaphragm walls in Zone I
and Zone II. It can be seen that the lateral displacement of
wall gradually developed into a deep-seated profile as the
excavation proceeded downwards. From the second level of
strut (-6.1m) to the formation level, all excavation activities
were carried out in soft (silty) clay layers. As expected, lat-
eral wall displacement increase significantly accordingly.
The maximum lateral wall deflection én of X1 and X8 were
16.7 mm and 20 mm, being equal to 0.11%H and 0.13%H,

respectively. It took about 10 days to cast bottom slabs.
During this period, noticeable lateral displacement incre-
ment was observed. It can also be found that the maximum
lateral displacement generally occurred underneath the
formation level in the bottom up constructed area.

Figure 19b shows typical lateral wall displacement at X30
and X33 in Zone II. The wall displacement profile agreed
broadly with those in Zone I, but the magnitude was much
larger. The maximum wall deflection &n of X30 and X33
were 70.2 mm and 60.5 mm, being equal to 0.46%H and
0.40%H, respectively. The larger wall displacements may
be attributed to the following reasons: (1) the area of Zone
I was much smaller than that of Zone II so that excavation
of Zone I was much faster; (2) average vertical strut spac-
ing in Zone I was smaller than that in Zone II; (3) a thicker
diaphragm wall was used for the retaining structures adja-
cent to the tunnels; (4) the entire area of Zone I was fully
improved while in Zone II only the peripheral passive zones
were improved. The maximum lateral displacement oc-
curred above the formation level, being similar to the wall
responses observed in Xingye Building which used top down
method as well (see Figure 14).

Figure 19b shows typical lateral wall displacement at X30
and X33 in Zone II. The wall displacement profile agreed
broadly with those in Zone I, but the magnitude was much
larger. The maximum wall deflection dm of X30 and X33
were 70.2 mm and 60.5 mm, being equal to 0.46%H and
0.40%H, respectively. The larger wall displacements may
be attributed to the following reasons: (1) the area of Zone
I was much smaller than that of Zone II so that excavation
of Zone I was much faster; (2) average vertical strut spac-
ing in Zone I was smaller than that in Zone II; (3) a thicker
diaphragm wall was used for the retaining structures adja-
cent to the tunnels; (4) the entire area of Zone I was fully
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improved while in Zone II only the peripheral passive zones responses observed in Xingye Building which used top down

were improved. The maximum lateral displacement oc- method as well (see Figure 14).
curred above the formation level, being similar to the wall
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Figure 19. Comparison of lateral wall displacements at: (a) Zone I; (b) Zone II

Figure 20 shows the vertical tunnel movements along the of the loading bearing walls and interior columns were rest-
longitudinal tunnel axis. When Zone I was excavated to the ed on stepped spreading footings made of brick. The closest
formation level, most of tunnel linings moved downward distance from the excavation to the buildings was only
except for locations from T17 to T21. The maximum tunnel about 3.0 m.
settlement and heave were 8.5 mm and 2.8 mm, respec-
tively. During the subsequent excavation of Zone II, tunnel On the south of the excavation lied Renmin Road tunnels
linings moved downward almost uniformly. Another 4.5 m which run across Huangpu River connecting Pudong and Pu-
settlement was recorded during the period. When excava- xi areas. The two tunnels were 6.7 m apart and embedded
tion in Zone II was finished, the maximum settlement of the about 14 m to 22 m below the ground surface. The tunnel
tunnel was found to be 13.1 mm, which was within the ac- diameter was 11.36 m. As shown in the figure, the mini-
ceptable limit of 20 mm (Hu et al., 2003). The maximum mum distance between the excavation and the tunnels was
angular distortion was 0.059%, occurring near T10. No ob- 9 m. Moreover, there were bund tunnels and a lot of pipe-
vious structural damage was observed to tunnel linings and lines around the excavation. The details of the bund tunnels
the normal service of the metro line was rarely affected by and pipelines are not presented in this paper.
construction activities of the excavation. .
DingDing Bund Building | T st B
A four-story basement for the DingDing Bund building was £ -10f ]
constructed in the bund area in downtown Shanghai. Figure 5 st ]
21 shows the plan view of the site. The construction of the g _ e
basement involved an excavation of 20,000 m2 in area and g0 ot O-8—8-
19.8 m in depth supported by diaphragm walls. As the site ERry 1
is located in downtown area, the environment in the prox- %
imity of the excavation is very complex. There were three 5 10 ]
buildings, i.e., main building, south building and north ; 5k ]
building, which were built in 1906 and have been preserved ™ T4 T6 T8 TI0 TI? T4 T Ti8 T T2 T4
as historical buildings on the northeast of the excavation. R I I r T T TR ENE s T s TS TR s TG
All the three buildings were reinforced masonry buildings, Chainase
which used brickwork as load bearing walls and steel pipes Figure 20. Measured Iongitudiﬁal vertical tunnel move-
or reinforced concrete to construct structural columns. Most ments
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Figure 21. Plan view of construction site and monitoring layout

As the environments around the excavation were compli-
cated, 1000 mm-thick diaphragm walls which were support-
ed by five levels of concrete struts were adopted for most
areas. The dimensions of each level of struts are given in
Figure 22. The first level of struts used C30 concrete whose
28-day compressive strength was 14.3 MPa. For the rest of
struts, C40 concrete of compressive strength of 19.1 MPa
was adopted. The embedded depth of the diaphragm wall
varied from 18.0 m to 34.0 m along the perimeter of the
excavation depending on both geological conditions and
adjacent environments to be protected. Two rows of mixed-
in-place piles were constructed along either side of the dia-
phragm wall to reduce the influence of wall installation on
adjacent environments. Besides, soil at the excavated side
from underneath the second level strut to six meter below
formation level (shadow area as shown in Figure 22) was
improved by triple-auger deep mixing method.

In order to protect the historical buildings, diaphragm walls
near the buildings were increased to be 1200 mm thick.
During the design stage, we proposed that the contractor
should underpin the three historic buildings before the main
excavation commenced. However, due to some unknown
reasons, this work did not commence until the completion
of diaphragm wall installation. The procedures of underpin-
ning outside brick walls are illustrated in Figure 23. The
ground was first excavated to a certain depth to expose
spread footings, where a pocket of brick was removed at
intervals. Segmental steel pipes were then jacked down to a
depth of 30 m on either side of the wall. Steel cages were
installed to span over the brick foundation to form a needle
beam. Finally, concrete was poured to allow for a connec-
tion of jack-down piles, needle beams and the ring beam.
The interior columns were also underpinned by jack-down
piles which were connected by a newly constructed rein-
forced concrete slab.

To reduce the influence of excavation-induced soil move-
ment on Renmin Road tunnels, a contiguous pile wall com-
prising of 800 mm diameter bored piles at 1100 mm centers
was constructed in the middle of the excavation and the
tunnel. The excavation was carried out by using the bot-
tom-up method. The soil in middle of the excavation, i.e.,

Zone A, was first removed followed by Zones B to D in se-
quence. For each zone, soil was excavated in numerical
order (see the inset of Figure 21).

Figure 24 shows the lateral wall displacements behind the
wall at each stage. The measured data at Stage 9 when the
second level underground floor slab was constructed is also
included for comparison. Before the bottom slab being cast,
the lateral wall displacements increased significantly as the
excavation proceeded. The wall deformed in a deep-seated
profile and the maximum wall displacement occurred near
the formation level. Once the bottom slab was completed,
additional lateral wall displacements were negligible or even
reduced. As shown in this figure, the maximum wall dis-
placements dmax fall in the range of 0.24%H~0.58%H (H is
excavation depth). The lateral wall displacement at CX5 is
smallest due to corner effects. Since diaphragm walls at
CX11 are 1200 mm thick and offered relatively stiffer sup-
ports, the measured wall displacements are smaller than
those at point CX1 where 1000 mm-thick walls were used.

It should be noted that the historical buildings were not
underpinned until diaphragm walls and foundation piles had
been constructed. As illustrated in Figure 25, the delicate
unreinforced buildings settled more than 25 mm just during
the course of wall installation, contributing to about 50% of
the final building settlement. After completion of underpin-
ning work, the influence of excavation on the buildings were
limited until it was excavated to the fifth level of strut.
Building settlements increased significantly when the final 3
m thick soil was removed. Considering the short distance
between underpinning piles and the excavation, the excava-
tion-induced deformation may change stresses behind the
wall and alter the shaft resistance along the piles. Both the
total and differential settlements need to be analyzed to
evaluate the building response. The maximum differential
settlement was found to be 1/1800, and no obvious struc-
tural damages were observed.

Figure 26 shows the development of tunnel movements
with time. Since P05 was beyond the excavation while P90
was 42 m away from the excavation, the vertical tunnel
movements due to excavation were less than 3 mm at the
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two locations. For other locations, tunnel linings continued
to heave during the principal excavation period, from Stage
2 to Stage 6. It is postulated that the ground heave due to
stress relief was dominant in the period and the soil behind
the wall heaved, causing the tunnel to move upward to-
gether. The maximum tunnel heave was 15.5 mm. The
structural integrity of the tunnels was protected well and it
operated smoothly throughout the excavation process.

SE

4F Main building
3F
1 IF
. L 30~7.0, \fixed-in-place piles
04

327
s
=]

14.5

Z|suffslty  Underpinning piles

= |clay Length=30m
= |Fine sand
“{(Aquifer )
b, §T
B i v = Strue 2
& Strut 3] ee
Wi - = 2
= Soft (silty) Fenmin Road Tunnel 5
clay ] 1ameter=11 36m : Hstrut 5
y- NN y Ry 4 ormation lejel
= |Saf silty clay =
& o
Bored pile 1 0 disphrazm wall
#300 @1100
unit:
= \Fine sand =1 (umite) |
i | (A quifer I)

Figure 22. Relationship between excavation and adjacent:
(@) historical buildings; (b) tunnels
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Figure 23. Photos showing the sequence of underpinning
work: (a) excavation; (b) installation of jack-down piles; (c)
installation of steel cages
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Conclusions

Ground deformations due to excavation, and their effects on
the adjacent environment, are increasingly important as
more underground construction is undertaken in urban are-
as, but their influences on nearby existing buildings, tun-
nels, utilities and other structures are too often neglected.
In Shanghai, excavations are categorized into three protec-
tion levels for engineering purposes, depending on types of
adjacent environment as well as the distance away from it.
Deformation criteria associated with lateral wall displace-
ments and ground surface settlements vary with protection
levels.

Ground deformation control and protection of adjacent pro-
perties remain challenging for deep excavations in soft
clays. Various types of protective measures have been
commonly applied to control ground movements or increase
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the ability of adjacent structures to tolerate those move-
ments in Shanghai. Those measures include, but not limited
to, ground improvement technique, top down method,
zoned excavation technique and underpinning. Four rele-
vant case histories in different urban settings have been
successfully constructed, proving the aforementioned tech-
niques to be effective in mitigating excavation-induced in-
fluences on nearby environment in Shanghai soft clays. The
selection of the mitigating measures must be made with
comprehensive considerations of geological conditions of
the construction site, types of structures to be protected,
adjacent environment conditions, and so on. As the theory
and practice of excavation develop, more innovative design
and construction techniques are expected in the future.
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Figure 26. Development of tunnel movements with time
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AIAKPIZEI2 EAAHNQN
F’EQMHXANIKQN

Nowpyog Nrkalérag

BpaBeio EEaipeTng NMNavemornpiakng Aidackaliag
«BaciAn SaveonouAou - ZTépavou MNveudaTikou»

To 'Idpupa Texvoloyiag kal ‘Epeuvac (ITE) anéveiye oTov Ka-
enynt Edagounxavikng kal Edagoduvapikng Tou EBvikou
MeTooBlou MoAuTexveiou MNwpyo Mkalérta (o.€. vuv Mpoedpo
Tng EEEErM) To BpaBeio EEaipetng [MavenioTnuiakng
AidaokaAiag.

ITE......

B. ZANOONOYAOY & LT. INCYMATKOY

Méoa os pia Aaupnpr), 000 Kal GUYKIVNTIKA aTtuoogaipd, o
MNwpyog Mkalétag, napehaBe To BpaBeio and Ta XEpia Tou
Mpogdpou Tng EAANVIKAG Anupokpatiag k. Mpokonn Maulo-
nouAou, Tnv Mapaokeun 4 AskeuBpiou 2015.

Mpodkerral, yia To BpaBeio E&aipeTng MavenioTnuiakng Aida-
okaAiag «BaagiAn ZavBonoulou - ZTépavou MveuparikoUs,
To onoio £xel BeopobeTnoel ano To 1991 To Idpupa TexvoAo-
yiag kai 'Epeuvag, otn pvApn Tov Aapnpawv Eniotnuovwv Tou
Ma-venioTnuiou KpAtng, BaoiAn ZavBonoulou kal ZTEpavou
MveupaTikoU, nou dologovnnkav To Bpadu TnG 27n¢g Noeu-
Bpiou 1990 oTo HpdkAeglo, Tn OTIyUnR nou emiTeAoloav and
KolvoU To S10aKTIKO AgIToupynua.

O Nwpyog MNkalétag, napouaia Tou AvanAnpwTn Ynoupyou
'Epeuvag kal KaivoTopiag, Tou MpUTavn Tou E.M.IM., BouAeu-
TV aAAd kal evog noAunAnBolc akpoartnpiou and kaTta&iw-
MEVOUG Kal JIaKEKPIMEVOUG €MIOTHAMOVEG, NapeAaBe To Bpa-
Beio kal euxapioTnoe Bgpua yia TNV PeydAn TiPR Nou Tou &yli-
VE, TO0O Tov Mpoedpo TnG AnuokpaTiag, 6go kal Tnv Enitpo-
nr) Anovopng Tou BpaBeiou, nou anapTiletal and Siakekpl-
MEVOUG akadnuaikolc, 6nwg, ol K. Ogodoong Taaiog (EMM),
MNwpyog Beng (EMN), Anuntpng MavteppaAng (AMO), Avtw-
vngG MaviTakng (AMN®), ApioTeidng MnaATtag (EMM), Mavayio-
NG Zoukdkog (EKMA), Baailelog AouyaAng (EKIMA) k.a.

la To €pyo TOU TINWHEVOU, €VOC dIEBVC KaTa&iwuevou Kai
OIaKEKPIPEVOU EMICTHOVA, avapepBnke o OPOTIHOG Kadnyn-
TAG Tou E. M. MoAuTexveiou K. O@goddong TAclog, o onoiog
e&npe TNV agociwon Tou Mwpyou MkaléTa oTnv NavenioTn-
piakn di1daokaAia kal anokdAuwe nwc n sniTponn éAape na-
v ano 50 enioToAEG POITNTWV KAl OUVASEAPWY TOU HE Ae-
NTONEPEIC NeEPIYpaPEC Tou dIdakTIKoU Tou nNdboug.

‘Enaivog BpaBeuopévou k. I'. Fkaléra
E€oxoTaTe Kupie Mpoedpe Tng EAANVIKAC AnpokpaTiag,

Tou anoyivou Enaivou, eulNoywc xpeldleTal va nponynBei pia
BpaxuTaTtn undéuvnon TNG Bloypagiag kai TnG epyoypagiag
TOU TIHWHEVOU.

O lewpylog Mkalétag oppaTal (KUpiwg) ek TNG KAEIVAG Tpik-
KNG (Twv TpikdAwv dnAadn), €éAaBe de To AinAwua Tou MoAl-
TIKoU MnxavikoU an’ To yepapov EOvikdo MetooBio MoAuTe-
XVveio, To 1973. O MeTANTUXIAKEG-TOU OMOUJEG E£yivav OTO
M.I.T., an’ 6nou cUvTopa €Aafe Tov JIBAKTOPIKO-TOU TITAO,
To 1976. TG HIMA &ekivnoe yia onuavTikn akadnuaikn oTa-
di0dpopia: Enikoupog Kabnyntng oto Case Western Univer-
sity, AvanAnpwTn¢ Kabnyntg oto Renselaer Polytechnic In-
stitute, Eniokéntng Kabnyntrg oTo State University of New
York - yia va ekAeyei (To 1982) TakTikdg Kabnyntng otnv
'Edpa Tng Edagopnyavikng oto EBvikO MeTaoBio MoAuTexvei-
0. AuTn n Taxeia avayvwpion NECA 0TO AKPWG avTaywviaTIKO
nepiBaiov Twv H.M.A. (Uéoa oc NéEVTe goOvov xpovia an’
TNV anokTnon Tou diIdakTopikoU), Npoolwvile TNV emTuxn dI-
€0vn oradiodpopia Tou Mewpyiou MkaléTa, n onoia 6’ ako-
AouBoUos HETA TNV €yKATAOTACON-TOU oTnv EAAGda. AIoTi
€dw METPIETAI TO NOOA anidia €xel 0 0AKKOG — €3 OTO aAno-
Hovwpeévo (Aéve), appayko (evioTe de Kal «NAPAEEVIAPIKO»)
nepIBAAov TnG KAEIVAG pag Xwpag. Q0T600, o veapog (30-
ouvTng oxedov TOTe lkalétag), xdapig ornv QIAOGS0EN pa-
KPOMVON €PEUVNTIKN €KOTPATEIA MOU OPYyavmVel WECA OTO
MoAuTexveio, apxilel va dpénel an’ TIG ENIOTNMOVIK®G ONuav-
-TIKOTEPEG XWpPeG Tou Koopou diebvn BpaBeia kal diakpioeig:

Ta npwTa Xpovia WETA TNV €yKATAOTAON-Tou oTnv EAAaGda,
kepdilel Tpia aAAendAAnAa BpaBeia an’ Tn American Society
of Civil Engineers. 'YoTtepa, dUo BpaBeia an’ Tig Ivdieg (an’ To
EpeuvnTikd IvoTITOUTO TOU MeEydAou edagopnxavikou Pra-
kash). 'YoTepa, €va BpaBeio an’ Tnv BpeTavikn Institution of
Civil Engineers. Katoniv, 3iakpioeig «Alakekpigévou OMIAN-
Th» an’ Tnv AyyAia, Tn FaAAia, kar Tnv Ianwvia — enaveiAnu-
MéVwG OE.

MoI6 NPpWTOTUNO EPEUVNTIKO £pYy0 Apaye BpiokoTav nicw an’
auTnv Tn Bpoxn Tng dieBvoug avayvwpeiong;

Méxpl onuepa:

170 enioT. epyaoieg o d1eBv NePIodika KUPOUG
330 avakoIvWoelg o€ ZuvEdpla
25 BiIBAia i kepaAaia BiBAiwv

Kai, To onoudaioTepo, o Mewpylog Mkalétag €xel TINNOEi pe
8.000 stepoava®opég atn diedvr) BiBAloypagia, evw Xapa-
K-TNpileTal Y TNV €PQAvV®G onavia TiPn Tou Aeyouevou “h-
factor” ion pe 46. Na To 'Nw KI AuTo: e O€KA ONUAVTIKA
d1ebvn egyxelpidia ESdapounxavikng kalr AVTICEIONIKNG, £XOUV
nepIAn@Oei aTdéPIEg o1 eMAUCEIG NPOBANUATWV MOU &XOUV
npoTaBei an’ Tov TINWHPEVO. Méoa aTo MoAuTexveio €xel d1da-
Ee1 6 JIAPOPETIKA HaABRANATA Kal EXEI Napayayel HEXpP! onuepa
20 nepinou J10akTOPIKA, €v® NApAAANAa Npoo@Eépel oTnv
Texvoloyia Tng Xwpag nolkiAeg unnpeoieg, w¢ Mpoedpog
EAANVIK®V EmioTnuovik®v Evwoswv, oG PEAOC Emmponmv
olvTa&ng Kavoviopwv, wg opyavwTig NARBoug Seuivapiny,
w¢ Epneipoyvopwv-AlaitnTng o diagopa peyaia dnuodaoia
£€pya, al\a kal wG MeAeTNTAG KAIVOTOMIKWV AUCEWV OF TEX-
VIKa €pya otnv EAAGda kail To EEwTepIkO.

QoT600, TO BpaBeio EEaipeTng MavenioTnuiakng AidaokaAiag
€1G HVAUNV =avBdénoulou-NveupaTikou, dev BpaBelel Tnv €-
MIOTAKOVIKNA dpIoTEId TV TIMWHEVWY KaBeauTryv. Mpopavmg
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TNV npoUnoBétel — dioTl dév voeiTal navenioTnuiakn dida-
okaAia TUNoOU <«PayvnToPWVOU» anAng HETAPOpPAg nAnpo-
@opIwV  OxI BERaia. To BpaBeio OPWG anoveueTal Ye KUPIO
KPITAPIO TNV IKAVOTNTA KAl TV APIEPWGCN OTNV ENIGTNHOVIKI)
AIDAKTIKA KaBeauTrnyv, oTov BaBuod PAAICTA MOU EMITUYXAVEI
va dnuioupynaoel ZXoAn Alavonong onoudaiwv Madntwv nou
0’ akoAouBroouv.

130U Aoinov Ta avTioTolxa Npoc auTd Ta Kpitrpia dedopéva,
oTa onoia oTnpixdnke n napywneei andépacn TnG Bpapeuong
Tou K. MNkaléta. Ta apuoBnkape an’ To nAndog Twv 50 nepi-
nou €nIOTOA®V nou JexBnKape, PE AENTOMEPEIG NEPIYPAPEG
Tou d1dakTIkoU n@doug Tou Mewpyiou MkaléTa, 6nwg To £INn-
oav NaAaidTePOI KAl TWPIVOI PoITNTEG ToU. Me TNV AdeId-0ag,
0a Eekiviiow an’ TIG Aueosg JIOAKTIKEC 1IKAvOTNTEG ToU TIHW-
pévou (unevBupitovTag paAioTa oTi, an’ TNV ETUHOAOYIKH TOU
dour, To pAua «dIdackw» onuaivel «kabioTw TI ApegTOV» —
kaipia unevupion vopilw):

a) Q¢ yvwoTtov, yépupa Maideiag sival To Zuvaiodnupa -
€101 JOvov B’ avoiel n kaTanakTn TNG NPoownIKOTNTAC
TOU padbnTn, Méoa o€ pia ayannTikn (apa kaTta HEyIoToV
ENIKOIVWVIAKM) aTuoopaipd.

Kpioeig EnioToAoypd®wv yia Tov TIHOUEVO: <«Aivel Tnv
wuyn Tou» (M.M.). «Me amnpi&g, evioxlovTag Tnv auto-
nenoidbnon pou» (A.K.). «Aydann kal BaBesid agooiwon
OTOUG (OITNTEG Tou», (A.0.). «Zuvdudlel To HUAAd evOog
Naykoouing avayvwpiouévou enioThpovd, He Tn xapd
TNG Ouvepyaociag/ena®ng He Toug @oitnTég» (Mi.Ma.).
«AI0BETINOG ONEG TIG PEPEG TNG BdoMAdAG Kal Twv dlaKo-
nov» (A.K.)...

B) H ék@paon Tou nNpo¢ HETAdOON YVWOIAKOoU aVTIKEINEVOU
Ba yivel BERaia péow Tng FA@ooag. Movov £Tal dnpi-
oupyeitTal n nNpodidbeon Kkal n PETABeON TOUu HABANATOG
an’ Tov eyKEPaAo Tou AdoKAAou oTov eyKEPaAAo Tou Ma-
onTn. H Nwaooa €ival kaipiog pecafmv naideiag - ki ag
Mf yivel anoye AOyog yia Tnv avaykn €UnEIPIKAG ano-
YPA®nG ToU noU BpIOKOUACTE €V NPOKEIYEVW. O MEwpyIog
Nkalétag, OPWG €ival YAWOC0-0TOXAOTNG KAl YAWCOOXEI-
pioThG. Evag opdTexvog Zuvadehpog Kabnyntng ypdoe:
«Eival evag gpydtng TnGg eAANVIKNAG €NICTAMOVIKAG YAWO-
oag pe emruyiav» (K.M.). Ki évag MetanTtuyiakdg napa-
Tnpei: «Mpoo@opd We TN OWOTH XPNON TNG €AANVIKAG
yAwooag» (K.A.).

Y) H HETAKEVMWON YVAOOEWV KATA TNV NPONTUXIAKH KUPIWG
di1daokaAia eival @aon Bepehindng. MpwTta Ba diaTedei
Mia npwTn UAN yvwoewv, napoloa YEoa oTn PVAWN Tou
MaénTr, kI UoTepa Ba aoknBei pia kpion. Kai, puaoika, o
Adaokalog npénel va Tn dIaBETel yepd AuThV TN yvwon —
va Tou «E&exelhiCel» Onwg AéPe. AloTi pia (KpUHHEVD €-
oTw) nanayaAia an’ Tov AdokaAo, Ba yevvroesl nanaya-
Aia Tou MaBntr. O£Aope AAOKAAO LE KOPECHO YVWOE-
V.

O lewpylog Mkalérag gaiveral nwg €dive apéowg Tn Pe-
BaidTNTa OTOV AKPOATH OTI AUTA Mou Afel «Ta &xel {n-
oei»! Kal Aéve ol akpoaTEG:

«Eivar dadokalog povadikoc» (E.T.). «Movadikd TaAévTo
va €€nyei OUOKOAEG €VVOIEG HE EVTEAWC QUOIKA napadei-
ydata», (A.MN.T.). «E€aipeTog emiotrpovac» (=.E.). «Eni-
TUyxavel Tnv akadnuaikr TeAeiotTnTa» (A.M.). «EEaipeTi-
KG uywnAd enioTnUOVIKO €ninedo, PE APECOTNTA KAl EV-
Bouclaopd, Tov oMnoio €xel To XApIoWa va METAPEPE!
oToug ZnoudacTég» (IM.K.).

8) Meipa kal Bewpia anodeikvUouV OTI N HETAKEVWON YV®-
oewv enTaxUveTal PJeyalwg €av o Mabntng odnynlei
oTadiakwg an’ Tov AdokaAo va avakaAunTel §ava Hovog
Tou TN JIaB£0IUN YVWOoN, HECW KATAAANANG HAIEUTIKAG.
‘ETo1, kK@i N VAN €VIOXUETAl, Kai n KpITIKA oTaon evap-
pUveTal - aAAa kai npdobeTa kivnTpa diavonTiKNAG IKa-
vonoinong xel o0 MabnTng.

Aoindv, ol NPOTEIVAVTEC TNV UNoWNn@IOTNTA Tou Mewpyiou
Mkaléta yia To PBpaBeio, nepiypapovrag Tov TpoOMo Tng
310a0KaAiag-Tou, avaPEPOUV OTI HEOW EPWTHOEWY oTadl-
aKkwG au&avopevng duokoAiag, Kavel Toug d1I0aoKONEVOUG
«va aigbdavovTal oTi odnyndnkav PovoI-Toug aTn Auan».
‘Evag de naAidg-Tou MeTanTuyxiakdg napatnpei ot «pag
wBoloe va napda&ouue Tn yvwon, Baciouévol oe 6oa
non &pape», (A.0.).

€) QoTdoo, n navenioTnpiakn didackaAia okonei Kaipiwg Kal
oTNV avanTtu€n Tou KPITIKOU nveUparog: O snioThpo-
vag O0&v gival «anoBnKeuTnG» yvWoewv  npenel va dia-
Kpivel 6nola opaiparta (dIka-Tou i TV AAAWV), HIAG KI N
Eniotiiun eivar Ava-kaluwn, dev eivalr And-kaluwn. H o€
avanTuén Tou KpITIKOU nveUpaTog €ival dIdakTIKWG duo-
XEPEOTATN — D&V €ival anAnf «UETAKEVWOAN» YVMOOEWV!

O1 MabnTég Tou Tlewpyiou kaléra, Tou avayvwpilouv
auTnV TNV €BIKA 1IKkavoTnTa: «Kabe dIaAeER-Tou ATaV pia
npoo®opad [...] avagopikd pe [...] Tnv avantugn Tng Kpi-
TIKAG-Hacg okewne», (K.A.). «H kaAAi€pyeia TNG KPITIKAG
IKavOTNTAG anoTeAEl NPwTAPXIKO okonod TngG didackaAiag
Tou, KaBwg anolnTa ouvexwg Tn dIaTUNWON AnopIVV Kal
diapwviwv» (MpoTeivavTeg).

oT)H avanTuén €peuvnTIKOU NVEUHATOG TWPA, €ival an’ Ta
akopa mod duokoAa kal XpovoBodpa eknaldeuTikd aiTrpa-
Ta - Kal PJAAIOTa pECA O evav MEPIYUPo TwV ZXOAEIwV
Mag nou dév O1aBETel NAVTOTE TA XAPAKTNPIOTIKA €VOG
KoAAgyiou Tou Kénunpitl.... H napaywyn véag enioTnuo-
VIKNG Yv@OoNnG anaiTei Tnv enioTpdteuon npdobeTwv dia-
VONTIK®OV Kal ouvaioonuaTtikwv PnXaviopgov - onwc Ba-
Be1a kaTavonaon, ouvdudoTIKN Qavtacia, EAeyxol Kal gu-
povn. Ki 6Aa TouTa «didackovTal» povov péow Mabnrei-
ag dinhka o’ evav Epeuvntr - Adokalo - evBappuvTh Kal
OUMMOPEUTH.

ZTOV TOMEA AUTOV, (PAIVETAl OTI O TIHWHEVOG JIaBETel Ta-
AavTtov napaywyng Epeuvntwv: “He has an extraordi-
nary enthusiasm in research and the capacity to transfer
it to the co-workers and the Students”, (S.L.), Aéel evag
&&vog Kabnyntng. Ki evag 'EAAnvag Kabnyntng npoobe-
Tel: «O lewpylog Mkalétag kKivnTonolei Toug KAaAUTEPOUG
POITNTEG YIa €PEUVNTIKA gvaoxoAnon», (X.r.). 'Evag de
naAidg  MPETANTUXIOKOG-TOU, €PEUVNTAG ONMEPA  OTIG
H.M.A., ypagel: «Mou WHETEdWOE TO NABOC-TOU yia TNV
€peuva», (M.I.). Ki evag 'EAAnvag Kabnyntng npooBeTer:
«0 ouvadeApog lewpylog Mkalétag [...] naBidleral kai
METAPEPEI AUTO-TOU TO dNUIOUPYIKO NABOC OTOUG POITN-
TEC ToUu», (K.M.).

¢) AMAa yia va avatpo@odoToUvTal Ta nponyoUlEva ouaTa-
TIKA TNG NAvenmioTnUIakng AIDAKTIKAG, anaiTeital ki n a-
vanTuén evog povidou nAaiciou oUAAOYIKAG KAANIEPYEI-
ag ™N¢ Emomiung. Eivalr autd nou ovopdlope otnv E-
nITPONN-Hag «dnuioupyia ZxoAng».

310 B€ua auTo gaiveral oTi 0 Mlewpylog Mkalétag apioTey-
€1: To emBeBaiwvouv ol npwnv MaénTég-Tou vUv Kabn-
ynTég MaveniotTnuiwv oto BoAo, otnv MNatpa, oto EMM,
oTto Dundee, oTo Caltech kai oTto Berkeley. Evw pia aiAn
KaBnynTpia ypagel otnv Emitponn-pag: «Oswpw OTI n
dnuioupyia piag Opadag, e yvwon Kai e aydnn yia Tnv
'Epeuva kai Tn Aidackalia, anotelei pid an’ TiIg onuavTi-
KOTEPEC OUMBOAEC Tou EpeuvnTr kal AaokaAou Mewpyiou
rkaléra» (E.K.).

H (Té600 onuavTiki yia To SUvoAo) nepinéteid evog aglou
navenioTnuiakoU Adokdalou, €xel iowg kI aAAo €va nmiBavo
anoTtéAeopa: H Zwn evog TEToloU eUBANuaTikol NPoownou,
evdéxeTal va yivel napadelypa yia aAloug (Aéue Twpa) - Ki
ox! Hovov oTnv Emiotrun aAAd otov Bio evyevel. M’ auTo kal
n npoknpuén Tou napdvTog PBpaBeiou avagEpeTal Kal o
dpacTnPIOTNTEG TOoU AdokaAou nou kaBioToUv Tov doITnTn
«KOIVWVOV ToU enioTnovikoU AOoug kal TG avidioTeAolg
avagAtnong Tng aAnBeiag». 'Ogov HEYAAOPPRHOVEG KI AV
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akouyovTdl auTtoi ol Adyol, noAAoi ano pag €xoue TNV ne-
noibnon oTi ouvioToUv npoUndBson TOU CUMEPEPOVTOG TOU
AaoU pag.

Ki o MkaléTag, v NPOKEINEVW

AUOKOAO va TekunpliwBoUV TETOIAC KaTnyopiag 1I310TNTEG Tou
Aaokahou. QoTd00, oTnV EniTponni-pag eépbacav Kal TETOIEG
evdeikeig yia Tov Mkaléta: Mwg A.x. 6Tav BpiokoTav oTo av-
TaywvioTikd M.I.T., a®IiEpwVE PPOVTIOEG Kal XPOVOV MOAUV
YId va CUUNAPACTEKETAI OE MIA CUMQOITATPIA MOU UNEPEPE
ano oxifoppéeveia (Z.Tpay.). 'H nwg apyoTepa wg Kabnyntnig
TNAEPWVOUOE MPOCWNIKWE OTA ONiTId TWV POITNTWV Yid va
PWTAEl «NWG 0a¢ PAVNKE N €knaldeuTIKn ekdpoun;» (I.X.).
KI evag aAhog @oitnTig digpwTaTal: «Ti anAdTnTa kai Ti pe-
Tplo@poouvn - onoudaiog avBpwnoc» (Me.Ka.). Ki evag ai-
AoC akopn: «EEaipeTog enioTApwY, napadsiyya npog pipnon.
KI evag ungpoxog avlpwnog, YENATog aiglodogia kal xapoye-
Ao - npdypa nou w¢ QOoITATAC-TOU HE €KAVeE va BAENw Ta
npoBAApaTa Pe pia TeAEiwg S1APOPETIKN ONTIKN ywvia. AUTOo
KI av anoTeAel napadeiypa», Aéel (M.2.). Kal pyia aAAn @ol-
TATPIA: «To OVOMA-TOU €ival Ndn ouvdedEPEVO PE UNODEIY-
Ma», (X.M.). Kal kat aAAo (€EaipeTikd ouci®dEG KaTa TNV
anown uag): «OTav sixape KATaAAWEIG, EWaxve HOVOG Tou
yla aibouaoa, yia va un xabei To paénua», (MN.Ka). Ki avti-
AapBavoparl oTi, o€ 'KEIVEG TIC WPEG TNG ANEPAvVTNG OUYXU-
ong, 0év xpelaldTav POVOV N gUPNUATIKOTNTA TONWV aAAd
kal kdnola yevvaia nenoibnon nepl Tou NpayuaTikoU CUPQE-
povTog Tou AdouU pag. daiveral Aoinov oTi €xope €dw va Ka-
VOUE HE MIa eupuTeEpa «e€aipeTn» didackaAia — pia di1daoka-
Aia BloTponiag. Ki enaAnBeleTal auTrh n evTunwon ki an’ To
d1eBVEC napadelypa dIdaKTIKNAG agoaiwaong nou divel o Mlewp-
yiog Mkalétag Péow Tou BeopoU TNG €TROIAG, AKPWG anaitn-
TIKNG, €KNAISEUTIKNG eKOPOMNG NoU opyavwvel oTo Kobe Tng
Ianwviag - Beopdg-napddelyya Tov onoiov akoAouBouv rdn
otnv Ianwvia (kabnyntng Takashi Tazoh, enioToAn 16.01.
2015) kar oro Northwestern University Tov H.M.A. (Ka®.
M.K. Yegian, enioToAn 08.04.2015).

AuTOV Tov AdokaAo TIHoUpe anowe EEoxoTate Kupie Mpoe-
dpe TNG EAANVIKAG Anpokpariag.

0.M. Taoiog
ZUvTopo Bloypa@iko Znpeiopa MNopyou Mkadéra

O Nwpyog Mkalétag eival KabnynTtig atnv =xoAn MoAITik®v
Mnxavikwv Tou EBvikoU MetooBiou MoAuTexveiou (EMIM). A-
no@oITog TNG 15iag ZX0ANG, €ival diIdAakTwp Tou TexvoAoyikoU
IvoTiToUTou Macoayxouooetng (MIT). To 1982 €EeAéyn TaKTI-
KOG KabnynTtrig oto EMN, onou eni 30 oxedov xpodvia dida-
OKEl KAAOOIKN Kal OEIOHIKR €3a®OounXavikn — BeUeNIOOEIC.
Exel d1da&el eniong w¢ kadnyntng (diapopwv Badbuidwv) oe
Tpia apepikavikd Maveniothpia kal €xel dWoel NoAunuepa
ogyivapia os Eupwnaika MavenioTrpia Kal os Ianwvika gpeu-
vNnTika IvoTirouTa.

To gpeuvnTIKO €py0 Tou KAAUMTEI EUPU PACHA TG YEWTEXVI-
KNG Kal OEIOUIKNG MNXAVIKAG, HE EUpaacn aTnv epappoyn Tng
KUMATIKNAG 0 oUvBeTa npoPAnuarta duvapikng aAAnAenidpa-
oNG OUCTNUATWV €3APOUG-BeUENiOU-KATATKEUNG, OTNV £MI-
vonon QUOIKAG-eNNVeUOEWE anAonoinuévwy HeBOdwY avTi-
ogiodikoU unoAoyiopoU, Kal oThv METAogsioWIKh digpelivnon
aoToXIWV ME OTOXO TV e€eixviaon napadofwv CUMNEPIPO-
pwv. Oewpei WOTOCO TNV MeYaAUTepn GUMBOAR Tou OTnVv
eAANVIKA ENICTAKN-TEXVOAOYIAQ TNV CUCTNMATIKN €(apuoyn
TWV EPEUVNTIKOV TOU EMITEUYNATWV O npaypatika £pya
NoAITIkoU pnxavikoU (gpayuarta, YEQUPEG, Alpavia, Karta-
OKEUEG), Kal TNV Npocoapuoyn-HETApopa TnG EUNEIpiag Tou
autng otnv didaockaAia. YnnpEe HEANOG TWV OUYYPAPIKOV
OMAdWV TWV AVTICEIOUIK®OV KAVOVIOP®WV aTtnv EAAGda (EAK),
Eup®nn (EC8) kai HMA (NEHRP).

MNa To €peuvnTIKO TOUu E€Pyo €xel AaPel moAudpiBua diebvr
BpaBeia and Tic HMA, BpetTavia, MaAAia, Ianwvia, Ivdia, Néa
ZnAavdia, kabwg kal Tnv Aiebvn Emornuovikr Enmitponn E-

dagopnxavikng. AvagépovTal : To BpaBeio Alfred Noble ano
KolvoU ano 5 Texvika EmpeAnmrpia Twv HMA, Ta BpaBeia
Huber kai Croes (Tou ZuAAoyou MOAITIKOV MNXavikav TV
HMA) kai ISET-SP (Tou ZuAAOyou AVTICEIGHIK®V Mnxavikwv
TnG Ivdiag). YnAp&s o €niAekTOG ONIANTAG TwV NpoBeBANUE-
vV OlaAéEewv “Coulomb” (2009) kai “Ishihara” (2013), kai
0 KEVTPIKOG OMIANTAG 0 dvw TwV 50 maykoopiwv Kal eAAn-
VIKQV ouvedpiwv. MoAU nio ungpi@avog OPwG ival yia Toug
noAudpiBuoug «3INAWUATIKOUG» Kal «dIdaKTOPIKOUG» (poITNn-
TEG TOU Mou Twpa dianpénouv aTov akadnuaikd kar snay-
YEAMaTIKO oTipo.
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“SYMMETRIC"”

MIA NEA NMPOZEITIZH AIAXEIPIZHZ
EPEYNHTIKQN FrEQTPHZEQN

H eTaipeia "K&A EMIMETPON E.M.E.”, A\auBavovTtag unoyn
TIC OUYXPOVEG anaitroeiG TNG ayopdc, OXETIKA PE TNV £peuva
Tou unedagoug Kal Tnv Alaxeipion Twv EpeuvnTikwv MFewTpn-
oswv, avanTtuEe pia kaivotopa Ynnpeoia Cloud Computing
ME TNV enwvupia “Symmetric”, n onoia diatibetar oTnv
I0TO0EAIDa TNG TAIpeiac www.epimetron.com.

To “Symmetric” anotelei Tnv povadikn €wg onpepa, Ynnpe-
oia Kataxwpnong, Ene€epyaciag kar Alaxeipiong Aedouevwv
EpeuvnTik®V MewTproswy YNeddgpoug, 0 Npayuariko xpovo,
ME xpnon Internet, npoopEpovTag oToug XPrOTEG TNG TA a-
KOAouBa nAeovekTnuara:

e OAIOTIKR) QVTILETWNION TOU AVTIKEIMEVOU TWV EPEUVNTIKWV
YEWTPAOEWY OXETIKA ME: a) TIG €pyacieg nediou kai Tnv
XPOVIKN napakoAouBnor Toug, B) Tn diaxeipion Tou npo-
oWnIKoU Kal TV KNXavnuaTtwy Kai y) Tnv dnuioupyia ava-
@opwVv (MnTpwo MewTpnong, NUePOAdyIo £€pyou, avagpopEg
npoodou, unouvNUAaTwy K.a.).

e AopaAeia xpnong dedouévwy Kal uloBETNONG pOAwV He Oi-
apopeTIka dikaiwuata - NMoAunapayovTikn Alaxeipion.

e Anpioupyia evonoinuévou NepIBAAAOVTOC  XpRAoNnG  Kai
Baong Asdopévwy.

e Augon NPOCcRaAcn TWV XPNOTWV OTA JEdOUEVA TWV EPEUVOV
ano onoudnnoTe KAl onoTeSNMNOTE.

Ta avwTEPW NAEOVEKTNAKATA NAPEXOUV 0agr NAEOVEKTAUATA
anévavTl oToV avTaywviopo d10TI e TNV Xpnong Tng Ynnpe-
oiac “Symmetric”, enituyxaverai:

e H BEéATIOTN duvaTn napakoAoUBnon kai diaxeipion Twv
noAAanAwv epyaciov nediou

e H Tunonoinon Tng nAnpogopiag kai n eAaxioronoinon Twv
AaBwv kaTaxwpnong

e MoAU onpavTikh €E0IKOVOUNON TOU XPOVOU Napaywyng Twv
anapaitnTwv avapopwy

e H avanTu€n 10xupnc ouvepyaciyoTNTAag o eviaio nePIBAA-
Aov xpnong.

e H agvan xpnon kai diaxgipion Tou cuvoAou TnG NANPo@o-
piag Twv EpeuvnTIK®V YEWTPHOEWV.

H Ynnpeoia “Symmetric”, aneubUveTal TOO0O O HEPOVWHE-
VOUG XPROTEG MOU acyxoAouvTal PE TOV X®POo Twv EpesuvnTi-
KOV YEWTPAOEWYV, ONwG MewAdyoug, MFewTeXVIKOUG Mnxavi-
koUg, MetaAAgloAoyoug MnxavikoUc K.d., 000 Kal Og 10IWTI-
KEG €PYOANMTIKEG KAl WEAETNTIKEG €TAIpeieq kal dnpOTIoOUG
KpaTikoUg qopeic nou diaxeipifovTal JEYAAOU OYKOU €pEUVN-
TIKG dedopeva.

H Ynnpeoia “Symmetric” anoteAsi pia véa npooéyyion nou
anAonolsi kal evonolei TNV Alaxeipion Asdouevwyv EpeuvnTi-
KOV FewTpioewv. DIA0do&ei va dwoel pia ouvoAikn AUon o€
pia ogipd and XpOVIEC UPIOTANEVEG NPOKANTEIC Kal NPoBAn-
HaTa nou undapyouv OTOV XWpPO.

MpokAnoeig kai npoBAnuara

O xwpoG TwV EpeuvnTik®V MewTproswyv xapakTtnpileTalr edw
Kal Xpovia and pia ogipa onUavTiIK@V NPokANOEwV:

e Ta dedopéva eival peyalou Oykou Kal anaitoUv akpiBeia
kal noAUnAeupn ene€epyaaia.

e H owotr kataxwpnon Twv dedopévwv NpoUnoBETel enioTn-
HOVIKN €NApPKEIa, ENAYYEAMATIKA €Unelpia kal eAayioTonoi-
non Aadwv.

e AnaiTeiTal n Tpnon Aiebvav Mpodiaypapwv Kai MpoTunwv
kabwg eniong kal n B€onion kavovwy Tunonoinong.

e Ta €pya Twv EpeuvnTik®V MewTpriocwv nepiAapBavouy éva
OUVOAO XPOVvoBOpwWY €pyacinyv, 181AiTEPOU KOOTOUG KAl
OUVENW®CG N Aueon eMPETPNON TOUG NMPOOQEPEI GNUAVTIKO
OIKOVOMOTEXVIKO NMAEOVEKTNUA.

e YNdpxel n avaykn APeong yvwaoTonoinong nAnpogopiov
NpPog NOAAOUG anodEKTEC.

e Ta épya anaoxoAoUv NoAudpiBPo NICTNHOVIKO Kal TEXVIKO
Npoownikd Kabwg Kal onuavTikoe aplBuod pnxavnuaTtwy, yia
Ta onoia anaiTeiTal n nUepnaoia napakoAoubnon TNg no-
peiag TwV €pyaciov Toug.

MePIOPICHOI AVTAYWVIOTIK@®V NPOoiovTwv

Ta avTaywvioTiKa npoiovTa nou undpyxouv oTnv ayopd xa-
pakTnpifovTal andé Ta akoAouba PEIOVEKTAKATA :

e MpoBARUATa Kal aocToxie¢ oTov €AEyXO KAl OTNV E€YKUPO-
noinon Twv JedOUEVWV.

e AMOCMAcKaTIKA avTIMET®MNION TWV aVayK®V ToU XWPou.

e Mapouaialouv SUCKOAIEG OTNV TUMOMOINKUEVN GUAAOYH NAN-
pPOoPOpPINV aneubeiag os Baoeig AcdOUEVWV.

e Anodidouv WIKpR onuacia otnv avaykn ouadikng epyaaciag
endvw oTa idia dedopéva.

e MgiovekTOoUV 0TnV anAdTnTa Kar ornv QIAIKOTATA WG NPogG
TOoV XpnoTn.

e Ta napaydpeva apyeia Toug, dev £XOUv WeEYAAn akpiBeia
Kal ouvnBwg dev ival og eNegepyaciun HOPPn.

e A€IAG BripaTa oTnVv UI0BETNON TWV JUVATOTATWV TWV VEWV
TEXVOAOYIWV Kal Tou Internet.

Mia véa npooéyyion - “Symmetric”

H Ynnpeoia “Symmetric’cival pia nAatgoppa Alaxeipiong
EpeuvnTikwv MFewTpnoswy n onoia:

e Evonolei kal an\onolgi Tov Tpono gpyaaiac.
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http://www.epimetron.com/

Mapéxel 10XupoUc EAEYXOUC KAl AUTOUATOMNOINTEIC TV WPa
nou Yiverar n kataxwpnon.

Eioayel apeoa Ta eleypéva dedopéva oe KaTAAAnAn Baon
AEJOUEVWV.

EniTp€nel TNV TAUTOXPOVN £pYAcia oPadwv XpnoTwy.

AlayelpiCetal  anapaitnta  dgdopeéva  npoownikoU  Kdl
pnxavnuatwv.

e Tunonolei, opgadonolei Kal eNPETPA APEDA TIG YEWTEXVIKEG
£pYaoiegC.

e Xpnoigonolei Ta yvwoToTepa cuotnuaTa (SI, US) kar Tig
Hovadeg Touc.

Mapdyel pe MPeydAn akpiBeia kal TaxUuTnTa anapaitnta
apxeia kal avapopég wg ensepyacipa apxeia Excel.

o 'Exel PIAIKO NepIBANAOV PE TNV Xprion €vog anhoU browser.

Aivel €upacn oTnv acpaisid TwV dOOUEVWV.

Eivar npooBdoiun and onoudrnoTe Kal onoTednnoTe HEOW
Internet.

e Xpnoigonolei TIG duvaToTNTEG OUYXPOVOU AOYIGHIKOU,
TEXVOAOYI®V alXunG kal Tnv duvaun Tou Cloud Computing.

'Exel HEYAAEG duvaTOTNTEG JIAAEITOUPYIKOTNTAG KAl EMIKOI-
VViag PE ETEPOYEVEIG NNYEG DESOUEVWY.

'Exel apBpwTn Kal EMNEKTACIKUN APXITEKTOVIKN MOU TOU €ni-
TpéNouv TNV enéktTacn npog cuvaen nedia (YOpoyewTpn-
oeig, Jet grouting, ANokAICIOUETPA K.Q).

XapakTnpIioTiKa

H unnpeoia “Symmetric”, 3iaBeTel povadika XapakTnpioTi-
k&, Ta onoia CUVONTIKA €ival Ta akoAouBa:

e KaTtaxwpnon kal ene€epyacia o nuepnoia Bacn, Tou ouv-
OAOU TwV JedOUEVWV TNG YEWTPNTIKNAG £peuvag (oToixeia
31aTPNONG, YEWAOYIKEG MEPIYPAPEG, NEPIYPAPH ACUVEXEI-
v, eni TONou JdokIuEG, doKIYEG dlanepaToTnTAg K.d.). Mg
Bdaon Ta oToixeia nou kataxwpoUvTal, dnuioupyolvTal Mn-
TPWA YEWTPAOEWV OE NpaypaTikd xpovo.

KaTaxwpnon kal enegepyacia NoOCOTATWY €PyacTnpIakwV
JoKIH@WV a) Katata&ng, B) NpoodiopIoPoU WNXAVIK®V na-
PANETPWY, €5APONNXAVIKAG Kal Y) BPaXounXavikng.

Alaxeipion Tou MpoownikoU Kal Twv Mnxavnuatwv nou a-
naoyxoAoUvTal Oc £€va €pyo €PEUVNTIKWV YEWTPNOEWV. Ka-
Taypapn wpwv €pyaciag kai anacxoAnong kai duvaroéTnTa
dnuioupyiag cUVBETWV NAPAUETPIKWV avapopwv avd £pyo,
katnyopia MpoownikoU, TUno MnxavnuaTtwv. Eniong u-
napxel n duvaroTnta dnuioupyiag ava@opwv Mpoddou.

e Ta dedopéva kataxwpouvTal Kal enegepyalovral oe EAAN-
VIKEG N Kal AYYAIKEG QOPUES KAl avaPOpEG, EVW 0 XPNOTNG
€XEl EMNPOCBETA Kal TNV duvaTtoTNTA £MIAOYNG TOU UETPI-
KoU OUCTAMATOC.

e AuToparonoinuévol €Aeyxol kal nAnBwpa epyaleinv nion-
ynong, €vtog TnG 10TooeAIdag, woTe va Tnv kabiora Tnv
xpron Tng 1diaitepa anAn, anogelyovrag Aadn dINAG-gy-
YPAPWV.

Ta avwTEpw XApakTnpIoTIKA diagoponololvTal avaloywg
TOU POAO Mnou €xel kaBopIoTei yia Tov XpnoTn Tng Ynnpeaoiag.
'EXouv uI0BeTnOei, Ye dIAPOPETIKA dIKAI®UATA, O POAOG TOU
AlaxeipioTtn, KataxwpnTr kal Tou EniokénTn.

EninpooBeTa, ol XpROTEG £XOUV TNV duvaTtdTnNTa XPNOoidonoi-
nong TNG NAQT@OPNAg yia AOYouG eniKoIVwvoUV PETAEU TOUC.

O1 ava@opeg nou dnuioupyouvTal anod Tnv Ynnpeoia “Sym-
metric”, cival oe enegepyaoiun popen (Excel), eved npofAg-
nerar n duvarotnTa dnuioupyiag akoua nepiooOTEPWY MNPo-
TUNWV avapopwv.

H kaTtaxwpnon kail n ene€epyacia Twv Asdopévwy PNopsi va
npaypatonoinBei pe xprion unnpeciov Internet and onoudn-
NoTe Kal onoTednMoTE, XAPaKTNPIOTIKO Hovadiko, anevavTi
OTOV avTaywviopo kai 191aiTepa Xpnoigo O €pya Heyaing
KAigakag, 6nou CUPMPETAOXEI ONPAVTIKOG apIOPOC EUNAEKONE-
VWV evOeXOMUEVA Kal 0 JIAPOPETIKEG XWPEG JETAEU TOUG.

H unnpeoia BacileTal oTNV €NITUXNHEVN MPOYPANHATIOTIKA
nAat@oppa Microsoft .NET, evw o diakopIioTnG Baong dedo-
pévwv (RDBMS) civar o SQL Server 2012. Agonolei Tig
duvaToTnTeg TNG TeAeuTaiag €kdoong .NET 4.5 kal 1diaitepa
EKEIVOU TOU HEPOUG TWV MPOYPAPHATIOTIKWV AEITOUPYIDV
nou agopda oc web nepiBaAlovTa kal kaAsitar ASP.NET, evw
EXEl YPAPTEI OTN YAWOOA NpoypapuaTioPou nou ovoudderal
C# .NET

(Enueiwon Ekd0Tn: H napandvw kataxwpnon sivar ocapwg
diaenuioTikh. Alapnuilel, OJwWG, €va NpwTonopiakd npoidv,
dnuioupynuévo and 'EAANVEG YewTeXVIKOUG EMICTHMOVEG, TO
onoio a&iel va To npoBAAouE.)
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NEA AINO TIz
EAAHNIKEZ KAI
AIEONEIz
FEQTEXNIKEZ ENQZEI2

ISRM

12th ISRM online lecture by Prof. Ove Steph-
ansson is now online

For the 12th ISRM Online Lecture the ISRM invited Profes-
sor Ove Stephansson and the title is “Rock Stress and
Stress Fields”. The lecture was broadcast on 12 November
and remains available in a dedicated webpage
(https://www.isrm.net/gca/?id=1104).

Ove Stephansson was born in the old mining town of Falun
Sweden. Since his retirement in 2002 as Emeritus Professor
at The Royal Institute of Technology KTH in Stockholm he
lives in Berlin. Presently, he's a Visiting Professor at GFZ
German Research Centre for Geosciences in Potsdam Ger-
many and belongs to the Section for Seismic Hazard and
Stress Field. All his academic degrees are from University of
Uppsala in Sweden. His PhD was about rock mechanics and
theoretical and experimental structural geology and was
supervised by Prof. Hans Ramberg.

In 1974 he was appointed professor of rock mechanics at
Luled Technical University and during 16 years taught Rock
Mechanics for mining students and developed rock mechan-
ics and its laboratory at the University in Luled. From 1991
to retirement he taught Engineering Geology to the civil
engineers at KTH in Stockholm.

He is the co-author of two textbooks on rock stress and
rock stress measurements. The first about measuring rock
stress together with Bernard Amadei at University of Colo-
rado Boulder, the second about the stress field of the
Earth's crust together with Arno Zang at GFZ. Other areas
of expertise are characterization of rock joints, mathemati-
cal modelling and geological disposal of spent nuclear fuel
and radioactive waste.

Prof. Stephansson's time with ISRM goes back to 1966
when he attended the 1st ISRM Congress in Lisbon. In
1991-1995 he served as ISRM Vice president for Europe
and over the years worked for several ISRM Commissions
including the Commissions on Rock Joints, Testing Methods,
Design Methodology, Crustal Stress and Earthquakes. He is
an ISRM Fellow since 2013.

Previous ISRM Online Lectures were given by Prof. Wulf
Schubert, Prof. John Hudson Dr. Pierre Dufaut, Prof. Edu-
ardo Alonso, Dr John Read, Prof. Herbert Einstein, Prof.
Shunsuke Sakurai, Prof. Resat Ulusay, Prof. Dick Stacey,
Prof. Jean Sulem and Dr. Nick Barton. All the ISRM Online
Lectures remain available on the ISRM website in a dedicat-
ed webpage.

3 D

ASSOCIATION ITA
INTERMATIONALE DES TUKNELS
ET DE LESPACE SOUTERRAN

INTERNATIONAL TUMNELLING
AND UNDERGROUND SPACE
AITES e

ITA just released the video presenting
tunnelling activities all over the world in 2015

This video presents the major tunnelling works in progress
in 2015 as well as some future projects:

https://www.youtube.com/watch?v=pxTW0dGskOM&featur
e=share
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ANAzKOIMHzH
FEFTONOTQN
FrEQTEXNIKOY
ENAIAGEPONTOZ
2THN EAAAAA

EAANnvikn EniTponn Znpayywv kai Ynoyeiov ‘Epywv
(E.E.Z.Y.E.)
AiaAe&n Giulia Viggiani

Tn AeuTtépa 30 NoeuBpiou napouciacdnke oTnv aibouoca ek-
dnAwoewv Tng MpuTaveiag Tou EMM n d1aAegn Tng Giulia Vig-
giani, ka@nynTtpiag oto MoAuTexveio Tor Vergata Tng Pwpung
Me B€pa: Evaluating the effects of tunnelling on historical
buildings: the example of Line C of Roma underground. ZT0
akohouBo link pnopeite va napakoAouBnoete Tnv SIAAEEN.

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

3 D

KATOAIZOHTIKA
®AINOMENA

EKAHAQZH
NAPAKOAOYOHZH
ANTIMETQMIZH

To Texvikd EnipeAnmnpio EAANGSog / Mepipepeiakd Tunua
KevTpikng Makedoviag dlopyavwae, Tnv 7" AekeuBpiou 2015,
nUEPIda  pE  TITAO  <KATOAIZOHTIKA  ®AINOMENA:
EKAHAQ>H - NMAPAKOAOYOHZH — ANTIMETQMIZH».

STOXOG TNG NUEPIdAg ATav va evnuepwOei To gupl TEXVIKO
KOIVO YIa TIG TPEXOUOEG €EeAIEeIC o BEPaTa nou agopolV TIG
KATOAIOBNOoEIG Kal Yéoa and npayuaTikd napadsiypaTta va
efolkelwBel pe nePINTWOEIC evOpyavng napakoAouBnaong
Kabwg kal PETPA AVTIHETWMIONG TOUG KAl anokaTaoTaong.

TA NEA THZ EEEEI'M - Ap. 85 — AEKEMBPIOZ 2015

H nuepida CUYKEVTPWOE €pyacieG and MPAYHATIKEG KATOAI-
oBnoeig nou ekdnAwBnkav oTnv nepioxn TnG Bopeiou EAAG-
do¢ kal Twv Ioviwv NNowv, ENIKEVTPWHEVEG OTNV €vOpyavn
napakoAoUBnon TOU (PAIVOUEVOU KAl OTA HMETPA AVTIMETWI-
ONG TOUC ONWG (PAiveETAl NApaKAT®:

«Métpa avripetwimiong KatoAloBioewv. H xpAon twv
TaoodAwv=- NeoTepeg e€eAiSeign.

Xp. Avayvwaoromoudos KaB. Mewreyv. Mnxavikng, Are

«Arayeipion aBeBaldTNTOS OTNV AVTIPMETWITION TWV
KaToAloBnoewv»

21. Tooroog Ouor. Kab. Mewrexv. Mnxavikrc, A©

«EkTipnon katoAlgBnTIKAG EMIKIVEBUVOTNTUS OE&
TEPIPEPEIOKK KA TOTTIKK KAipoaKa»

N. KArjunc Av. KaB. lewreyv. Topéa, AM©
AIGAEILO

«Alayeipion kKivéivou kaTtoAIoBfoewy Katd Prkog
odikwv afovwv. E@appoyn oTnv emapxiokn 056
Zeppwv-Naihid»

O. MNamraAidyxac Kab. AAeédvdpeiou TEI Oealvikng

«KarohioBnTikd Pavopeva oe meploxés Tng Mepipépeiag
Kevrpikng Makedoviag - Alepedvnon Twv ouvBnkwv
eKONAWONG TOUG KOl METPA ATTOKUTAOTOONG»

A. Kapaumartakng Ap. MM

«AOCTOYIEG TEXVNTWV TTPAVIDV=ETTIXWHATWVY Kal ToiXwV
avTIoTAPIENG amd gelgpous ota lovia Nnoia-Emmrrwoslg
oTo 031KO SikTUuO»

K. Makpa Epeuv. OAZTIHTZAK
M. Pogienc Epsuv. OAZTM-ITZAK

«KaroMoOnTikG @aivopeva otnv Eyvaria 086: diayvwaon,
AVTIMETWITION, TTapakoAoubnon»

E. Zakouprrévia MM Eyvaria O86cA.E
M. XapaAaumakne MM Eyvartia Od6c A.E.

«KatoAloBnTika Palvopeva oty weploxn K. Zxohapiou ng
Nepipéperag Kevipikng Makedoviag = Algpeuvnon Twv
ouvOnKwv eKSHAWOTG TOUG Kal HETPU QITOKATAC TACTIG»

N. KaliAne, T. 'ewAdyog, MSe
X. MNamaddrrovAog, MM, MSc
0. MNamadémovAog, Anuapxos Oépuns

OcepaTikég TapepPaoeig amd T. Autodioiknon kal @AAoug
popEic - culnTnon

AIAPKHE OMAAA EPFAZIAL TEE/TKM ANTIMETOQMIXHE @YEIKON
& TEXNOAOIMKQN KATAZTPO®ON 2TO AZTIKO MNEPIBAANON
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NMPOZ®OPA EPITrAzIAz

Chef d'Aménagement pour un transfert hydrau-
lique en tunnel

MoAITIkOG Mnxavikdg yia eni Tonou AielBuvon EniBAewng
KATAoKeUNG UdpauAIKnG anpayyag otnv AAyepia Kovta oTnv
noAn KwvoravTivn. O evdia@epOUeVOC NPENEl va EXEl EUNEI-
pia TouAdyioTov 20 xpovia OTOV TOPEA TWV HEYAAWV udpau-
ANKOV £pYwV, KaBWG Kal eniBAEWnc TOUAAGXIOTOV €VOC £pYOU
METapoOPAg kal piag onpayyag. AnapaitnTa: 4apioTn yvwon
yaAAikwv, Xpron H/Y, dinAwpa odrnynong. Acpaléc nepifai-
Aov, NoAU kaAég ouvenkeg dlapovhG-auTokivnTo-ao®daAion.
AnocoToAn Bloypa®ikol onuei®PAToC oTa YaAAlka: Ibensas-
son@enm.gr kal gdoulis@edafomichaniki.gr pe Tnv &vdeign
AL.08_CA.

Position : Chef d'’Aménagement pour un transfert hydrau-
ligue en tunnel

Localisation: Algérie Est - au chantier du projet.
MISSION

Seconder le Directeur de Projet du Client dans la gestion
technique, administrative et financiére du projet.

Avoir la diligence et la compétence nécessaire pour ré-
soudre les probléemes techniques du chantier de maniére a
ne pas perturber I'avancement planifié des travaux.

Veiller a I'application du contrat, au respect de la planifica-
tion des travaux de réalisation et a I'économie du projet.

PROFIL ET COMPETENCES

v Ingénieur dipldmé spécialisé dans le Génie-Civil

\ Expérience d’au moins 20 ans dans le domaine des
grands projets hydrauliques

V' Ayant dirigé au moins les travaux d’un transfert et d’un
tunnel en souterrain

v Maitrise du francais tant a l'oral qu’a I'écrit est impéra-
tive

V' Maitrise des outils informatiques
V' Permis de conduire valide
V' Expérience en Afrique du Nord un atout

AVANTAGES DU POSTE

v Logement meublé et équipé au chantier

v Voiture

v Assurance

Si vous avez de l'intérét pour ce poste on vous invite a faire

parvenir votre CV a l'adresse mail@enb.gr ou gdou-
lis@edafomichaniki.gr avec la mention AL.08_CA
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEIZ

Ma TIc NaAaIdTEPEG KATAXWPNOEIC NEPICTOTEPEG NANPOPOPI-
€C MnopoUv va avalntnbolv oTa nponyoUpeva TeUxXn Tou
«nepIodIKoU» Kal OTIG NapaTIBENEVEG I0TOOEAIDEG.

INSTRUMENTATION
QN‘IID MONITORING

15-16 March 2016, London, United Kingdom
https://monitoring.geplus.co.uk

Explore the strategies and technologies required to
safely and efficiently deliver projects.

Ground Engineering’s seventh annual Instrumentation and
Monitoring conference will give you the insight required to
improve how you specify, procure and use monitoring data
as well as making the connections to win future work. As
the industry moves towards the next generation of projects,
ensuring you have the knowledge of the latest practices and
techniques will prove more and more essential as the sector
continues to develop.

Customer Services: 020 3033 2609, Ilja.Ryndin@EMAP.com

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

International Symposium on Submerged Floating Tunnels
and Underwater Structures (SUFTUS-2016), 20-22 April
2016, Chongging, 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.rs2016.0org

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

3

INFRASTRUCTURE
R SUMMIT
SNGIN 2016

|

18 - 19 May 2016, London, United Kingdom

Preparing the industry to procure, design and deliver
future geotechnical work.

Ground Engineering is delighted to bring you a new and
exciting conference for 2016, The GE Infrastructure
Summit.

This new event for 2016 will bring together all stakeholders
involved in ground engineering for UK infrastructure to draw
lessons from work currently taking place in the transport,
energy and utilities sectors and discuss how to improve on
these schemes for future project design and delivery.

The event will provide delegates with the opportunity to
gain strategic insight from major clients on the geotechnical
challenges they face and technical knowledge on the indi-
vidual sectors within the infrastructure industry, through
breakout sessions.

The summit will bring together the whole geotechnical in-
dustry - clients, consultants, contractors, academia and
suppliers - to create a forum for discussion and sharing of
technical knowledge that will be vital to meeting the chal-
lenges posed by future infrastructure projects.

To receive a copy of the programme, please register your
interest or email Ilya.Ryndin@emap.com

o3

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

o3

UNDERGROUND
INFRASTRUGTURE &
DEEP FOUNDATIONS

23-24 May 2016, Doha, Qatar
oliver.osea@iqpc.ae

Delivering global insight and regional case studies for best
practice in constructing underground infrastructure and
deep foundations.
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Building on the strong foundations of the Underground In-
frastructure and Deep Foundations Qatar series, we are
pleased to announce its 6™ return for May 2016!

As you know there are many underground infrastructure
projects in the pipeline for Qatar. From the past 5 years we
have identified many challenges when developing under-
ground infrastructure.

This year we have highlighted that the main challenges for
Qatar are rising water tables, accuracy of geotechnical in-
vestigations and constructing tunnels effectively in an urban
environment.

The 6th Underground Infrastructure and Deep Foundations
Qatar conference aims to highlight methodologies and tech-
nologies that will combat these challenges and ensure the
timely, cost-effective and efficient delivery of underground
projects to create robust underground infrastructure.

So what can you expect from 20167

e Qatar Rail: Discover how Qatar Rail aims to integrate
the rail network with other pre-existing modes of
transport

e AECOM: Learn about the major challenges associated
with tunnel design and how they are overcome efficient-
ly with insights from Riyadh, Qatar, Dubai, Hong Kong
and Singapore

e Atkins: Address how to effectively manage the increas-
ing threat of groundwater on underground infrastructure
projects in Qatar

e COWI: Overcome the challenging performance of foun-
dations built within a karstic environment

With huge opportunities for infrastructure projects across
Qatar, this conference is the ideal place for existing players
and new market entrants to access critical project intelli-
gence.

For further information call +971 4 446 2742 or email oli-

ver.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 ge-
otechnical engineering, 26 - 28 May 2016, Nagoya, Aichi,
Japan,

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

3

11th HSTAM International Congress on Mechanics
May 27 - 30, 2016, Athens, Greece

Mini-Symposium
Computational Geomechanics from Micro to Macro
http://11hstam.ntua.gr

In comparison to other fields of mechanics, in geo-mecha-
nics the medium (soil) is composed of discrete solid parti-
cles and its voids may be filled by non-solid phase materials
(air and/or fluid). Despite its discrete nature, it is very
common in computational geomechanics that soil is simu-
lated via continuum analyses (with FEM or FDM) via em-
ploying constitutive models. Nowadays discrete analyses
(e.g. with DEM) are gaining ground due to an increase in
computational power, and even combinations thereof (e.g.
FEM-DEM) have been proposed.

From a more practical point of view, the use of soil as a
foundation material in civil engineering applications, makes
the problem of its simulation more complicated given the
interaction with the structure. Hence, on top, of the fore-
going discrete (micro-scale) and continuum (meso-scale)
simulations of the soil, macro-element simulations of the
soil-structure-interacting foundation element have also
been proposed, which are usually problem-specific (e.g.
macro-element for horizontal loading of piles).

The main challenge in the micro- and meso-scale efforts is
to promote accurate simulations dropping the usual simplifi-
cations (e.g. isotropy), at an acceptable computational cost
and without loss of user-friendliness. In contrast, the main
challenge in the user-friendly macro-scale efforts is to pro-
mote realistic simulations which are not problem-specific,
and go beyond a phenomenological approach.

This Mini-Symposium aims to bridge the gap between these
two paths of computational geomechanics, thus transcend-
ing from the micro-scale (of the grain) to the macro-scale
(of the civil engineering structure). To do so, it invites dis-
cussion and knowledge exchange from pertinent contribu-
tions on the following topics:

e Discrete-based modeling, on pre- and post-failure
behavior, particle shapes and size effects, dynamic be-
havior, bonding effects, fracturing, fluid-grain coupling,

¢ Continuum modeling, on stress-strain relations, multi-
phase modeling, fluid-flow modeling, dynamic behavior,
liquefaction, large strain formulations

¢ Macro-element modeling, for different loading condi-
tions (static, cyclic, dynamic), directions (translational,
rotational) and for various foundation types (piles, cais-
sons, etc).

Contact:

Hellenic Society of Theoretical and Applied Mechanics
(HSTAM)

National Technical University of Athens

Zografou Campus, Athens 15780, Greece
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e-mail: 11hstam@mail.ntua.gr
e-mail: vkoum@central.ntua.gr

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

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

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

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

v

BCRRA 2017

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

BCRRA 2017 Conference will cover aspects related to ma-
terials, laboratory testing, design, construction, mainte-
nance and management systems of transport infrastructure
focusing 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:

e Policies on the bearing capacity of roads, railways and
airfields

e Unbound aggregate materials and soil properties

e Bound materials characteristics, mechanical properties
and testing

e Traffic loading

e Field measurement techniques and analysis tools
e Pavement field evaluation

e Correlation of laboratory and field testing results

e Monitoring and assessment of roads, railways and air-
fields structures

e Geophysical methods for structural evaluation

e Pavement surface condition and performance assess-
ment

e Maintenance and preservation
¢ Reinforcement and rehabilitation design

e Analysis of Long-Term Pavement Performance (LTPP)
data

e Drainage and environmental effects

e Climate change, energy and sustainability

e Full scale testing (ALF, HVS)

e Emerging technologies

e Life cycle analysis

* Non-standard pavements

e Case histories of roads, railways and airfields

For any further information please visit the Conference
website or contact us at pavnet@central.ntua.gr.

o3

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

3

#/ICONHIC2016

Performance-based soil-structure interaction of
lifelines and infrastructure

A special session on “Performancebased Soil-Structure In-
teraction of lifelines and infrastructure is organized during
the International Conference on Natural Hazards and Infra-
structure to be held in Chania, Greece, 28-30 June 2016.
The Special Session focuses on recent advances in Perfor-
mance-based Earthquake Engineering with emphasis on
dynamically interacting soil-structure systems, such as
buildings, bridges, geotechnical structures, wastewater,
sewage and energy pipelines, port facilities as well as on
related infrastructure.

More specifically, it will encourage contributions on the
analysis, design and assessment of coupled SSI systems,
probabilistic evaluation and mitigation of seismic risk, fragil-
ity estimates at a component, structure and network level,
structural health monitoring and innovative techniques for
identifying the dynamic characteristics of flexibly supported
structures, new materials and techniques for active, passive
or natural (in-soil) isolation and for improving infrastructure
resilience, analytical, numerical and experimental identifica-
tion of dynamic SSI effects as well as optimum earthquake
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ground motion selection and generation for research and
design purposes.

It is envisaged that the Special Session will constitute an
interesting forum for researchers and practitioners at the
boundaries between geotechnical and structural engineer-

ing.

Please send contributions to: gerolymos@gmail.com, asex-
tos@civil.auth.gr & a.sextos@bristol.ac.uk

Further info iconhic2016.com

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

3

DEEP FOUNDATIONS INSTITUTE
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« Slopes, Slides ©
= and Stabilization

" August1-3,2016 | Westin Denver International Airport

OEEP Fo
© 91nps

DFI's Deep Foundations for Landslides / Slope Stabilization
and Tiebacks & Soil Nailing committees are organizing a
three-day event featuring lectures by industry experts on
current technologies, key design concepts and case histo-
ries that illustrate effective application of deep foundations
for stabilization of slopes and excavation support. Recent
and future projects will be presented that include challeng-
ing slope and landslide repairs and excavation support with
deep foundation methods. Equipment, material and instru-
mentation suppliers, contractors, engineers, and other ven-
dors will present their services in our Exhibit Hall. Commit-
tee meetings and exhibitor set-up are on day one with two
days of technical sessions following on days two and three.

Topics

e Case Studies

e History/Theoretical Background

e Design Considerations

e Quality Control and Inspection

e Long term Maintenance

e Corrosion Protection

e Innovative Applications and Techniques
e Practice-Oriented Research

For inquiries, contact DFI at:

DEEP FOUNDATIONS INSTITUTE

Landslides Seminar Organizing Committee

326 Lafayette Avenue | Hawthorne, NJ 07506 USA
Tel: 973-423-4030 | Fax: 973-423-4031 | Email:
events@dfi.org

3

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

3 D
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ISSMGE TC308 on Energy Geotechnics

ICEGE 2016
15t International Conference on
Energy Geotechnics
29-31 August 2016, Kiel, Germany
www.iceqg-2016.de

The ISSMGE TC308 on Energy Geotechnics is pleased to
announce the hosting of the 1° International Conference on
Energy Geotechnics ICEGT 2016 in Kiel (Germany) from
29" to 31 August 2016.

With the increasing energy demand and climate change
implications, the development of sustainable energy sys-
tems based on integrated schemes of energy production,
transport, and transfer as well as energy storage is of ut-
most importance. This issue is of increasing interest to the
research field of geotechnical engineering. The core of this
young research area focuses on new developments and
solutions for civil, environmental, and industrial applica-
tions.

With the establishment of the International Conference on
Energy Geotechnics, which will be hosted at Kiel University,
we want to provide a platform for interaction and communi-
cation among academic and non-academic parties from
different research areas.

Session Topics

The main topics/minisymposia of the conference ICEGT
2016 are:

e Carbon Sequestration

e Energy Geo-Storage & Geo-structures

e Urban Planning for Energy Geo-Systems

e Numerical Methods and Algorithms in Energy Geotechnics
e Gas Hydrate Sediments

e Shallow & Deep Subsurface Geo-thermal Systems

e Experimental Studies & Material Design in Energy Ge-
otechnics

e Natural & Hydraulic Fractured Reservoirs

o Nuclear Waste Deposits

e Geotechnical Challenges of Energy Infra-Structures
e Oil Sediments / Tailings

e THMC Behavior of Geomaterials

e Minisymposium "Thermo-active Foundations, Tunnels and
Earth-coupled Structures”, organized by Dietmar Adam,
TU Wien, Austria and Malek Bouazza, Monash University,
Australia
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e Minisymposium "Geomechanical = Characterization and
Modeling of Hydrate Bearing Sediments", organized by
Marcelo Sanchez, Texas A & M University, USA and Chris-
tian Deusner, GEOMAR, Germany

e Minisymposium "Trends and Challenges in Energy Geo-
technical Storage Systems and Materials", organized by
David M.]J. Smeulders, Eindhoven University of Technolo-
gy, The Netherlands and Sebastian Bauer & Frank Wuttke,
Kiel University, Germany

e Minisymposium "Shallow Geothermal Systems", organized
by Robert Charlier, Université de Liége, Belgium and Ber-
trand Francois, Université Libre de Bruxelles, Belgium

e Minisymposium "Geotechnics Risk and Items for Under-
ground Nuclear Power Plants", organized by Pierre
Duffaut, French Committee on Rock Mechanics

e Minisymposium "Geotechnics for Nuclear Waste Dispos-
al", organized by Enrique Romero, Universitat Politécnica
de Catalunya (UPC), Spain, Xiangling Li, European Under-
ground Research Infrastructure for Disposal of Nuclear
Waste In Clay Environment (EIG EURIDICE), Belgium
and Paul Marschall, Nationale Genossenschaft fir die
Lagerung Radioaktiver Abfalle (NAGRA), Switzerland

ICEGT 2016 Secretariat

Phone: +49 - (0) 431 - 880 1976
Fax: +49 - (0) 431 - 880 4376
Email : secretary@icegt-2016.de

3

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

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

The World Multidisciplinary Earth Sciences Symposium-
WMESS 2016, 5-9 September 2016, Prague, Czech Republic
www.mess-earth.org
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15t World Conference. Saint Petersburg
Underground Urbanisation as a Prerequisite for
Sustainable Development

September 12-15, 2016
http://acuus2016.com

The 15 World Conference of the Associated research
Centers for the Urban Underground Space will be held
in Saint Petersburg, September 12-15, 2016. The main
theme of ACUUS 2016 is Underground Urbanisation as a
Prerequisite for Sustainable Development.

ACUUS Conference is the worldwide event in the field of
underground construction. This Conference has been held
for the last 30 years in different cities at the highest level.
ACUUS 2016 will serve as a platform for recognized experts
in the field of underground urbanism, investors, representa-
tives of the authorities and public organisations.

The ACUUS conference series has been held previously in
Sydney (Australia, 1983), Minneapolis (USA, 1986), Shang-
hai (China, 1988), Tokyo (Japan, 1991), Delft (The Nether-
lands, 1992) , Paris (France, 1995), Montreal (Canada,
1997), Xi'an (China, 1999), Turin (Italy, 2002), Moscow
(Russia, 2005), Athens (Greece, 2007), Shenzhen (China,
2009), Singapore (2012), Seoul (2014).

The main topics of the Conference are:

1. Urban planning of underground space for comfort living,
historic centers preserving, improving environmental
situation.

2. Progress of geotechnical surveys for planning under-
ground space development, importance of geotechnics
and hydrotechnics for the choice of engineering and de-
sign solutions.

3. Symbiotic relation between ground urban development,
underground infrastructure and nature for creation of a
single landscape, aesthetic and comfort of underground
structures.

4. Underground metro systems, transport tunnels, inte-
grated interchange hub as a prerequisite for regional
development and securing comfort and safe conditions.

5. Underground structures in permafrost, shelf zone devel-
opment. Energy efficiency of underground structures.

6. Advantages of underground construction for safety and
preventive measures from natural disasters.
Environmental management and improvement of the
environmental quality.

7. Trenchless technology, the role of the underground utili-
ty lines in integrated urban underground space devel-
opment.

8. Strengthening the investment appeal of underground
structures by improving legislation and public-private
partnership principles and harmonizing technical regula-
tions.

9. State-of-art technologies, equipment and construction
materials that are currently in use for underground in-
frastructure development.

To receive information for the Conference please contact
the Secretariat via e-mail at info@acuus2016.com.

o3

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

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

3
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ACE 2016

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

12th International Congress on Advances in Civil Engineer-
ing (ACE2016) will be held in Istanbul, Turkey, September
21-23, 2016. This event will provide an excellent oppurtuni-
ty for the participants from around the world to meet, ex-
change new ideas and share knowledge, interests and expe-
riences while enjoying the magnificent city of Istanbul.

The traditional ACE Congresses have been hosted every two
years by one of the organizing universities: Bogazigi Univer-
sity, Eastern Mediterranean University, Istanbul Technical
University, Karadeniz Technical University, Middle East
Technical University and Yildiz Technical University, with the
support of Turkish Chamber of Civil Engineers.

ACE 2016 will be a venue for researchers and experts to
present and discuss the recent progesses in all fields of civil
engineering. In addition, well known experts will be deliver-
ing keynote lectures, presenting the state-of-art in their
field of research. The conference will provide a great oppor-
tunity to get together the civil engineering community to
share recent advances and cutting edge developments.

TOPICS
e Coastal Engineering

e Environmental Engineering

e Construction and Project Management
¢ Mechanics

e Geotechnical Engineering

e Hydraulics and Groundwater Engineering
o Construction Materials

e Structural Engineering

e Transportation Engineering

Organizing Secretariat

DDEKON

CONGRESS & TOURISM

Yildiz Posta Cad. Akin Sitesi 1. Blok No: 6 K: 1 D: 3 Besiktas
/ Istanbul

Tel: +90 212 347 63 00 - Fax: +90 212 347 63 63

E-mail: secretariat@ace2016.org

Web: www.dekongroup.com

3
EuroGeo 6 - European Regional Conference on Geo-
synthetics, 25 - 29 Sep 2016, Istanbul, Turkey,
WWW.eurogeob.org
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8th Nordic Grouting Symposium
State of the art - Future Development
26-27 September 2016, Oslo, Norway
http://nordicgrouting.com

The Norwegian Group of Rock Mechanics (NBG) and the
Norwegian Tunnelling Society (NFF) have the pleasure to
announce that the 8™ Nordic Grouting Symposium will take
place 26-27" of September 2016. The symposium will be
held at Radisson Blu Scandinavia Hotel in Oslo, Norway. We
hereby invite our Nordic colleagues to present papers, ex-
change experiences and discuss the latest development in
Rock Grouting amongst like-minded.

Rock Grouting has a long history starting with dam con-
struction and rehabilitation to challenging ground improve-
ment for mining, tunnelling, rock mechanics and environ-
mental remediation. Rock grouting is typically performed to
reduce the hydraulic conductivity of, or more appropriately,
across a rock mass by injection of grout into the rock’s
joints and fissures.

The Eight Nordic Symposium on Rock Grouting will have
special focus on mechanisms, theories, and practical appli-
cations of grouting for permeability reduction into under-
ground structures and groundwater cutoffs. We are particu-
larly anxious to elaborate on the latest news on grout tech-
nology and future development. As the symposium is Nor-
dic, it will also reflect basic cultural differences between
pure theoretic science and pragmatic empirical differences.

Subjects for the Symposium

e (ase studies, recent Nordic projects, and international
hard rock projects / examples

e Grouting approach and strategy

e Properties - materials, rock mass, accessories and
equipment

e Groutability / Grout penetration
Grout pressure

Development potential - equipment, software, docu-
mentation and analysis

3

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

o3

2"4 International Specialized Conference on
Soft Rocks — ISRM 2016
Understanding and interpreting the engineering
behavior of Soft Rocks
6-7 October 2016, Cartagena, Colombia
Www.scg.org.co/?p=1634

Contact Person: Mario Camilo Torres Suarez

Address: Calle 12C, No. 8-79 Of. 512
Telephone: +57 1 3340270
Fax: +57 1 3340270

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

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

10th ICOLD EUROPEAN
CLUB SYIg/IPOSIUM

EXHIBITION
25-30 OCTOBER 2016 ANTALYA / TURKEY
http://trcold.com

The International Commission on Large Dams (ICOLD) An-
nual Meeting was held in Antalya in 1999. In 2009, Istanbul
hosted the 5" World Water Forum. In October of 2016 the
10™ ICOLD European Club Symposium will return to Turkey
and will be hosted in Antalya, once again between the 25%
to the 30 of October 2016.

Under the sponsorship of ‘The Ministry of Forestry and Wa-
ter Affairs’, and in cooperation with the ‘The State and Wa-
ter Affairs General Directorate (DSI)’, and ‘The Turkish Na-
tional Committee of the International Commission on Large
Dams (TRCOLD)’ we hope to organize ‘The 10" ICOLD Eu-
rope club symposium’. With this cooperation, we aim to
shed the light on the issues related to the main theme of
ICOLD "Sustainable Development for Dams” andachieve the
results we need.

The Symposium will cover subjects such as, design and
construction of hydroelectric dams, Safety of Dams, Reha-
bilitation and Monitoring, Risk Management in building
dams, and hydroelectric dams and the socio-economic and
environmental aspects. In addition workshops regarding
topics such as, geomembrane applications, measuring in-
struments in dams, waste dams, electromechanical and
hydro mechanical equipment will be organized. This is in
order to provide the latest technological updates to the par-
ticipants.

During the symposium, technical presentations and semi-
nars will take place and a technical exhibition will be orga-
nized. Moreover, a special program will be arranged to in-
clude technical trips to projects near Antalya, in addition to
trips to nearby cultural, historical and touristic sites.

The following 4 main subjects will be discussed during the
Symposium:

Dam Rehabilitation

Financing of Dam Projects

Environmental/Social Impacts & Climate Change
Dam Safety

The theme of the Symposium is foreseen as “Dams for
Sustainable Development”.

Contact:

Devlet Mahallesi , Inonu Bulvari No: 16 Cankaya / ANKARA
-TURKEY

PHONE: +90 312 454 54 54

e-mail: info@trcold.com

Fax: + 90 (312) 454 55 05
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GeoAsia 6 - 6 Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704

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

3

TBM DiGs
Istanbul 2016

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

The first International conference on “TBM DiGs in difficult
grounds” was held in Singapore with a great success in 18-
20 November. The permanent committee decided the se-
cond conference in this series to be held in Istanbul in 16-
18 November 2016 by Turkish Tunnelling Industry and the
third in China.

Turkey has a great potential of Tunnelling and in the near
future it is planned to spend 35 Billion USA dollars in Tun-
nelling in Turkey. It is expected that TBM Tunnelling will
have a big share within these activities. The geology of Tur-
key is very complex including North and East Anatolian
faults, tectonic activities and shear zones, rock and soil
mixed and interfaced grounds, spalling and bursting rocks,
squeezing and swelling grounds, blocky and highly fractured
rocks and grounds under high in situ stress and water pres-
sure and gassy rock formations. Improvement and optimi-
sation of TBM’s performance in those difficult ground condi-
tions require good scientific understanding, innovative tech-
nology development and good engineering practice, that
involve tunnelling and geotechnical engineers, designers
and contractors, TBM manufacturers and material suppliers,
and researchers.

TBM DiGs (Tunnel Boring Machines in Difficult Grounds) is
planned to be an international conference series to provide
a specialised technological forum discussing and exchanging
knowledge related to TBM works in difficult grounds. The
conference plans to cover a wide range including characteri-
sation of difficult grounds, field observations and case stud-
ies, physical and laboratory tests, numerical modelling and
techniques, treatments of difficult grounds, TBM design and
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installation, tunnel support design, monitoring and risk
management.

General Topics of Symposium

Tunnel Project Designing

Site Investigations

Management

Health and Safety

Performance Prediction and Analysis
Ground treatment

Risk Analysis

Segmental Lining and Support Design
Chemical Additives

Case studies

Instrumentation and Monitoring
Backup Systems

New Technologies

Other (topics will be considered)

For all queries regarding TBM DiGs, please contact:
TBM DiGs Conference Secretariat
Email: contact@tbmdigsturkey.org
Post Address:

TBM DiGs Turkey Conference

c/o

Istanbul Technical University (ITU)
Faculty of Mines

Mining Engineering Department
Ayazaga Campuse

34469 Maslak, Istanbul, TURKEY

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

The Organizing Committee of SUFTUS -2016 is pleased to
announce that the International Symposium on Submerged
Floating Tunnels and Underwater Tunnnel Structures (SUF-
TUS-2016) will be held in Chongqing, China during 16-18
December 2016.

Submerged floating tunnel (SFT), also called Archimedes
Bridge (AB), belonging to the category of underwater struc-
ture, is a kind of floating transportation passage which is
submerged underwater to bridge water banks. As an inno-
vative transportation technology, SFT will become attractive
in competing with traditional techniques due to its economic
and environmental advantages. However at the present
time, there is still not an actual SFT being built in the World.

The First International Symposium on Archimedes Bridge
(ISAB-2010) was held in Qiandao Lake, China during 17-20
October, 2010. In the past 6 years, new theory and new
technology about SFT and underwater structure were de-
veloped. The aim of SUFTUS-2016 is to provide a global
forum for scientists, engineers and technicians around the
world, who are involved or interested in researches and de-
velopments on the innovative technologies of SFT and un-
derwater structure, to share their research progresses and
conceptual design advances, so that to discuss and improve
the challenging issues of SFT and underwater structures.

Main Topics

Conceptual design

Prototype strategy and design
Underwater tunnel

Applicability and key technical indexes
Dynamic response to hydrodynamic loads

Dynamic response to seismic, tsunami and other acci-
dental loads

Connections and foundations

Materials selection and resistance
Structural analysis and safety assessment
Environmental and economic assessment
Construction and installation

Lighting and ventilation

Escape and rescue

Other related topics

3

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

3
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World Tunnel Congress 2017
Surface problems - Underground solutions
9 to 16 June 2017, Bergen, Norway
www.wtc2017.no

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

3

TA NEA THZ EEEEI'M - Ap. 85 — AEKEMBPIOZ 2015

ZeAida 43


mailto:contact@tbmdigsturkey.org
http://www.cmct.cn/suftus
http://www.saimm.co.za/saimm-events/upcoming-events
http://www.wtc2017.no/

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

Contact Person: Prof. Petr Konicek

Address

Studentska 1768

708 00 Ostrava-Poruba

Czech Republic

Telephone: + 420 596 979 224

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

GeoMEast2017

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

On behalf of the Organizing Committee, we are pleased to
invite you to attend the GeoMEast 2017 International Con-
ference to be held in Sharm Elsheikh, Egypt from July 15 to
19, 2017. The GeoMEast SERIES is managed by SSIGE and
supported by a number of leading international professional
organizations.

Recent rapid construction in Egypt and the Middle East has
provided great opportunities for bridge, pavement, geo-
technical, geological, tunnel and all engineers to use their
knowledge and talents to solve many challenging problems
involving highways, bridge structures, pavements, materi-
als, ground improvements, slopes, excavations, dams, ca-
nals and tunnels with innovative solutions and cutting-edge
technologies.

GeoMEast 2017 will provide a showcase for recent devel-
opments and advancements in design, construction, and sa-
fety Inspections of transportation Infrastructures and offer a
forum to discuss and debate future directions for the 21st
century. Conference topics cover a broad array of contem-
porary issues for professionals involved in bridge, pave-
ment, Geomechanics, geo-environmental, geotechnical,
geosciences, geophysics, tunnel, water structures, railway
and emerging techniques for safety inspections. You will
have the opportunity to meet colleagues from all over the
world for technical, scientific, and commercial discussions.

Technical Themes

Geotechnical, Geological, Geoenvironmental and Geo-
synthetics

e Geotechnical, Geoenvironmental and Earthquake Geo-
technical Engineering;

e Soil and Rock Mechanics, Geomechanics, Mining, and
Geological engineering;

Geosynthetics and Reinforced Soil Retaining Structures;
Behavior, Identification and In-situ Test Methods for Site
Characterization of Soils, and Lateritic, Problematic, Col-
lapsible, Swelling, Soft, Sabkha and Uncommon Soils;

e Design and Quality Control of Earth Structures and Sub-
grades;

e Soil Stability and Landslide, Ground improvement and
Seismic Hazards;

e Soil-Structure Interaction, Advanced Analysis of Shallow
and Deep Foundations, Foundation Failure and Repair,
andMicroPiles and its innovative applications;

e Computational Mechanics, Innovative Soil Models, Dis-
crete Element and Boundary Element Modelling, Meso-

scale Modeling, and Advanced Numerical and Analytical
Analyses;

Physical Modelling in Geotechnics;
Saturated and Unsaturated Soil Mechanics;
Oil and Gas, and Petroleum Geotechnical Engineering;

Geosciences, Geomatics, Geoinformatics, Geophysics
and Global Hazards.

Sustainable Infrastructures

e Structures and Bridges Engineering: Advanced Anal-
ysis of Structures; Non-Destructive Evaluation; Inspec-
tion Technologies; Structural Health Monitoring; Remote
Monitoring of Structures; Scour Assessment; Seismic
Design Issues for Bridges, Super Structures and Under-
ground Structures; Design Methods and Materials, Inno-
vative Repair Methods and Materials, Durable and
Sustainable Designs, Innovative Materials, Advances in
Foundation Design/Construction, Accelerated and/or
Performance Based Design/Construction, Aesthetics and
Environment; State-of-the-Arts and State-of-the-Practi-
ces on Bridge Design, Construction and Maintenance;
Special Foundation Treatment and Settlement Control
Technology.

e Tunneling Engineering: Tunnel Management and In-
ventory, Monitoring and Settlement Control; Emerging
Technologies, Lining Design & Precast Segment Advanc-
es; Innovation in Tunneling Design, Construction, Re-
pair, Rehabilitation; Fire & Life Safety, Vulnerability &
Security; Tunneling in Soft Ground, Ground Conditioning
and Modification; Advanced prediction technology of
tunnel construction geology; Deep excavations and ur-
ban tunneling.

e Pavement Engineering, Airports and Advances in
Pavement Techniques: Airfield pavement analysis, re-
habilitation and performance; Recycled Asphalt Pave-
ment; Pavement Design, Modeling, Performance Evalua-
tion, & Management; Sustainable Long Life Pavement;
Ground Improvement, and Chemical/Mechanical Stabili-
zation for Pavement and Geotechnical Applications;
Moisture Damage in Asphaltic Concrete Materials; Pave-
ment Foundations: Modelling, Design and Performance
Evaluation; Geotechnical Properties and Their Effects on
Portland Concrete Pavement Behavior and Performance;
Warm Mix; Rehabilitation strategy selection and preven-
tative maintenance treatments; Accelerated Testing of
Pavement Structures and Materials; Material, Design,
Construction, Maintenance and Testing of Pavement;
Asphalt Binder and Mixture Characterization; Construc-
tion and Rehabilitation of Jointed Concrete Pavement,
Reinforced Concrete Pavement, and Continuously Rein-
forced Concrete Pavement; Bridges Deck Pavement;
Stabilization, Recycling, Foamed Bitumen and Emul-
sion, Granular Materials; Roadway Widening; Asphalt
Mix-Design, HMA; Testing & Material; Property Charac-
terization.

e Transportation Engineering: Highway Pavements:
Design, Materials, and Construction; Transportation Op-
erations and Safety; Advanced Technologies, Infrastruc-
ture Systems, Intermodal Transportation, Planning, and
Development; Rail and Transit; Aviation

e Railroad and Railway Engineering; Railway and Rail-
road Track Substructure; High Speed Rail System;
Seismic Design for Railway and Roadway Structures;
Economics of Railway Engineering and Operations;
Structures, Maintenance and Construction; Innovative
Procedures and Precautions; Long Term Pavement Per-
formance Contest; BIM and Contract Administration.

e Dams Engineering, Canals and Levees, Irrigation
and Water Sources and Structures, and Ports, Off-
shore and Marine Technologies.
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e Smarthome, barrier-free building and reconstruct-
ing.

Climate Change and effects on Infrastructure

e Sustainability and Energy Engineering;

e Environmental and Waste / Sediment Manage-
ment, Characterization, Treatment and Re-Use;

e Energy Geotechnics and Geo-Energy Infrastruc-
ture.

e Materials Engineering, Nanotechnologies, Advanc-
es in Composite Materials, Climate-Friendly Tech-
nologies, and Damage Mechanics.

e Structural Health Monitoring, and Sustainable
Construction Technologies;

e Advanced Analysis for Sustainable Design.

e Worldwide innovative procedures and precautions
for the Design;

e Building Information Modeling (BIM), Building and
Construction Engineering, Project Management,
and Contract Administration; and

e Sustainable Infrastructure: Current and Projected;
Financing Infrastructure Projects; Cross-cutting Issues;
Materials, Tools, and Methodologies; Innovation; Sus-
tainability and Competitiveness; Risk, Resiliency, and
Adaptation to Climate Change; Sustainable Cities; Sus-
tainability, Society and Culture; Envision™ and Other
Rating Systems; Special Topics on Middle East Urbaniza-
tion.

Send vyour queries to: Info@GeoMEast2017.org, In-

fo@SSIGE.org, or Call: +201110666775, +201005575815

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

AfriRock 2017
1st African Regional Rock Mechanics Symposium
2-7 October 2017, Cape Town, South Africa

Contact Person

Raymond van der Berg, Head of Conferencing

Address: SAIMM, P O Box 61127, Marshalltown 2107
Telephone: +27 (0) 11 834-1273/7

E-mail: raymond@saimm.co.za

GeoAfrica 2017

3rd African Regional Conference on Geosynthetics

9 - 13 October 2017, Morocco

3

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

3 D

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

o3

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

o3

.
N !"

WTC 2018
Dubai

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

3
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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

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

3

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

Roo

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

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

The 15.4km Ceneri tunnel is part of the Alp Transit scheme

Completion of running tunnels for London’s huge Crossrail
scheme was a major highlight this year, as the last of eight
Herrenknecht TBMs (tunnel boring machines) broke through
in May, meaning that 21km of new twin bore tunnel has
now been threaded through complex cluttered ground be-
neath Britain’s capital.

The last TBM, Victoria, completed one of two parallel 8.3km
bores from the east to Farringdon Station in central London
- the longest drives. Six 7.1m diameter EPBs (earth pres-
sure balance) worked on the project which also used two
slurry type Mixshields for a crossing under the River
Thames. Work to dismantle Victoria began in the summer.

The tunnels are the central element of the overall £14.8
billion (€20.5 billion) project which forms a new 118km long
link from the east to the west of London. There are ex-
pected to be 200 million passengers annually.

Work continues on station caverns, primarily with spray
concrete methods, and fitting out for both stations and rail.
Trains are due to run at the end of 2018.

London’s tunnellers have another project to occupy them -
the huge £4.2 billion (€5.8 billion) Thames Tideway inter-
ceptor, a 25km long sewage overflow storage and transport
tunnel, 7.2m diameter running up to 65m deep, mostly
underneath the river. It will eliminate storm overflow into
the river from 34 existing sewers.

The seven-year construction starts next year, overseen by
specially-created independent company Balzagette Tunnel
for utility company Thames Water. Contractors selected
include major European firms BAM Nuttall, Ferrovial Agro-
man, Balfour Beatty, Costain and Vinci Construction.

Second largest

The second largest project in Europe is the Stuttgart 21
underground station and rail scheme in Germany, and the
associated Stuttgart-Ulm high-speed rail project, both of
which involve multiple tunnels. Taken together, they are
costing around €10 billion. Both are now significantly into
construction after years of controversy and protest.

The city project is building a new central station, under-
ground in the heart of the city, with eight tracks running at
90° to the orientation of the 15-platform existing station.
The client, Deutsche Bahn, said that despite fewer lines, the
through nature of the station was quicker and faster than
the existing in-out terminus, which funnels into just five exit
lines.

The project involves reconfiguring local and regional lines
with a series of radiating soft ground tunnels in the city,
which is enclosed by hills on three sides. Complex work is
needed beneath buildings and a river crossing.

There is also a new high-speed rail link running out south-
east through the largest of the tunnels, the 9.5km hard rock
Filder tunnel which is currently being driven.

Austrian contractor Porr is working from the southern por-
tal, using TBM drives and a central 1.5km long section of
drill and blast. The drill and blast is needed to pass through
anhydrite Keuper gypsum which must be kept dry to avoid
expansive reaction with water which could trap a machine.
Special water seals have to be installed around the tunnel
bores.

Work on the first bore began in autumn last year using a
10.82m Herrenknecht multimodal machine, in EPB mode.
Spoil goes to the surface with a Swiss Agir conveyor for
immediate loading for truck disposal from a tightly con-
strained worksite. To save space, segments arrive on a
just-in-time basis by train from precast works operated by
contractor Max Bogl near Berlin.

The first 4.5km is just finished, and the TBM is being dis-
mantled and moved to the portal for a parallel drive begin-
ning next spring. Atlas Copco rigs are starting the centre
sections. After its second drive the TBM will be hauled
through the conventional sections for two more drives at
the far end.

At this city end, meanwhile, large NATM (new Austrian tun-
nelling method) caverns are being made for the TBM recep-
tion and turn, and for link tunnels into the station. Sophisti-
cated compensation grouting is needed to stop the settle-
ment of buildings above the tunnel. Specialist consultant
Professor Walter Wittke is advising on the tunnel and this
work.

Five tunnels

He is also working on the high speed link to Ulm, which
continues from where the Filder finishes at the airport with
another 60km of new line. Some five major tunnels are
required, several in construction for the last three years.

The biggest are under the Schwabian Alps, a highland na-
tional park where two tunnels, totalling 14km take the line
upwards and another, the 5.5km long Albabstieg, descends
into Ulm.

Difficult karstic limestone and squeezing conditions are be-
ing tackled for the first ascending tunnel — the Bossler. Part
of this is driven by an 11.3m Herrenknecht TBM, while the
remainder is using drill and blast methods. The same Porr-
led joint venture is doing this work.

It has also just completed the 4.8km long Steinbuhl tunnel,
which continues the upward climb after a 485m bridge over
a narrow valley. Despite further difficult karstic limestone
sections, this twin bore has gone well and breakthrough
was due to be celebrated on 6 November, six month ahead
of schedule.

A further soft ground tunnel of 7km is still in preparation
along the line.
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Even bigger high speed tunnels are underway through the
Alps linking northern Europe to Italy.

The largest is the world record 57km long Gotthard Base
tunnel, up to 2,500m deep, where track laying is complete
and the opening is expected to be in June next year.

The AlpTransit scheme includes a second tunnel further
south, the 15.4km long twin-bore Ceneri where drill and
blast operations with Sandvik rigs and a Rowa backup sys-
tem are nearly complete. This was one of the first major
projects for Agir conveyors.

Two southern drives were completed in March and more
difficult 8km northern drives will finish by the end of the
year when rail and signalling work begins. The Ceneri will
shave a further 10 minutes from the Zurich to Milan route
when complete.

Austria to Italy

Meanwhile, attention has moved to Austria and Italy where
not only the great Brenner Pass base tunnel is well under-
way, but two more base tunnels as well - Koralm and
Semmering.

The Brenner, from Tyrolean capital Innsbruck to Fortezza in
Italy, forms part of the Trans-European Network (TEN-T)
route from Berlin to Palermo. It is comparable to Gotthard
at 55km long and has a maximum cover of 1,800m. If tak-
en together with a 9km linked bypass tunnel at Innsbruck
for trains heading onwards, it will claim a world record
length of 64km.

Between two single-track main bores of 8.1m in diameter
there is a smaller central service tunnel of just under 5m
inner diameter and running 12m lower. It serves for later
maintenance and drainage but is also vital for exploration
and geological investigation, according to the client, the
Austro-Italian Brenner Base Tunnel company.

Preparation for the main tunnel drives has been underway
for several years, with five major access adits virtually
complete, including a 6km length of the exploratory from
Innsbruck. The most important work recently has been a
1.5km long, conventionally excavated section across the
Periadriatic fault on the Italian side. This tectonically crum-
bled rock was potentially a major obstacle, but while the
fractured rock was difficult going, it has proved passable.
The same contract, completed this year also excavated and
lined the first two 1.5km sections of the main bores.

The next major work is an additional 15km of exploratory
tunnel being made with a Herrenknecht gripper TBM south-
wards from the initial Innsbruck section. It started this Oc-
tober after assembly in an underground cavern.

The €380 million multipart contract was let to Austrian con-
tractor Strabag with Salini Impregilo from Italy in Septem-
ber last year. Work also includes completing more access
points in the Innsbruck area, and a long 9km drill and blast
drive parallel to the bypass tunnel as a safety tunnel.

Austria has another trans-European high speed link under-
way, upgrading the line from Vienna to Graz, and with an
entire new line section onwards to Klagenfurt.

A key feature of the link is the 32.8km Koralm tunnel with
maximum cover of 1,200m, and like other base tunnels it
has a very flat gradient. Apart from a small 1.5km portal
section begun in 2011, it is being driven in two main con-
tracts.

The largest is by contractor Strabag and joint venture part-
ner Jagerbau with 20km to do. A first section of around 3km
was in soft ground while the rest is parallel hard rock drives
- one of 16km and one 17m, both with segmental linings.

Begun two years ago, these have proved slow going in hard
and often blocky rock, though the contractor is pleased with
its two “tough” CREG-Wirth TBMs now over 11km in. The
client, Austria’s Federal Railways civil engineering company
OBB Infrastruktur, has said that things are within the pa-
rameters of the contract for the eventual 2018 completion.

The remaining approximately 12km of tunnel was let last
year to Porr, and is being driven by conventional methods
in one tube, where half was excavated in the investigation
stage, and by a multimode Herrenknecht TBM on the full
length of the other bore.

North of Graz, meanwhile, the 27km long Semmering is just
starting. Cutting under the historic but speed- and gradient-
limited Semmering mountain railway, it will also provide a
flat gradient for high speed trains.

Because of exceptionally complex geology and high water
heads, investigated in detail over the last decade, the tun-
nel is divided into several sections, mostly to be built by
conventional means. Contracts are currently being let.

Only one central section of 9km can be done by TBM, start-
ing from a cavern at the base of a 400m deep shaft current-
ly under construction by a joint venture of Implenia and
Svedelski. Some 4.4km of conventional drive will head in
the other direction from the shaft cavern.

A 7.4km section from Gloggnitz at the east portal has been
let to Hochtief Infrastructure Austria, Implenia Austria and
Thyssen Schachtbau for €457 million. Work will go from the
portal and an access shaft.

Cross border

One final trans-European base tunnel route is the 57km
Lyon to Turin cross-border project. Final go ahead was
agreed in February between France and Italy. An EU subsi-
dy of 40% of the €8.8 billion cost, was agreed in July.

The tunnel between St Jean-de-Maurienne in French Savoy
and the Susa valley in the Piedmont will have twin bores
with a separation of 30m. The inner diameter will be 8.4m -
slightly larger than Gotthard and Brenner - allowing clear-
ance for lorry shuttle trains.

There had been work on access and exploratory tunnels
completed in recent years but full commitment to the
scheme has been uncertain until now.

A fourth access and exploratory adit on the Italian side is
still in excavation and about half complete. It began later in
2013 because work had previously been disrupted by hos-
tile demonstrations. This Maddalena tunnel site still has a
police guard.

It is using a 6.3m diameter Robbins main beam TBM both to
test possible TBM drive conditions and gather rock data.

On the French side, another test tunnel contract has just
been let to Spie Batignolles, for a 9km section of one of the
two main bores. It will use an NFM TBM with overcutting
facility to explore rock conditions and possible squeezing
ground.

Moving further north, Norway is currently excavating the
deepest ever undersea road tunnel - the 14.3km Solbakk
tunnel at Stavanger - reaching 290m depth. It is part of a
three tunnel scheme for the coastal city, the Ryfast, and is
being driven by drill and blast through hard gneiss and soft-
er phyllite claystone.

Atlas Copco rigs with Volvo loaders and trucks are in use for
one of the two contracts while Swiss firm Marti on the east-
ern 7.8km section is using Sandvik rigs and, for the first
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time in Norway, a conveyor muck system, supplied by sister
firm, Marti Technik.

An even bigger and deeper road tunnel from Stavanger
northwards, the Rogfast, is currently in design.

Meanwhile, at Bergen, a Herrenknecht hard rock gripper
TBM is just being readied for a 7km drive through very hard
granite for the Ulriken tunnel at the end of the Bergen to
Oslo rail line. It is the first TBM drive for a rail tunnel in
Norway.

Joint venture contractor Skanska-Strabag will also use con-
veyors for spoil, this one from Agir.

The tunnel will double track an existing single bore open
since 1964. Work began last year with an initial 800m drill
and blast section for track crossover and line branching into
platforms on a station at Arna. An Atlas Copco rig drilled
and Volvo wheeled loaders and trucks moved out the spoil.

High-speed rail

Norways’ biggest project is the Follo high-speed rail line
from Oslo to commuter town Ski, mostly in a 20km twin-
bore tunnel.

Contractors Acciona and Ghella have ordered four Her-
renknecht TBMs to begin excavation work late next year.
Another contract with Italian contractor Condotte d’Acqua
will use “drill and split”, the first use of the method in Nor-
way which replaces blasting with hydraulic wedges to re-
move rock.

Sweden began work early this year on the huge ten-year
Stockholm bypass scheme which will put a dual three-lane
motorway underground on the west side of the city through
typical Scandinavian hard rock.

Czech firm Subterra is making the access tunnels, and con-
tracts for major work beginning next year are with Imple-
nia, Skanska and Norway’s Veidekke.

Finally, literally on the edge of Europe, this autumn saw
breakthrough of the spectacular 5.4km long Eurasia tunnel,
a twin-deck dual two-lane road tunnel underneath the Bos-
porus in Istanbul, Turkey, which has taken high pressure
working to a new level.

A giant Herrenknecht Mixshield drove the central 3.34km
section in both saturated soft ground and rock at maximum
depth of 106m with pressures at an unprecedented 12bar.

(Adrian Greeman / CONSTRUCTION europe, 02 Dec 2015,
http://www.khl.com/magazines/construction-
europe/detail/item113674/Tunnelling:Going-underground)

3

A cut slope failure on the Eskoriatza to Vitoria
motorway in Spain

An interesting landslide occurred on a heavily modified
slope on the Eskoriatza - Vitoria motorway in Spain on 27th
November 2015. The main failure event was captured on
video, and is now on Youtube:

https://www.youtube.com/watch?time continue=2&v=TRh
ktvXBbCS8.

I am impressed with the boldness of the highway authority
in allowing one side of the road to remain open whilst this
failure occurred.

Very helpfully, Fats Grasas has tweeted a sequence of im-
ages from a range of sources of the history of the slope.
This appears to be a Google Street View image from 2009:-

Eskoriatza - Vitoria motorway slope via Fats Grasas

Whilst this is a Google Earth image, also from 2009. The
slope clearly has expensive treatment, but I am unsure as
to what this is exactly.

Eskoriatza - Vitoria motorway slope via Google Earth
and Fats Grasas

Then this Google Street View image is from earlier this
year:

Eskoriatza - Vitoria motorway slope via Google Street View
and Fats Grasas

The slope has clearly undergone a major failure, part of

which has spilled onto the road. A Google Earth image, also
from earlier this year, shows this failure in more detail:
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Eskoriatza - Vitoria motorway slope via Google Earth
and Fats Grasas

It appears that this failed slope was being repaired, with
substantial reinforcement and fill. These slope strengthen-
ing works appear to have failed to generate the landslide
last week.

(dr-dave / AGUBIlogosphere / THE LANDSLIDE BLOG, 3 De-
cember 2015,
http://blogs.agu.org/landslideblog/2015/12/03/eskoriatza-
1/)

Releveling buildings and structures

Mainmark Ground Engineering has developed an exciting
new digitally controlled process for lifting and releveling
buildings and structures. Take a look at our website. The
process, called JOG, has been proven in Japan and New
Zealand over a period of 20 years. It has been used suc-
cessfully to lift a 4 storey building the size of a football pitch
by 180mm while the building was occupied; a 12 storey
office building by 100mm; a 1500mm dia. pipeline by
65mm; a highway bridge-culvert by 1200mm; and many
other structures; the complex or the huge, the heavy and
the delicate.

The words 'keyhole surgery' are used to describe JOG due
to the minimal intrusion of the works into the lives and
business processes of our clients. Digitally controlled multi-
point cement injection under the foundations lifts the struc-
ture uniformly point by point while the lifting of each part of
the building or structure is being real-time digital-
ly controlled and millimeter-monitored by robot instrument-
tation. Watch the video of the 3D modelling and processes.

The 17th November Issue of NCE featured the lifting and
releveling by Mainmark of the Christchurch Art Gallery.
Please watch for yourself the video of the gallery being lift-
ed.
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What Can Australia Learn from the Christchurch
Rebuild?

When disasters strike, engineering and leadership
challenges involved in conducting emergency repairs
and undertaking subsequent rebuilding can be signif-
icant.

When a massive earthquake hit Christchurch in February
2011, however, these were taken to another level.

The quake, which measured 6.3 on the Richter scale, killed
185 people, damaged more than 100,000 homes and
caused around 70 per cent of the structures within the CBD
east of the Avon River to have to be knocked down. It was
one of around 16,000 such quakes to hit the region over a
16-month period.

As expected, not all was plain sailing. In July 2013, Christ-
church City Council was stripped of its power to issue build-
ing consents over concerns about the quality control associ-
ated with its consenting processes, only re-gaining accredi-
tation last year. What was seen as an excessively slow re-
building process was slammed by owners of property in the
city’s centre, who complained of the city being locked up for
too long. While the majority of residents had a positive ex-
perience with regard to their insurance, a significant hum-
ber did not, and there were cases in which insurers dithered
and remedial work performed under insurance arrange-
ments was sloppy.

Yet almost five years on, a large scale exodus of population
and/or capital has not happened, the city now has almost
as many shops, cafés and pubs as was the case before the
earthquake hit, and the rebuild has for the most part been a
success.

Now is a good time to look at some of the critical lessons
learned from the earthquake and rebuilding process. Broad-
ly speaking, these fall into two categories: technical lessons
associated with building and engineeringspecifically and
broader leadership lessons.

Building and Engineering Lessons
At the outset, it must be acknowledged that the magnitude

of the quake was much greater than that envisaged by all
design criteria in place at the time.

With that in mind, the performance of buildings and infra-
structure during the earthquake was mixed. At the extreme
end, catastrophic loss of life was caused by the collapse of
the six-storey Canterbury Television (CTV) building (115
casualties) and the four-storey Pyne Gould Building (18
casualties). The CTV building was subsequently found by a
government report to have been constructed of weak col-
umns and concrete which did not meet standards as speci-
fied under the New Zealand Building Code at the time of its
construction in 1986. In addition, more than 2,000 buildings
had to be pulled down.

In sewerage, the Christchurch Wastewater Treatment Plant
was badly impacted, while around 528 kilometres of pipe
was damaged. Cracking in pipe walls which allowed other
liquids to seep into buildings saw some cases of residents
arriving at hospitals with gastrointestinal illness. In some
cases, pipes collapsed or broke apart.

Apart from that, however, the city’s power system was fully
restored within hours, roads generally held up well and the
airport was largely unscathed. While the number of build-
ings irreparably damaged was large, overseas experts were
amazed at how well others had stood up, according to Can-
terbury Earthquake Recovery Authority deputy chief execu-
tive implementation CERA Baden Ewart.

Perhaps one of the most important lessons learned as far as
the initial recovery effort is concerned - though not strictly
a building and engineering lesson specifically - revolved
around the need to take courageous decisions which may
prove to be unpopular, Ewart said.

After the quake hit, an immediate priority revolved around
the need to verify and shore up the structural integrity or
otherwise of critical buildings and infrastructure, first in the
city’s centre and subsequently in the suburbs. In order to
do that, the CBD was effectively shut down and closed off
while engineers went building to building performing initial
visual inspections and subsequently more invasive inspec-
tions.

This proved to be unpopular, but it ensured that residents
were not going to work in buildings which remained stand-
ing but were damaged by the quake and were thus struc-
turally unsafe. This was a particularly important considera-
tion as structural damage to many buildings did not become
apparent until interior linings were removed and reinforcing
steel examined. The closure also allowed for the entire area
to be transformed into a work site, demolitions to be con-
ducted in a safe manner and waste to be managed so as to
avoid large piles of rubbish being strewn all over streets
and ending up contaminating water supplies.

Prior to starting any rebuild, it is also important to pause
and reflect not only on how the city should function once
rebuilt but also how it can be rebuilt to function more effec-
tively, Ewart said. In Christchurch’s case, the CBD remained
closed until a new city blueprint had been prepared. Be-
cause of this work, the rebuilt city will be more compact and
friendly to pedestrians and cyclists, while a dramatic simpli-
fication of the city’s planning code is allowing for innovation
to flourish in terms of new building architecture.

The extent of damage to the sewer system, too, demon-
strates the importance of keeping aging infrastructure in
good working order, Christchurch chief resilience officer
Mike Gilooly said, noting that most of the damage largely
reflected the shallowness of the earthquake depth and the
pipes being buried relatively deep in the ground.

Perhaps the most important observations and lessons, how-
ever, revolve around efforts being made to build stronger
with greater resilience.

Notwithstanding the fact that Christchurch already had one
of the most stringent building codes in the world prior to the

TA NEA THZ EEEEI'M - Ap. 85 — AEKEMBPIOZ 2015

ZeAida 51



quake, considerable effort is being made to strengthen reg-
ulations. At a national level, a strategy was announced in
2013 that requires the seismic testing of all non-residential
and multi-residential buildings within five years. All build-
ings deemed to be earthquake prone were to be placed on a
register and strengthened or demolished within 20 years,
though the scope and time frames associated with these
requirements have since been wound back.

At a localised level, the Building Code has been amended to
raise the ‘Z’ factor associated with the acceptable solution
that relates to the structural design for the Canterbury re-
gion. This made it a requirement to increase the strength of
new buildings within the region to withstand earthquakes to
a greater degree.

Second, Christchurch City Council director of building con-
trol Peter Sparrow said the performance based nature of the
Building Code has allowed for a flourishing of innovative
solutions. Steel-based construction has become more ex-
tensive, while base isolation and dampening has become
commonplace for critical and high value buildings.

Residential areas, meanwhile, have seen more robust de-
signs for foundations and a broad focus upon reparability
rather than replacement. In those residential areas where
liguefaction was severe, ground stabilisation and strength-
ening using methods that have been used in road infra-
structure are being used to stabilise and strengthen the
ground.

In water-based infrastructure, too, significant portions of
pressure sewers and vacuum sewers are being installed,
Christchurch director of Council Facilities and Infrastructure
David Adamson said. The resilience that these add are re-
lated to the shallowness of the infrastructure along with the
need not to have pipelines on grade. Provided rupture does
not occur, he said, it is now envisaged that this infrastruc-
ture will be up and running smoothly immediately following
any major earth movement.

That leads to a final lesson - that of designing buildings not
just for the safety of occupants during earthquakes or other
natural disasters but also with regard to post-earthquake
recovery. In this respect, a lot of innovation is taking place,
Ewart said. Cross members and reinforcing sections are now
being designed in such a way that they are affixed to
moveable concrete rafts which can allow the building to flex
during earthquakes and then quickly re-level using levelling
bolts. This means the building is designed not only to pro-
tect the safety of occupants during a quake but also to be
quickly re-levelled after the event.

“In the past we had buildings which had tended to prioritise
safety risk at the expense of the building which in many
cases had to come down,” he said. “Under current stand-
ards, we are dealing with life safety risk and protecting the
buildings as well.”

“There is lots of innovation in the architecture and design
space. Some of the buildings around here are just astound-
ing.”

Leadership Lessons

Beyond building and engineering, Ewart said there are im-
portant lessons learned with regard to broader leadership
issues during the rebuild.

First, it was important not to lose sight of the people and
business systems affected, with the business community
being given appropriate levels of support and with assis-
tance given toward residents being targeted at helping
them gain as much continuity with their regular and every-
day lives as possible.

In this regard, a program of temporary wage support for
small enterprises who were unable to access their premises
was particularly useful as it allowed for the small business
community to continue to maintain their workforce and for
residents to maintain their employment positions and thus
their income throughout the period of disruption. This
helped prevent an exodus of population where residents
were forced to leave the City in order to seek employment
opportunities.

It was also important not to underestimate the physiological
and emotional impact of natural disaster upon people’s
lives. In the case of Christchurch, while early days after the
earthquake saw people bond together, Ewart said, the up-
heaval it has created has taken its toll over time and in
some cases has led to alcohol addiction, family violence
and/or family breakdown.

Along with the need for the effective provision of emotional
support services, Ewart said it is important for those in-
volved in the physical rebuild process to appreciate the ex-
tent of the pressures being faced by those with whom they
deal, and the need for ‘tolerance’ in the system when deal-
ing with those people. In this regard, he is particularly dis-
appointed about the problems some residents experienced
regarding their insurance, adding that some insurers could
have placed less emphasis upon technical terms of the con-
tract (though these are important) and more upon the big-
ger picture of the well-being of their clients.

Finally, there is the importance of partnership and mutual
respect amongst various parties and bodies of government.
One aspect regarding Christchurch which could have been
managed better, Ewart said, revolves around the relation-
ship between central and local government, with the local
authority obviously appreciating the national money coming
in but feeling some sense of ambivalence about the idea of
national government ‘interference’ in the rebuild. He said
both parties had much to contribute, and had had to learn
to respect the contribution each brought to the table.

Overall, Ewart feels the rebuild as a whole has generally
been successful, and that criticisms of the project’s speed
are unwarranted.

“There is a narrative which says that the rebuild of the cen-
tral city has been slow and taken too long,” he said. “(But,)
today, 80 per cent of the footprint of the city has got a
building being built on it or a plan for a building to be built
on it. The businesses are coming back into town.

“We didn't finish the demolitions in town until the middle of
2012. You look at it and that’s about three years ago, and it
takes about three years from a clear site to design and
build some of these big structures.

“On balance, we are doing ok.”
(Andrew Heaton / @ourceable, 4 December 2015,

https://sourceable.net/what-can-australia-learn-from-the-
christchurch-rebuild/#)

3

Koitida Tou EykéAadou
MpmTn KATAduon oTa £yKAara Ornou yevviouvTdl
Ol OEIoHOI

Aegv KaTa@epav va ¢Tacouv Tnv idia Tnv KoiTida Tou EykéAa-
dou, nAnociacav Opwg o€ anooTaon HIKPOTEPN Twv 200
METPWV: JIEBVAG €PEUVNTIKN opada avolEe yemTpnon o€ £va
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osIoNIKO priypa TnG Néag ZnAavdiag omou avapéveral 1oxu-
pOG OEIONOG. ZUPNEPACHA NPWTO, TO PAYHA €ival avanavre-
Xa KauTo.

H yewTpnon oTto Zaoud AIAavT nAnciage Tnv nepioxr 6nou
ouvavTwvTal dUo TekTovIkEG NAakeg (Mnyn: Julian
Thompson/GNS Science)

APKETEG AKOMA €PEUVNTIKEG OMADEG £xouv npoonabnoel va
(PTACOUV OE €VEPYA CEIOHIKA priyuaTa og HMA, Kiva, TaiBav
kal Ianwvia, enionyaivel o SIKTUAKOG TOMOG TOU NEPIOdIKOU
Nature. 'OJwG, 0 OAEC AUTEG TIG NEPINTWOEIG, Ol YEWTPNOEIG
avoixTnkav YeTa Tnv ekdNAwaon CEICHOV.

270 vnoi =adoub AlhavT Tng Néag ZnAavdiag, o oTOX0G NTaV
nio @IA0d0&0G. Zxedov 90 enioTroveg anod 12 XWPEG Npoo-
nadnoav va HPEAETNOOUV TO E€0WTEPIKO TOU PRYHATOG MpPIV
€pBel TO ENOPEVO XTUMNUA.

To Ouykekpidévo prnyda onuadelsl TNV Megploxn OMnou n
TEKTOVIKR) NMAdka Tou Eipnvikou TpiBeTal pe Tnv I1vdo-au-
oTpaAiavr) nAaka. O1 dUo NAAKEG NAPAHUEVOUV KAEIDWHEVEG
oTtn 6£0n Toug and Tov TEAEUTAIo I0XUPO OEIOHO Tou 1717,
Kdl ol YEWAOYOI ekTIHoUV OTI n €nopevn dovnon €xel ndn
KabuoTepnoel.

To apxikd oxedio npoéPRAene OTI N yewTpnon Ba £pTave Hé-
Xp! To id10 To pryua og Badog 1.300 péTpwyv. To yewTpunavo
£€pTaoce ota 893 péTpa, ondTe €vag aTodAIvog owAnvag nou
€1I0AX6n OTO @PEeATIO yia va oTAaBePONOINCEl TA TOIXWHATA
Tou €onaoce kal éppage Tnv Tpuna, avaykalovTag Toug Epeu-
VNTEG va OTAPATAOOUV TNV npoondadeia. Katagpepav opwg va
OUAAEEOUV deiypaTa NETPWUATWY KAl va €I0ayouV OTo (PPEa-
TIO €va KaA®JIo ONTIKWV IVOV MOU AEITOUPYEI WG OEPUOUETPO
Kal OEICHOMETPO.

H epeuvnTikh opada ekTiNd OTI €@Tace oe andaoTacn HOAIG
100 - 200 péTpwv and To pnyua, €va eniTEUyHa nou Toug
aenoe 6A0OUG IKaVOMoINKEVOUG.

To onuavTikdTePo elpnua eival o1 n Begpuokpacia Twv ne-
TPWHATWV o BaBog 830 WETpwWV €@Tave Toug 110 Babuolg
KeAoiou. H pérpnon ATav pn avapevopevn, dedopévou OTI N
Bepuokpacia Tou uNedA@OUC Kavovika aveBaivel poAic 30
BaBuolg yia kabe XIAIOPETPO kKaBodou. To niBavoTepo eival
OTI n BepudTNTa €ite avaBAulel anod peyalutepa Baén f na-
pAyeTal 0To PRyHa AOYw TPIRNAG TWV NETPWHATWY.

«Eival npayparika éva a&lobalpacTo elpnua nou Kaveig dev
gixe npoBAEYel» oxoAiaoe o PounepT ZadepAavT, enikePaing
Tng d1gBvouc npoonadeiac.

ST0 MEAAOV, VEEG YEWTPNOEIG OTOo idI0 priyua 6a pnopoucav
va QpTACoUV WEXP! TO i8I0 TO prypa. ‘Onwg Aésl o ZadepAavr,
«KUpIOG OTOXOG €ival va KATAvorOOUKE TNV KATACTAGCN EVOG
MEYAAOU priyHaTog npiv ekdNAWOEI OEITHOC».

Ta supnuaTa 6a pnopouaav va NPoa@EPOUV VEQ OTOIXEIA yia
TOUG MNXAVIOHOUG Tou EykéAadou kal iowg enmTpéWouv Wia
MEPA TNV NPOYVWON HEYAAWV CEICHMV.

Ac eAmicoupe OTI To priyHa Tou =aouB AlAavT dev 6a Eunvn-
o€l npIv NPOAABOUV ol YEWAOYOI va To (PTACOUV.

(BayyeAing MpaTikakng / Newsroom AOA, 17 Aesk. 2015,
http://news.in.gr/science-
technology/article/?aid=1500046660)

Hellish conditions a scientific gold mine for drilling
project
Attempt to reach earthquake source fell short
but yielded surprisingly hot rocks

A failed effort to drill through a dangerous fault in New Zea-
land has served up unexpected scientific results that could
help researchers to better understand how earthquakes
happen. The project measured temperatures in excess of
100 ©°C at just 830 metres below the surface — an excep-
tionally high value at such a shallow depth.

“This is really a remarkable result and not predicted by an-
yone,” says Rupert Sutherland, a co-leader of the interna-
tional project that sought to drill through the Alpine Fault on
New Zealand's South Island. The temperature results sug-
gest that a future drill hole in this region might give re-
searchers their first chance to observe directly the most
dangerous part of a fault — where large quakes are born
and release most of their energy. This high-temperature
zone is normally too deep to reach, but it appears to be
much more shallow at the drilling site, says Sutherland, a
geophysicist at GNS Science, a government-run Earth-
science organization in Lower Hutt. He and other project
scientists presented the results this week at a meeting of
the American Geophysical Union in San Francisco, Califor-
nia.

The thermal measurements are just one set of results com-
ing out of the Deep Fault Drilling Project (DFDP), which in-
volved nearly 90 scientists from 12 countries. The project
seeks to study the interior of a large fault as it approaches
a major quake. The Alpine Fault marks a gash through
Earth’s crust where the Pacific plate grinds past the tectonic
block that carries Australia. The plates have been locked
together since the last earthquake there, in 1717 — and
researchers expect another one to happen soon. The aver-
age gap between magnitude-8 earthquakes at the Alpine
Fault is 330 years.

The NZ$3-million (US$2-million) project differs from the
handful of other attempts to drill deep boreholes into active
faults in China, Taiwan, Japan and the United States. In
previous cases, researchers invaded faults after a major
quake. In the DFDP project, says Sutherland, “the main
purpose is to understand the state of a large fault zone be-
fore an earthquake appears”.

Ground to a halt

When drilling began in August 2014, researchers planned to
reach a depth of 1,300 metres. The goal was to drill
through the fault to study the ambient conditions and min-
eral characteristics at the point where the two plates slip
past each other. The team was able to channel down to 893
metres over 5 months. But the project encountered difficul-
ty while attempting to insert a steel tube into the hole to
keep it from deforming. A piece of the tube broke off with-
out anybody realizing it, which led to a series of problems
that ended the drilling, Rutherford says.

The researchers estimate that they came within 100-200
metres of the actual fault. Although they missed the mark,
members of the team say that the project paid off. "It was
still a success,” says Weiren Lin, a geophysicist with the
Japan Agency for Marine-Earth Science and Technology in
Kochi, who is participating in the work. The team extracted
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rock samples from the zone above the fault, and installed a
high-tech fibre-optic cable that can measure temperatures
and also function as a seismometer.

After drilling ended and conditions in the hole reached equi-
librium, the cable recorded temperatures of more than 110
°C at a depth of 830 metres. The typical geothermal gradi-
ent increases at a rate of just 30 °C per kilometre below
ground, and a shallow borehole that the team drilled nearby
in 2011 had a gradient of twice that. The gradient in the
new hole reached as high as 150 °C per kilometre, the re-
searchers reported.

“It has this very high geothermal gradient, and it's very
intriguing on that account,” says Diane Moore, a geologist
with the United States Geological Survey in Menlo Park,
California. Despite the problems with the Alpine Fault pro-
ject, she says, “it's a very impressive body of work that
they’re getting out of it”.

(Richard Monastersky / Nature, 17 December 2015,
http://www.nature.com/news/hellish-conditions-a-scientific-
gold-mine-for-drilling-project-1.19056)

N£a dedopéva yia Tov GEICHO TNG Asukadag
ZToug SIKTUAKOUG TOMOUG

http://www.edcm.edu.gr/images/documents/RightColumn/L
EFK EQ 2015.pdf kai

http://www.elekkas.gr/images/stories/Frontpage/2015 Lefk
ada/lefkada2015.pdf

MnopeiTe va deite Ta véa dedouéva yia Tov NpoOoPaATo CEIOUO
NG Aeukadag.

EuBupung Aékkag

Ipappateia MpoypapuaTog MeTanTuxIakwy Znoudwy
«ZTparnyikeg Alaxeipiong NepiBailovTog, KataoTpopwv &
Kpioewv»

EBvikd & KanodioTpiakd Maveniotriuio ABnvov

TunRua FewAoyiag & MewnepIBAANOVTOG — ZXOAN OETIKWV
EnioTnpov

Toueag Auvapikng TekTovikng Epappoopévng MewAoyiag
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The World's 20 Most Impressive Bridges

From old stone spans to sweeping modern suspensions,
bridges have a way of wowing us.

Moving bridges, stone bridges, new bridges, historic bridg-
es, bridges that are global icons, bridges you've probably
never heard of—they're all here. We even have one that
floats on water and another that carries water. Here are our
choices for the 20 most impressive spans around the world.

Golden Gate Bridge, San Francisco
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The four-year project to span the Golden Gate strait and
connect San Francisco to Marin County culminated in what
was the world's longest (4,200 feet) and tallest suspension
bridge when this Bay Area landmark opened in 1937. The
Golden Gate would keep those records until the 1960s. The
Joseph Strauss Art Deco suspension bridge design is famous
today in large part because of something a bit out of the
norm in the bridge world: color. Golden Gate was painted
"International Orange" partly to match the warm coastal
surroundings and also to stand out against the horizon for
boaters.

Ponte Vecchio, Florence, Italy
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You don't walk over the Golden Gate Bridge expecting to
find a market or a shopping mall up there. But centuries
ago, it was common for shops and even houses to stand
one the second story of a bridge. The most prominent ex-
ample that still exists is probably Ponte Vecchio in Florence,
Italy. Rebuilt after a flood in 1345, a 1565 upgrade added a
second story to the stone segmental arch bridge spanning
the Arno River. It was in the second story that workshops
and houses filled the extra space, stretching sometimes
wider than the original bridge. Ponte Vecchio is the only one
of its kind in Florence that survived World War II.

Magdeburg Water Bridge, Magdeburg, Germany

The water bridge that crosses the Elbe River to connect the
Elbe-Havel Canal to the Mittellandkanal becomes the long-
est navigable aqueduct in the world, at more than 3,000
feet long. Previously, connecting the two canals required a
7.4-mile detour and boat lift into the river. But in 2003 the
new concrete water bridge near Berlin changed all that and
gave ships a water-filled crossing.

Sydney Harbour Bridge, Australia
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The "Coathanger" of steel that crosses the Sydney Harbour
has a longer history than it appears. Opened in 1932 after
eight years of construction, the steel bridge features six
million hand-driven rivets. The extreme sun in Sydney re-
quired hinges that could handle the steel expanding and
contracting in the extreme temperatures. At 160 feet wide,
the bridge was the widest long-span bridge in the world
until 2012, and crosses over 3,700 feet with the steel arch
440 feet above the water.

Scale Lane Footbridge, Hull, England

Pedestrians can have some fun in Hull, England, with a
swinging pedestrian bridge in what some call the shape of
an apostrophe. Designed by McDowell+Benedetti and
opened in 2013, the black steel bridge serves as a crossing
of the River Hull, but opens to river traffic in an impressive
swinging motion.
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Millau Viaduct, France
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At 1,125 feet, the tallest bridge in the world opened in 2004
and can, at times, soar above the clouds. At over 8,000 feet
long, Millau Viaduct spans the Tarn River Valley with seven
pillars designed by Lord Norman Foster. To create the
bridge in just three years, crews built the towers and then
the roadway, which was slid into place atop the towers.

Brooklyn Bridge, New York City

It may have taken 14 years to build, but when the Brooklyn
Bridge opened in 1883 to connect Manhattan and Brooklyn,
the single span of 1,595 feet suspended by four cables was
a sight to behold. It still is. Designed by John A. Roebling
and with the construction led by son Washington Roebling
and his wife, Emily, the project stands as an enduring sym-
bol for bridge construction the world over. It may have
been the 1884 P.T. Barnum spectacle of leading a herd of
21 elephants across the bridge that early on cemented the
bridge's popularity. But today, from the 15-.5-inch diameter
cables comprised of 5,434 parallel steel wires to the towers
built of limestone, granite and cement, everything about the
Brooklyn is iconic.

Akashi-Kaikyo Bridge, Japan

The longest suspension bridge in the world measures
12,800 feet across. It opened in 1998 after 12 years of con-
struction. The three-span bridge crosses the Akashi Strait
with 190,000 miles of wire cabling the roadways from the
two towers. Bridge design had to account for earthquakes,
high winds, and harsh sea currents crashing against the
towers.

Rialto Bridge, Venice, Italy
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The first bridge to span the Grand Canals of Venice, this
15™ Century structure by Antonio da Ponte defied the critics
of the time and topped some steeped competition—even
Michelangelo offered a design for the planned crossing. The
peaked Venetian architecture allows for ship passage un-
derneath. The design, which took three years to build, was
created 24 feet high and 75 feet wide to allow space for
shops along the sides.

Bay Bridge, Oakland

The San Francisco Bay Area is lucky enough to have two
internationally reknowned bridges. The new Bay Bridge East
Span, a $6.4 billion project, replaced a seismically unstable
bridge. It has the world's largest self-anchored suspension
span, a 2,047-foot span anchored by a single 525-foot-tall
tower that holds a single mile-long main cable containing
17,399 steel wire strands.

State Route 520 Floating Bridge, Seattle

The world's longest floating bridge will be upstaged in
spring 2016 when the brand-newState Route 520 Floating
Bridge replaces it. The new span, which runs just a few feet
to the north of the old Seattle bridge, spans 7,710 feet
across Lake Washington and five vehicle lanes wide. The
new bridge uses 77 concrete pontoons as the foundation;
the weight of the water displaced by the pontoons equals
the weight of the structure, allowing it to float. The roadway
is elevated 20 feet above the water. A total of 58 anchors
secure the bridge.
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Pont Jacques Chaban-Delmas, Bordeaux, France

The longest vertical-lift bridge in Europe, at 2,200 feet, has
the architectural feat of lifting 252 feet over the Garonne
River in Bordeaux, France. The four slender pylons that
serve as the vehicle for the vertical lift will light up to signi-
fy the current tide—blue for high tide and green for low
tide.

Helix Bridge, Singapore
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Inspired by the shape of DNA, the Helix Bridge offers Sin-
gapore pedestrians 918 feet of architectural intrigue and
artistic expression. The bridge in Marina Bay uses multiple
styles of steel to curve and sweep, opening up at five points
for viewing platforms. The steel tubes serve as the visual
spectacle. If straightened and laid end to end, they would
stretch 7,380 feet.

Nanpu Bridge, Shanghai, China

The Nanpu Bridge features an impressive seven-lane,
2,500-foot cable-stay component over the Huangpu River.
But honestly, it's the four miles of bridge that doesn't cross
the river that offers the most intrigue. A circular elevated
approach stretches from land and wraps up, bringing vehi-
cles to the height of the crossing in the midst of the heavily
congested downtown Shanghai.

Tower Bridge, London

Tower Bridge opened in 1894 on the east side of London
after an eight-year project to construct a bridge across the
Thames. It's one bridge in two styles—suspension and bas-
cule. The 213-foot-tall towers on either end of a 200-foot
central lift span suspend the bridge to the shore on either

side, while serving as the foundation for the bascule span
that can raise and lower for ship traffic.

Capilano Cliffwalk, North Vancouver, British Columbia

Next door to the historic Capilano Suspension Bridge, the
Cliffwalk opened in 2011 with 700 feet of bridge hanging off
a cliff about 230 feet above a canyon. The bridge can han-
dle 100,000 pounds of weight while anchored to the cliff's
walls. To make the natural Capilano River canyon even
more impressive, sections of the Cliffwalk feature glass-
bottom walkways. Not for the faint of heights.

Russky Bridge, Russky Island, Russia
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Completed in 2012, the 1,053-foot-tall structure became
the world's longest cable-stayed bridge at more than
10,000 feet long, and it has the second-highest pylons (fol-
lowing the Millau Viaduct) in the world. Just don't plan on
ever needing to cross the Russky Bridge in your lifetime—
it's located in a rural area of southeastern Russia near North
Korea, China, and Japan.

Charles Bridge, Prague, Czech Republic
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Stone, old, and impressive. The Charles Bridge in Prague
crosses the Vitava River in all its Gothic glory. What started
in 1357 as a major construction project ended in the early
1400s with a 2,037-foot stone arch bridge connecting OIld
Town to the Prague Castle area in the Lesser Quarter with
16 arches and an additional 30 decorative statues.

Tilikum Crossing, Portland, Oregon

The first new crossing over Portland's Willamette River since
1973, 1,700-foot Tilikum Crossing opening in September
2015. The structure is remarkable not only for the slender
design, with 110.5-foot towers that flow down to the five
spans, but also because of what you won't find on the
bridge: cars. It's not easy to build a big infrasturcture pro-
ject in America, much less one that turns away drivers. But
only light rail, streetcar, buses, pedestrians, and cyclists are
welcome here.

Slauerhoff Bridge, Leeuwarden, The Netherlands
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Nicknamed the Flying Drawbridge, for obvious reasons, this
small bascule bridge swings sections of 49 foot by 49 foot
deck 90 degrees up into the air to allow ships to pass. Two
arms swing from a pylon, instead of traditional hinges, for
quicker movement.

(Tim Newcomb / Popular Mechanics, 29 December 2015,
http://www.popularmechanics.com/technology/infrastructur
e/g2383/the-worlds-most-impressive-bridges)
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ISSMGE Bulletin

Volume 9, Issue é
>/ December 2015

http://www.issmge.org/en/resources/issmge-
bulletin/790-vol-9-issue6-december-2015

KukAo@opnoe 1o Teuxog 6 Tou 9°° Topou Tou ISSMGE Bulle-
tin (AskepBpiou 2015) Pe Ta NAPAKATW NEPIEXOMEVA:

e Research Highlights: Centre for Geotechnical and Materi-
als Modelling, The University of Newcastle, Australia

e Major Project: Design and Case Histories of Large Deep
Excavations in Complex Urban Environment in Shanghai

e Report from Member Society: Australian Geomechanics
Society

e Conference Report:The 1st International Conference on

Geo- Energy and Geo-Environment (GeGe2015) in Hong

Kong

Reports from ISSMGE Foundations Recipients

Event Diary

Corporate Associates

Foundation Donors

o &

International Society for

ISRM

No.32, December 2015

https://www.isrm.net/adm/newsletter/ver html.
hp?id newsletter=121&ver=1

KukAopopnoe To TeUxog 32 (AekepBpiou 2015) pe Ta
napakdTw nepieXoUeva:

® President's 2016 New Year Address

e 2016 ISRM International Symposium, 29-31 August, Cap-
padocia, Turkey

e 12th ISRM online lecture by Prof. Ove Stephansson is now
online

e ARMS9, Bali, 18-20 October 2016: call for papers

e Workshop “Rock Mechanics and Rock Engineering — Theo-
retical advances, investigation techniques and de-sign”, 3
March 2016, Zagreb, Croatia

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

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

e Geosafe 2016, 25-27 May, Xi'an, China, an ISRM Special-
ised Conference

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

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

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

e EUROCK2015 was held in Salzburg, Austria

e The VIII South American Congress on Rock Mechnics was
held in Buenos Aires, Argentina

e Workshop on Volcanic Rocks & Soils was held on the is-
land of Ischia, Italy

e ISRM Sponsored Meetings

3

GS INIB\WS s

http: //www.geosyntheticssociety.org/Resources/Ne
wsletters/2015-11-igs-news-f1.pdf

KukAo@opnoe To Teuxog 31, No. 3 (AekeuBpiou 2015) ue Ta
napakdaTw nepieXoUeva:

e President’s Corner

e General Information for IGS Members

e Awarded Work of IGS Award Winners 2014

e Technical Committees IGS-TC

¢ Announcements of Regional Conferences of IGS

¢ Announcements of Conferences under the Auspices of IGS
e News from the IGS Chapters and the Membership

e List of IGS Chapters

o Official Journals of the IGS

e Corporate Membership

¢ IGS News Publisher, Editor and Chapter Correspon-dents
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INTERMATIONALE DES TUNMNELS
ET DE L'ESPACE SOUTERRAIN
INTERNATIONAL TUNNELLING
AI T E S AND UNDERGROUND SPACE
ASSOCIATION

No. 58, December 2015, www.ita-aites.org

Kukhogpopnoe To Telxog 58 Tou ITA@NEWS (AekepBpiou
2015) ye Ta napakdaTw NepiEXOMEvVa:

e Message from S@REN DEGN ESKESEN, ITA President
¢ Video and Photos of the awards are available

e Register to attend WTC 2016 in San Francisco

e Muir Wood lecture 2016 will be given by Prof Kaiser
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e Think Deep: Planning, development and use of under-
ground space in cities

e ITAtech PRIME SPONSOR Reception & Diner 2015

e Issue 3 of the ITA-CET Committee Newsletter

e Photos of WTC 2015 are now available

e WTC 2015 has been rewarded by the Croatian Forum of
Congress Industry

e Eastern ITA Countries met in Minsk

e 13th International Conference Underground Construction
& EETC, 23-25th May 2016, Prague

e The British Tunnelling Society Conference and Exhibition ,
October 11th - 12th 2016

e 2016 China Tunneling and Underground Works Conference
(CTUC), 24-25th October 2016

Ohttp://www.ita-

aites.org/fr/?option=com acymailing&ctrl=archive&task=vi
ew&mailid=125&key=TVGCMfII&subid=1894-
74d7627ed3e51b67271afdd9255b5891 &tmpl=component&I
temid=843

3

v’ﬂﬂ_.mm_

www.geoengineer.org

KukAo@opnoe To Teuxog #130 Tou Newsletter Tou Geo-
engineer.org (AekepPBpiou 2015) pe NOAAEG XPrOIMEG
nAnpogopie¢ yia OAa Ta B&éuata TNG YEWMNXAVIKAG.
YnevBOupigetar oT1 To Newsletter ekdidetar and Tov
ouvadeA@o kalr péAog TG EEEEMM  AnunTtpn  Z&KKO
(secretariat@geoengineer.org).
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

Mpo6edpog

A’ AvTinpogdpog

B’ AvTInpoedpog

levikog MpappaTtéag:

Tapiag

'EQopog

MéEAnN

AvanAnpwpariko

Fewpyloc FKAZETAS, Ap. MoAITIKOG Mnxavikog, Kadnyntng E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

NavayiwTtng BETTAZ, MoAITikdg Mnxavikog, OMINOS TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

MixaAng MAXAKHZ, MoAITikd¢ Mnxavikog
mpax46@otenet.gr

MixaAng MMNAPAANHE, MoAITIkoc Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

MNwpyog NTOYAHS, MoAImikdg Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETES A.E.
gdoulis@edafomichaniki.gr

MNwpyog MMNEAOKAS, Ap. MoAImikdg Mnxavikog, Enikoupog Kanyntng TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

Avdpéag ANAITNQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OuoTIHog KaenynTrg EMM
aanagn@central.ntua.grn

Bahia ZENAKH, Ap. MoAImikog Mnxavikog, EAAGOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Mapiva MANTAZIAOY, Ap. MoAImikdG Mnxavikog, AvanAnpwTpia Kaényntpia E.M.M.
mpanta@central.ntua.gr

MéAog KwvoTtavTivog IQANNIAHZ, MoAITIkog Mnyavikog, EAA®OMHXANIKH A.E.
kioannidis@edafomichaniki.gr
Ekd0OTNG Xpnotog TEATZANI®OS, Ap. MoAITIKOG Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
EEEE'M
Topéag FEWMTEXVIKAG TnA. 210.7723434
ZXOAH MOAITIKQN MHXANIKQN ToTt. 210.7723428
EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTteXveioUnoAn Zowypapou geotech@central.ntua.gr

15780 ZQIrPA®OY

IoTtooeAida www.hssmge.org (uno kaTaokeun)

«TA NEA THZ EEEEMM» EkddOTNG: XpnoTtog ToaTtoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-31. ctsatsanifos@pangaea.gr,

editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapTwvTar» kal otnv 1oTooeAida www.hssmge.gr
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