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APOPA

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

A landslide’s restoration in a highway of
southwest Greece

Restauration de glissement du terrain d’une auto-
route de la Gréce sud-ouest

G. J. Vlavianos

ABSTRACT The Tsakona landslide occurred in 2003, disrupt-
ing completely the traffic in the highway between Tripoli
and Kalamata, and constitutes one of the larger road land-
slides. In a few words, the main objectives of the present
study are the following: (a) A brief description of the area
and the circumstances under which the landslide happened.
(b) A brief presentation of the geological and geotechnical
investigations carried out after the landslide. (c) A reference
of the various proposals for the confinement of the landslide
and the long term restoration of traffic movement, followed
by a small review of similar phenomena in the national road
network of Greece and the experience from their confronta-
tion. (d) A presentation of the technical solution which was
adapted. (e) A technical report of the foundation type of the
bridge’s piers and abutments. (f) A brief report of the con-
struction progress of the bridge.

RESUME Le glissement du terrain de Tsakona a eu lieu &
2003 et a perturbé complétement le trafic de l'autoroute
reliant Tripoli a Kalamata et constitue un de plus grands
glissements du terrain. Dans quelques mots les objectifs
principaux de la présente étude sont les suivants : (a) Une
courte description de la région et des circonstances sous
lesquelles le glissement du terrain a eu lieu. (b) Une pré-
sentation bréve des investigations géologiques et géotech-
niques qui ont été effectuées aprés le glissement du terrain.
(c) Une référence des diverses proposition pour le controle
du glissement du terrain et la restauration a long terme du
mouvement du trafic. Il s'ensuit une petite revue des phé-
nomeénes similaires qui ont été produites dans le réseau
routier national de la Gréce et de I'expérience de leur con-
frontation. (d) Une présentation de la solution technique qui
a été adoptée. (e) Un report technique concernant la forme
de la fondation (piliers et butées) du pont. (f) Finalement
un report court de progrés de la construction du pont.

1 THE LANDSLIDE

The Tsakona landslide (8th of February 2003) cut off the
National Highway between Tripoli and Kalamata and consti-
tutes one of the largest road landslides that have ever tak-
en place in Greece (Figure 1). The phenomenon was initially
evident by small cracks on the road surface, during the wet
season, and two weeks before the main event (January
2003) by a big hole with dimensions 3 x 3 x 2 m (w x | x d).
The interaction of certain physical aspects such as the li-
thology of the flysch formations at Pindos area and the tec-
tonic strain that these have undergone, the hydrogeological
conditions as a result of tectonically emplaced limestone as
well as the morphology, all contributed to the formation of
an unstable site with notable landslide occurrence during its
recent geological history. Human activity, due to construc-
tion of the National Highway, played its part towards the
site’s recent activation, while the final occurrence was trig-
gered by heavy rainfalls during 2003’s autumn and winter.
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The findings and results of older and more recent geotech-
nical studies as well were used in order to monitor the land-
slide mass, i.e. data from twelve (12) older and nine (9)
more recent drillings, data from older drillings included in-
clinometer measurements and findings from monitoring
changes in the water table level. In conclusion, the geologi-
cal factors that make the structure of this narrow region
glide and influenced the event are the following:

Figure 1. The Tsakona landslide.

a) The morphology characterized by a recess (pelvis) where
a large amount of scree overlying limestone mass was ac-
cumulated.

b) The geological structure of the area where very weak
geoengineering formations exist, such as those of
"flyschoeidous." The surface disintegrated portion, into
which the shear zone of the landslide is activated, is a clay
zone with very low strength.

c) The tectonic structure of the region which is character-
ized by two event tectonic phases, an older in the alpine
orogenesis and a subsequent which caused severe fragmen-
tation and crimping the background formations with conse-
quent deterioration of mechanical characteristics. Further-
more, the development of a weak tectonic discontinuity in
the south end of the landslide, which additionally defines it,
constituting the largest tectonic line in the narrow region,
contributes significantly to the downward movement of the
landslide’s mass.

d) The hydrogeological behavior of the region’s formations
is a very important factor for the landslide’s manifestation.
The existence of limestone that form an upstream huge
water tank, and their contact with the underlying imperme-
able flysch formation, creates favorable conditions for the
development of contact sources of significant provision,
which are discharged into the area of the landslide. The
transmittance, together with the loosely accumulated scree
and the hydrostatic pressure developed at the base contact-
ing the flysch, creates very favourable conditions for the
activation of landslides. Also, the conjuncture of the sources
with the weak Geoengineering horizons of the "flyscho-
eidous" creates instability, causing failures in the mass and
the undermining of overlying limestone. It was found that
the rise in piezometric level in the extreme hydrological
year of 2003 is the main reason that led to the large activa-
tion of the landslide.

e) The human interference occurred with the construction of
the New National Road in the position of the fault, imple-
mented on unstable materials by combining upstream
trench and downstream embankment. Although the materi-
als obtained from the trenches contained a large proportion
of silt-clay, they were used for the construction of em-
bankments without prior consolidation of the background.

f) The heavy rainfall that occurred during the fall and winter
of 2003 together with the geological conditions and human
intervention accelerated the development of the landslide
(Sotiropoulos et all. 2004)
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1.1. Highlights of geotechnical assessment

The landslide occurred within scree which resulted from the
disintegration of the overlying limestone and underlying
siltstone, chert and flysch. Limestone scree is dominant at
sites where permeability and durability are increased, while
elsewhere scree flysch with less permeability and durability
are dominant.

The landslide triggered by feeding large quantities of water
from the overlying limestone. The morphology and testimo-
nies clearly indicate that this is an ancient landslide. The
earthworks of the National Road probably adversely affect-
ed the drainage conditions of the slopes and the overall
balance, but the huge movement took place due to the ex-
cessively wet 2002-2003 winter season. Checking the incli-
nometers showed that after the completion of large dis-
placements (of the order of 80m) there was a period of
several years during which there was no measurable
movement. Creep landslide was observed again in 2008 and
gave movements of the order of 3cm by 2010.

2. RESTORATION SOLUTIONS

A wide range of solutions, including stabilization of the
landslide, slight movement of the shaft upstream, crossing
with a bridge of 200m central span and a bypass tunnel of
1km, were examined. The various alternatives were briefly
the following (Dounias & Belokas 2006):

e Earthwork (excavation-weights)

e Humiliation of the aquifer - Drainage
¢ Pile wall for the National Road

¢ General stabilizing using piles

e Small moving of the axis of National Road with anchored
pile wall

¢ Bridging
e Bypass tunnel

The examination of the solutions above was operated by a
study group and crossing with a bridge or bypassing with a
tunnel were adopted as the two (2) more appropriate.

2.1. Small review of similar severe landslide phenomena in
the national road network of Greece.

a) On the 25th of April 1971 a major landslide occurred in
the area of Panagopoula, uphill of the Corinth-Patras Na-
tional Road in Greece. The landslide happened during the
wet season following the excavation of the slope for the
construction of the New National Road (NNR). The soil
masses reached the sea level and covered the NNR, the old
national road and the rail tracks (Figure 2). The transporta-
tion between East and West Greece was carried out by
small ferries for at least one week after the landslide.

As it was derived from the geotechnical calculations, the
optimum temporary support system was a diaphragm made
of piles. With the data available to date the widening of the
NNR either with a cut or with a half-bridge is not permitted,
so the reconstructed road and rail tracks should pass using
a tunnel (Vlavianos & Cathreptis 1998).

b) On the 18th of February 1995 an extended landslide took
place on the slope of a cut on the New National Road be-
tween Athens and Lamia, at Malakasa. The slide mass was
of about 1,5 million m3. The landslide disrupted the NNR
and the main railway between south and north Greece (Fig-
ure 3).

The investigation that followed revealed the decisive role
that the high pore water pressures played in the manifesta-
tion of instability. Thus the excess pore pressures of the soil
material were faced by pumping. A network of vertical
pumping wells along with a set of sub-horizontal drains was

TA NEA THZ EEEEI'M - Ap. 84 - NOEMBPIOZ 2015

constructed and operated successfully for many months
helping the stabilization of the slope (Marinos et all. 1997).

Figure 2. The Panagopoula landslide.

c) On the 8th of February 2003 an important landslide of
220m width, at the area of the 123rd km of the New Na-
tional Road Korinthos-Tripolis, took place. The sliding
caused a traffic interruption on the national road for two
months. The service was restored after the development of
a bypass road on the same position with the sliding. The
geomorphologic features of the area indicate that in the
past there were sliding problems which became serious af-
ter the construction of the New National Road by the addi-
tional load of the embankment of the road and the in-
creased infiltrations.

Figure 3. The Malakasa landslide.

The main remedial work was the toe buttress of the unsta-
ble slope by constructing a 15m high fence in the valley and
appropriate drainage on the foot of the sliding, and at the
same time the riverbed was re-arranged through the devel-
opment of a sewer along with the use of a drainage network
(Marinos et all. 2004). (Figure 4)

2.2. Crossing with a bridge
The axis of the NNR displaced downstream so it can con-
struct the bridge in alignment. The possible positions of

bridge piers were examined with the following basic criteria:

a. The piers lie outside the main landslide to avoid the risk
of possible future activation.

b. The piers are seated in bedrock at a sufficient distance
from the strongly disturb ant zones or faults.

c. The excavation required for their manufacture can be
supported permanently.
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Figure 4. The landslide of the 123km Korinthos-Tripoli
NNR.

b. The piers are seated in bedrock at a sufficient distance
from the strongly disturb ant zones or faults.

c. The excavation required for their manufacture can be
supported permanently.

d. The northern pier is not compromised by minor slips of
the overlying soil mantle.

e. The fault bounding the landslide towards Kalamata is not
active. If it is active, any movement should be safely un-
dertaken from the vector of the bridge.

The main ancillary works required in the case of bridge con-
struction are plainly the following:

e Restoration works of runoff in the region

e Excavation for the foundation piers, the stabilization of
the slopes upstream the piers and the arrangement of
bad body slope landslide

e Permanent retaining of rocky slopes with permanent rock
anchors and drainage boreholes

e Works of underground drainage of the landslide in the
area upstream the NNR to prevent new very large land-
slide movement

Assuming a total bridge length of 400m from concrete, a
rough approximate cost is estimated to be 50.000.000 €

2.3. Bypassing with a tunnel

In this case you will be bypassing the landslide with a tun-
nel whose length will be about 900m. Due to strong inclina-
tion, it is not appropriate to use a single two-lane tunnel
that will serve both directions. Subsequently, there must be
a twin tunnel construction.

Exactly after the tunnel, a new road section of approximate-
ly 600m will be constructed using an embankment with a
maximum height of about 12m.

The solution of the tunnel is considered to be advantageous
in that it requires no intervention in the landslide and there-
fore it does not involve uncertainties that may increase
costs due to any additional slope stabilization works and
drainage.

From the environmental point of view it was more accepta-
ble as a solution. On the other hand, it was a difficult tunnel
- about half way along the rock mass to be drilled in a very
low profile.

It was estimated that the twin tunnel with the outdoor road
will cost 55.000.000 €.
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2.4. Final decision

The solution of the bridge compared to this of a tunnel was
preferable due to cost. (Figure 5)

Before taking the final decision on the choice of the bridge,
a seism tectonic-seismic hazard study was elaborated
(Pavlidis 2004) that generated the following, as far as the
seismic hazard assessment of the wider area of the study
project is concerned:

- There is no documented existence of possible active tec-
tonic structures in the construction site.

- Based on geological, morph tectonic and seismological
data, there were established the main active and poten-
tially active faults in the region which could possibly af-
fect the technical work, if activated.

- The maximum earthquake design size is estimated at M s
= 6.5 and the maximum expected intensity in the area of
the project at VII - VIII (7-8 in the MM scale). Based on
the expected size of this maximum design earthquake,
the acceleration was calculated at PGA = 0,24 g with a
project importance factor of 0,31 g. As standard seismic
design there can be used the fully studied earthquake of
Kalamata in 1986.

Figure 5. The bridge solution.

3. THE BRIDGE FOUNDATION

Regarding the design of the foundation, the geological and
geotechnical study and research, carried out in several
stages, were taken into account. The bridge consists of two
openings with a total length of 390m. The second aperture
length of 300m bridges the great landslide.

3.1. Abutment AO (North)

The foundation of the abutment AO is a group (3X6) of piles
@120, 15m deep each. The piles are connected with a
2.0m-thick pile cap (9X21m). According to data from the
geotechnical investigations the foundation material is silt-
stone with sandstone intercalations (Fikiris et all. 2011).

3.2. Pier M1

The pier will be based on four shafts (caissons) 6m in diam-
eter and 15m in depth which are connected with a 5m thick
rectangular 23X31m reinforced concrete raft. The pier is
founded on bedrock. According to survey data, in the worst
case the material foundation is in full depth siltstone with
sandstone intercalations at variable rates.

The type of foundation is the largest built in Greece followed
by the foundation of the isthmus bridge of Corinth at 6m
diameter shaft framed by two rows of sand piles (Vlavianos
& Constantinidis 2000).
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3.3. Abutment A2 (South)

The abutment A2 sits directly in the fixed background. The
seating is on two levels. The upper level is at an altitude of
355,8 m and has dimensions of 6.5X28, 7m. The lower level
is at an altitude of 352m and its dimensions are 9.5 X28,
7m. The abutment is founded entirely in sandstone.

4. CONCLUSIONS

In Greece, the morphology of the landscape, the geological
structure of specific areas and the hydro geological behav-
iour of formations, combined with the human activity and
excessive wet seasons, activate minor or major landslides.
It's a big challenge to find- from an economic-technical
point of view- the appropriate restoration solution. In the
case of Tsakona landslide, the bridge solution was selected
after a big study and research.

At the time of writing this paper the construction of the
bridge has advanced greatly. The abutments and the pier
have already been constructed, followed by the construction
of the arch of the bridge. Finally, when the deck gets post-
ed, the construction of one of the longest bridges of this
type in Greece (second in particular) will have been com-
pleted. (Figure 6)

Figure 6. The bridge under construction.
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The mechanical behaviour of a clean sand stabi-
lized with colloidal silica

Le comportement mécanique du sable propre stabilisé
a l'aide de silice colloidale

A.D. Vranna and Th. Tika

ABSTRACT This paper presents a laboratory investigation
into passive site stabilization of liquefiable sands by means
of colloidal silica, CS. In order to examine the improvement
of the mechanical behaviour of liquefiable sands stabilized
with CS, an extensive laboratory testing program compris-
ing monotonic and cyclic triaxial tests was performed on a
clean quartz sand stabilized with CS. The stabilized sample
preparation method adopted in the tests is initially de-
scribed and then results from the above tests conducted on
treated and untreated specimens are presented. It is shown
that stabilization of the sand with CS significantly improves
both the undrained monotonic and cyclic resistance
strength. Furthermore, the development of double ampli-
tude axial strain of at least 5% during cyclic loading does
not influence the undrained shear strength of the stabilized
sand.

RESUME Cet article présente une recherche de laboratoire
sur la stabilisation passive de sites de sables liquéfiables a
I'aide silice colloidale (SC). Afin d’étudier I'amélioration du
comportement mécanique des sables liquéfiables stabilisés
a l'aide de SC, nous avons mis en oeuvre un programme
complet d’essais de laboratoire incluant des essais mono-
tones et cycliques triaxiaux. Ces essais ont été réalisés sur
du sable propre de quartz stabilisé a la SC. Nous commen-
cons par décrire la méthode de préparation des échantillons
stabilisés adoptée pour les essais et, ensuite, nous présen-
tons les résultats des essais précités obtenus sur des
échantillons traités et non traités. Il est montré que la sta-
bilisation des sables a I'aide de SC améliore significative-
ment la résistance tant monotone que cyclique non drainée.
En outre, le développement d'une déformation axiale de
double amplitude d'au moins 5% en charge cyclique n'af-
fecte pas la résistance au cisaillement non drainée du sable
stabilisé.

1 INTRODUCTION

Passive site stabilization is a relatively new method pro-
posed for non-disruptive mitigation of liquefaction risk at
developed sites susceptible to liquefaction. It involves slow
injection of a stabilizing material at the up-gradient edge of
a site and delivery of the stabilizer to the target location, by
means of natural or augmented groundwater flow. Colloidal
silica, CS, has been identified as a potentially suitable stabi-
lizer by researchers in the past few years. CS is an aqueous
suspension of microscopic silica particles produced from
saturated solutions of silicic acid, H4sSiO4 (Iler 1979). In di-
lute solutions, CS has a density and viscosity similar to wa-
ter and can be made to gel by adjusting the ionic strength
or pH of the given solution. This property allows it to be
injected or mixed with soil, so that after gelling colloidal
silica blocks the void space in the soil and therefore alters
its mechanical behaviour. The principal advantages of CS
over other potential stabilizers are its excellent durability
characteristics, its initial low viscosity and the ability to at-
tain low permeability in grouted soils, long controllable and
reproducible gel times, nontoxicity and its low cost.

Previous studies on the mechanical behaviour of sands sta-
bilized with CS, mainly involve unconfined compressive
strength tests and physical modeling tests. Monotonic and
cyclic triaxial testing on sands stabilized with CS are report-
ed in literature among a few others by Kabashima &
Towhata (2000), Gallagher (2000), Gallagher & Mitchell
(2002), Diaz-Rodriguez et al. (2008) and Mollamahmutoglu
& Yilmaz (2010).

With increasing application of passive site stabilization,
there is need to better understand the behavior of sand
stabilized with CS under different loading conditions. The
need also for the development of standard testing methods
calls for the expansion of the existing database of test re-
sults on these soils. To this extent, a series of monotonic
and cyclic tests was performed on a clean sand, stabilized
with CS. To assess the effectiveness of the CS stabilization,
a series of monotonic and cyclic tests on untreated sand
samples was also conducted. The results from the two se-
ries of tests are presented and discussed.

2 EXPERIMENTAL PROCEDURE
2.1 Tested materials

The soil used in this study is a natural clean quartz sand
(M31) with grains of variable roundness and sphericity. It
has a specific gravity Gs =2.655, maximum and minimum
void ratios of emax = 0.805 and emin = 0.558 respectively, a
mean diameter Ds, = 0.31mm and a uniformity coefficient
of C, = 1.5. Its gradation curve lies within the bound grada-
tion curves, suggested for liquefiable soils.

Ludox SM-30 was selected as the stabilizing agent of sand
specimens, supplied as a 30% by weight silica solution with
a viscosity of 5.5cP, a pH of 10 and an average particle size
of 7nm. Distilled water was added to the initial solution in
order to obtain a concentration of 10% CS. Gel times of the
studied solution were investigated by conducting viscosity
measurement tests by means of a rotating Brookfield vis-
cometer. Typical test results for CS = 10% solutions with
the same pH value and different salinity are presented in
Figure 1. It is noted that gel time was defined as the
elapsed time for which the tested solution viscosity is equal
to n = 3.5cP. Beyond that value, viscosity increases rapidly
and eventually the solution transforms into a rigid gel.
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Figure 1. Variation of viscosity, n, with time, t, for CS =
10% solutions with pH = 6.00 and different NaCl concentra-
tions.

It was decided to employ a CS gel time equal to 10 hours,
which was determined by adjusting the pH value to pH =
6.0, as well as the NaCl concentration of the solution to
0.03N.

2.2 Testing programme

Cylindrical specimens (height/diameter & 100mm / 50mm)
were prepared at various densities, using the undercom-
paction method, as proposed by Ladd (1978), both for the
untreated and treated sand. Saturation was achieved by
percolating throughout the specimen, first carbon dioxide
gas (CO,) and then deaired water. Following, the CS solu-
tion was likewise injected into the specimens until it filled
the soil voids. The procedure was assumed complete when
a solution volume equal to four times the soil specimen vol-
ume was extracted from the top of the specimen. The vis-
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cosity of the CS solution remained low (n < 3.5cP) through-
out the specimen percolation process.

After the setting of CS, samples were placed in a constant
temperature and humidity chamber for a curing time of five
times the CS gel time. Saturation of specimens prior to
testing would damage the formed CS bonds and hence was
not performed. Furthermore, the measurement of any ex-
cess pore water pressure would be unreliable, due to lack of
pore water inside the treated specimens.

The monotonic testing programme consisted of undrained
isotropically consolidated tests on untreated sand speci-
mens and unconfined compression, as well as undrained
consolidated tests on treated specimens. All types of tests
were performed using a closed-loop automatic cyclic triaxial
apparatus (M.T.S. Systems Corporation) (Papadopoulou
2008; Vranna 2014).

In the monotonic tests, specimens were subjected to un-
drained compression at a constant strain rate of 0.1%/min.
In the cyclic triaxial tests, a sinusoidally varying axial stress
(xo0d) was applied at a frequency of f = 0.1Hz, under un-
drained conditions. In this work, the occurrence of double
amplitude axial strain, epp = 5% is used as a reference point
to define cyclic softening of both treated and untreated
specimens. For this reason, a series of cyclic triaxial tests
with different cyclic stress ratios, CSR = o4/ 20", was car-
ried out in order to determine the number of load cycles, N,
required for the development of €pn = 5% both for the
treated and untreated specimens. In view of the typical
number of load cycles of actual earthquakes (10 to 20 for
an earthquake of M7.5 magnitude), in this work the onset
of liquefaction and thus the cyclic resistance ratio, CRRys, is
considered as the cyclic stress ratio, CSR = a4 / 20", re-
quired to produce epp = 5% in 15 load cycles. Confining
stresses of either 100kPa or 300kPa were used in the tests.

3 TEST RESULTS
3.1 Monotonic response

Figure 2 presents the Mohr-Coulomb peak shear strength
envelopes of the treated and untreated sand samples at a
relative density, D, = 25.8-29.2%. It is shown that the in-
crease in strength of the treated samples over that of the
untreated occurs mainly as a cohesion intercept. This indi-
cates that introduction of CS into the sand induces a cohe-
sion factor by infilling the voids and creating bonds among
the sand grains.

Figure 3 presents the variation of the undrained shear
strength, s,, with void ratio of treated and untreated sand
samples. The undrained shear strength, Symax = Qumax / 2,
of the treated specimens was determined at the point of the
maximum deviatoric stress, qumax, Which corresponds to an
axial strain, €, = 5.0 - 8.0%. For comparison reasons, in the
case of untreated samples, the undrained shear strength at
the phase transformation state, s,rr = Qpr/2, was used
(point of transition from a contractive to a dilative response,
that takes place at a minimum effective mean stress), since
it was triggered at a comparable range of & = 1.1 - 4.6%.
It is noted that the undrained shear strength of the untreat-
ed samples at critical state was triggered at larger values of
€, €& = 10 - 30%. It is again shown that the undrained
shear strength for the treated sand samples is considerably
larger than the corresponding of the untreated samples,
under the same effective stress. Moreover, the undrained
shear strength of the treated sand increases with increasing
confining stress. For the studied density range, it doubles
when o', increases from 100kPa to 300kPa.

1 T 1

r=62.0+ cr‘,_, - tan31°

| D, = 25.8+29.2%
——CS=0%

| P ;
Ex__’ 400 JM" - tan30°
iz -~

\ <

1200

Figure 2. Peak shear strength envelopes for treated and
untreated samples of D, = 25.8-29.2%.
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Figure 3. Variation of the undrained shear strength, s, with
void ratio, e for the treated sand samples, at 'y = OkPa,
100kPa and 300kPa, as well as the untreated samples, at

0'o = 100kPa and 300kPa.

3.2 Cyclic response

Figure 4 compares the cyclic response of medium dense
untreated and treated specimens, subjected to CSR = 0.40-
0.45 under 0’0 = 100kPa. It is indicated that the untreated
sand samples experience much larger strain in fewer load-
ing cycles, N, than the corresponding treated samples.
Whereas the values of N for €pa = 1, 2.5 and 5% are very
close for the untreated specimen, for the treated specimen
there is a distinct difference between N for €pa = 2.5 and
5%. For the untreated sample, as seen in Figure 4b, €pa in-
creases rapidly and complete liquefaction is reached
(Au/c'y = 98% at epa = 5.6%), whereas for the treated
sample, epa increases gradually during cyclic loading. The
same pattern of behaviour was also observed at different
CSR and void ratios.

Figure 5 presents the variation of cyclic stress ratio, CSR,
with N required to reach three levels of epp = 1, 2.5 and 5%
for the treated specimens under o'y = 100kPa, at a loose
and a medium dense state. The numbers of cycles required
to reach epp = 1, 2.5 and 5% are considerably different
from each other, especially at lower CSR values.
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Figure 4. (a) Variation of double amplitude axial strain, epa
with time, t, for treated and untreated sands, for e =
0.696-0.700 and CSR =~ 0.43 under o'¢ = 100kPa. (b) Vari-
ation of normalized excess pore water pressure, Au/o o,
with time, t, for the untreated sample of Fig. 4a.

Figure 6 presents the variation of CSR with number N, for
€pan = 5%, for treated and untreated specimens, at two dif-
ferent ranges of void ratio and o'y = 100kPa. There is a
remarkable increase of N, for loose, as well as moderately
dense treated samples, as compared to the corresponding
of the untreated samples.

The variation of liquefaction resistance, CRR;s, with void
ratio, e, for untreated and treated sands at 6’ = 100kPa, is
presented in Figure 7. It is shown that treated sands pos-
sess at least double the liquefaction resistance of untreated
sands, under 6" = 100kPa, for the studied densities.

To examine the possibility of particle bonding breakage dur-
ing cyclic loading of the treated samples, undrained mono-
tonic compression tests were performed on treated samples
after their cyclic loading to at least €pa = 5%. The number
of preceding loading cycles was N = 7+628 and the preced-
ing accumulated strain was epp = 5+10%. The test results
for this post-cycling shear strength are shown in Figure 8,
in which they are also compared with the corresponding
shear strength of treated samples not subjected previously
to cyclic loading. It is shown that the loss in shear strength
during cyclic loading is insignificant. It may be concluded
therefore that no degradation in shear strength of treated
samples subjected to cyclic loading takes place. This con-
clusion agrees with previous studies on the post-cycling
shear strength of sand stabilized with CS (Mollamahmutoglu

TA NEA THZ EEEEI'M - Ap. 84 - NOEMBPIOZ 2015

& Yilmaz 2010), indicating that no deterioration of sand
improvement occurs during cyclic loading.
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Figure 5. Variation of CSR, with number of cycles N, for
treated sands, at ' = 100kPa and at different values of
€pa, for (a) e = 0.680-0.696 (D, = 47.3%) and (b) e =
0.759-0.764 (D, = 17.7%).

4 CONCLUSIONS

According to the test results, stabilization of loose to mod-
erately dense sands with 10% CS significantly improves
their monotonic and cyclic response and thus greatly reduc-
es liquefaction risk. In particular, the following conclusions
can be drawn from the work presented:

a) The increase of the Mohr-Coulomb peak shear strength
of treated samples over the corresponding of the un-
treated samples, occurs mainly as an increase of the co-
hesion intercept.

b) The undrained monotonic shear strength of the treated
samples is significantly larger than the corresponding of
untreated samples at comparable strains. It also increas-
es with increasing effective stress up to 300kPa.

c) For the materials tested at the studied density range,
treated sands possess approximately double the liquefac-
tion resistance of untreated sands, under o'y = 100kPa.

d) The treated samples exhibit increased deformation re-
sistance to cyclic loading, as compared to the untreated
samples which experience much larger epa in fewer cy-
cles.

e) Post-cycling undrained monotonic shear strength of

treated samples is not affected by the accumulated
strains (at least €pa ® 5%) during the preceding cyclic
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loading, indicating that no deterioration of sand im-
provement occurs during cyclic loading.
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Figure 6. Variation of CSR, with number of cycles N, re-
quired for €pa = 5%, for sands with CS = 0% and 10%, for
(a) e = 0.668-0.696 (D, = 49.8%) and (b) e = 0.735-0.743

(Dr = 26.6%), at 0" = 100kPa.
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Figure 7. Variation of CRR15 with void ratio, e, for soils
with CS = 0% and 10% at o', = 100kPa.
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Estimation of elastic and non-linear stiffness
coefficients for suction caisson foundations

.....

non-linéaire pour des fondations de caissons a suc-
cion

F.M. Gelagoti, P.P. Lekkakis, R.S. Kourkoulis and G.
Gazetas

ABSTRACT This paper investigates the stiffness of suction
caisson foundations both in the elastic domain and when
considering material and interface nonlinearities. First, at
small strains, expressions from the literature are used to
identify the stiffness matrix of a solid embedded foundation.
Following, expressions for the stiffness components of flexi-
ble skirted foundations are engendered for variations in the
characteristics of the system normalized by a parameter
that produces unique stiffness values. The second part of
the paper involves the investigation of the stiffness of the
system in the large-strain domain. Both full contact condi-
tions as well as the assumption of interfaces are examined
and corresponding charts are produced that allow the calcu-
lation of the reduction in the stiffness components with in-
creasing rotation and displacement.

RESUME Cet article étudie la rigidité des fondations caissons
a succion a la fois dans le domaine élastique et lors de
I'examen des nonlinéarités de matériel et d'interface. Tout
d'abord, en petites déformations, des expressions de la lit-
térature sont utilisées pour identifier la matrice de rigidité
d'une fondation solide encastrée. A la suite, des expressions
pour les composantes de rigidité de fondations flexibles de
caissons sont engendrées pour des variations dans les ca-
ractéristiques du systéme. Les expressions sont normalisées
par un parameétre qui produit des valeurs de rigidité unique.
La deuxiéme partie de I'article implique I'examen de la rigi-
dité du systeme dans le domaine de grandes déformations.
Des conditions de contact complet sont examinées et des
graphiques correspondants sont réalisés permettant le cal-
cul de la réduction des composants de rigidité avec I'aug-
mentation de la rotation et du déplacement.

1 PREFACE

Various publications in the past decades have tackled the
subject of elastic static or dynamic stiffnesses for various
foundation shapes and types [i.e. Poulos & Davis, 1974;
Gazetas, 1983, 1987, 1991; Roesset, 1980; Doherty &
Deeks, 2003, 2005; Doherty et al., 2005]. Recently, a
methodology including the geometrical and material nonlin-
earities for the case of a surface footing lying on an un-
drained soil stratum was introduced by Gazetas et al.
[2012], in which the effective nonlinear rocking stiffness of
the system is estimated. Through an iterative procedure,
the proposed method provides an accurate prediction of the
foundation response in the large strain domain.

Far more little work has been conducted to define the elas-
tic let alone the nonlinear stiffness coefficients of a suction
caisson. Just recently, Doherty et al. [2005] estimated the
purely elastic stiffness coefficients for various cases of skirt
embedment, Poisson's ratio as well as skirt flexibility.

2 ELASTIC STIFFNESSES OF A SUCTION CAISSON

2.1 Modified elastic stiffness coefficients for Circular Solid
Embedded Foundations

The expressions that have been formed in previous works
for embedded foundations are all for a reference point at
the bottom of the foundation. In producing relationships
between embedded and skirted foundations, this would be
inconvenient since the skirts are also flexible and the rela-
tive position of the reference point (with the exception of
fully rigid skirts) would change depending on the degree of
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flexibility. Thus, the first step in deducing these expressions
must be the translation of the load reference point to the
top of the foundation, which is rigid in all cases.

In Figure 1, the absolute displacement of the reference

point at the top as well as the transformed moment is
shown for small rotations of the solid foundation.

u+ D¢

v

. M*=M-DH

[ )

r—-——-—--—-

Figure 1. Change in absolute displacement and moment if
the load reference point is taken at the top of the founda-
tion

Below, expressions of the stiffness matrix will be used in
conjunction with the moment and displacement definitions
from Figure 1 to deduce the same expressions for a
change in the load reference point to the top of the founda-
tion. The subscript b denotes that the variable refers to the
bottom of the foundation, whereas the subscript t refers to
the top. Since the vertical stiffness clearly remains the
same wherever the reference point is taken, it will not be
added to the operations below.

M, = Kg,0 + K¢, u (1)
Hy = K, 0 + Ky, u 2)
M; = Kp,0 — K¢, (u + D6) 3)
H; = —K¢,0 + Ky, (u + D6) (4)

The signs of the cross-coupling stiffness coefficients have
been chosen so as to ensure that the coupling terms will
have a positive value. Therefore, when referring to the top,
when a horizontal force acts on it, the foundation tends to
rotate and an opposite-direction moment must be applied to
resist this rotation; thus the coupling term will have a nega-
tive sign. In the same manner the positive sign was taken
for the coupling term at the base of the foundation. Three
additional equations are needed to define the horizontal and
rocking stiffness coefficients as well as the coupling term at
the top of the caisson; one equation that can help in this
transformation is that relating the moment at the top (Mt)
to the moment (Mb) and shear force (H,) at the bottom of
the foundation:

M; = My, — H,D Q)

The second equation is the equality of the horizontal forces,
for any reference point taken at the foundation:

H, = H, (6)

Only one equation remains to make the system determi-
nate. This can be given by any of the two cases shown in
Figure 2, where either the horizontal displacement (2 a) or
the rotation (2 b) of the foundation is constrained (v = 0 or
6 = 0 respectively). The solution of the system is given be-
low:
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KHt KHb
Kg, t = {Kp, + (Ku,D — 2K, )D 0
KC]: KHbD - ch

The vertical stiffness of the foundation obviously remains
the same. Thus, with (7) the equations that have been de-
rived for the base of the embedded foundations can be easi-
ly translated to the top of the foundation.

5
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Figure 2. Sub-cases of Figure 1: (a) imposed rotation at
the base with constrained displacement and (b) imposed
horizontal displacement with constrained rotation.

The transformed expressions calculating the stiffness for the

reference point at the top of the foundation, according to
Gazetas

4GR

KV=—(1+13$)(1+055 2) |1+
(0.85—0.282) -2 8)

H-D

Ki="m(1+055) (1+2)(1+1252)  (9)

Ky = 38{‘1;_’:"; (1+0172)(1+22)(1+0652) +
+ 2Ky D? (10)
K = =KyD (11)

2.2 Elastic Stiffnesses of Circular Flexible Skirted Founda-
tions

Having defined suitable expressions for the elastic stiffness
coefficients of cylindrical solid caissons, the second part of
the process of deriving expressions for skirted foundations
is to find a dimensionless parameter that will be able to
produce unique stiffness values for differing soil conditions
and skirt flexibility. The lid of the suction caisson is consid-
ered rigid; thence, if the skirts have a very small thickness
or elastic modulus, the foundation will behave like a surface
footing.

Similar to the dimensionless parameter J defined by
Doherty et al. [2005], a new parameter is introduced as
follows:

:P — Esteel t (12)

Egoit B

where Eg.e the elastic modulus for steel (usually 210 GPa),
t the skirt thickness, Es; Young's modulus for the soil and B
the foundation diameter. By conducting several analyses
where one of the above parameters was varied while the
rest remained constant, it was found that indeed unique
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stiffnesses were defined by the value of P (deviation of 2%
at most).

Also, for very small values of P the stiffness coefficients
reduced to those for a surface foundation. Conversely, for
very large values of P, the stiffness coefficients are practi-
cally equal (difference of 3-4% for large embedment ratios)
with those of an equivalent solid embedded foundation.

The purpose is to elicit a "reduction" factor which when
multiplied with the stiffness of the solid foundation would
yield the stiffness of the equivalent skirted foundation.
Therefore, the results presented are in the form of fractions
of the stiffness of the solid foundation in percentile form.
The variation of these results with P for each type of stiff-
ness is plotted in Figures 3 to 6.

10
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0.1 -I-D,.I’B 0.5
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P

Figure 3. Ratio of the vertical stiffness of a skirted founda-
tion over the stiffness of the equivalent solid foundation
versus P.
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Figure 4. Ratio of the horizontal stiffness of a skirted foun-

dation over the stiffness of the equivalent solid foundation
versus P.

It was found that the curves produced can be approximated
by the following function:

Krigid_Ksqu

» :
S(g?) — Ksurf + Ksolid (13)

Ksolid 1+p

-b
D\ D c

‘p(?’B) —da (B) P (14)

a, b, c : factors varying for each type of stiffness.

Ksurr : stiffness of the equivalent surface foundation.

Ksoig : stiffness of the equivalent solid embedded founda-
tion.

Krigia : stiffness of the equivalent rigid skirted foundation.
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Kiigia is given by multiplying Ks.ig With the appropriate factor
from Table 1.
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Figure 5. Ratio of rocking stiffness of a skirted foundation
over the stiffness of the equivalent solid foundation vs P.
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Figure 6. Ratio of the coupled swaying-rocking stiffness of
a skirted foundation over the stiffness of the equivalent
solid foundation plotted against P.

Table 1. Reduction factors for K iq

Swayed -

Vertical Horizontal Rocking ;
Rocking

Krigia/Ksotia 1-004D/B 1-0.03D/B 1-0035D/B 1-0.04 D/B

It can be considered as a simplification for the embedment
values of interest (D/B < 1) that Kigia = Ksoia. Table 2 pre-
sents the values for factors a, b and c for each type of stiff-
ness as well as the maximum error between (13) and the
finite element analysis results.

Table 2 Coefficient Values and maximum Error for Equation (13)

Stiffness a b [ Error
Ky 0.9 0.5 0.85 1.4%
Ky 0.3 0.75 0.8 1.8%
Ky 025 1 0.8 3.4%
K 0.2 0.7 0.85 5.6%

3 NONLINEAR STIFFNESS COEFFICIENTS
3.1 Generalities

The elastic stiffness coefficients may only be considered
approximately correct in the small-strain domain. For large
displacements or rotations, geometric and material nonline-
arities start to affect the response of the system and the
expressions derived previously are no longer applicable.
Thus, it is important that the behavior of the system be
investigated as it enters the plastic domain and soil yield-
ing, sliding, detachment and even uplift govern its re-
sponse.

In order to reduce complexity of this strongly nonlinear
problem, the skirts are initially considered rigid while "full
contact" conditions are assumed at the soil-foundation in-
terface. Again, three embedment ratios (D/B = 0.2, 0.5 and
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1) will be the subjects of investigation for this section. Only
results for the horizontal, rocking and cross-coupling stiff-
ness coefficients will be presented.

3.2 Nonlinear Stiffness for very high FSV values

Following Gazetas et al. [2012] recommendation, the effec-
tive rocking stiffness degradation is defined as a function of
the initial Factor of Safety against vertical loading (FS) and
the level of imposed deformation u [K(u,FS) / (K(0,FS)]. In
this study the stiffness degradation coefficient is examined
only for very high factors of safety (i.e. FS = 97) - a quite
typical loading condition for offshore wind-turbines. For
such high values of FS the K (0, FS) term is practically the
elastic term defined in the previous paragraph.

Results are shown for the horizontal and coupled swaying-
rocking stiffness in Figures 7 and 8. The cross-coupling term
of Figure 8 has been derived from analyses with imposed
zero rotation and horizontal displacement to failure. Note
that in Figure 7 the imposed displacement u is divided by
the term u: (to produce the nondimensional term u/uy)
where:

D 0.7
u, = B (1 +038 (E) ) (15)
§ =
Ky (u, FS
K, (0, FS)
0.8
0.6
0.4
02 { —p/B=02
==D/B=0.5
o L —D/B=1 AR il
0.00001 0.0001 0.001 0.01 0.1

u/u,
Figure 7. Dimensionless chart of the reduction in the hori-
zontal stiffness with increasing horizontal displacement,
under zero rotation and full contact conditions.

Ke(u, FS !
K (0, Fs)
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§ D/B=1.0 ] . -
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Figure 8. Dimensionless chart of the reduction in the cou-
pled swaying-rocking stiffness with increasing horizontal
displacement, under zero rotation and full contact condi-

tions.

With this operation all curves (irrespectively of the embed-
ment depth of the suction caisson) fall practically within a
unique line (maximum deviation for horizontal stiffness less
than 2% and for crosscoupling stiffness less than 7%). The
"bumps" present in the curves reflect the shaping of new
failure zones beneath, around and within the skirts as they
temporarily relieve the ones already formed due to excess
displacements/rotations.

The same procedure as above is carried out for the rocking

stiffness and cross-coupling stiffness derived from imposed
rotation with zero horizontal displacement. Figures 9 and 10
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represent dimensionless charts where the reduction in the
rocking stiffness and cross-coupling term with increasing
rotation is plotted against the angle of rotation normalized
by a parameter similar to u;, namely 6;, which is equal to:

9, = (1 ~02 (g)z) @19 (16

1

K, (9, FS)
K, (0, FS)
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0.4
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—D/B =0.5
a D/B=1 —
0.00001 0.0001 0.001 0.01 0.1 1

9/0,

Figure 9. Dimensionless chart of the reduction in the rock-
ing stiffness with increasing rotation, for zero displacement
and full contact conditions.
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Figure 10. Dimensionless chart of the reduction in the cou-
pled swaying-rocking stiffness with increasing rotation, for
zero displacement and full contact conditions.

4 CONCLUSIONS

The stiffness of the soil-foundation system was investigated
both in the elastic domain and when nonlinearities are con-
sidered. Expressions from the literature were used to identi-
fy the stiffness matrix of a solid embedded foundation with
the load reference point at its top.

Following, expressions for the stiffness components of flexi-
ble skirted foundations were engendered for variations in
the characteristics of the system normalized by a parameter
that produced unique stiffness values. These were evaluat-
ed with other methodologies in the literature and their dif-
ference was considered within reasonable limits.

The second part of this paper involved the investigation of
the stiffness of the system in the large-strain domain. Full
contact was examined and corresponding charts were pro-
duced that showed the reduction in the stiffness compo-
nents with increasing rotations and displacements, giving
the ability of estimating with an iterative procedure the true
displacement and rotation of the foundation for imposed
horizontal and moment loading.
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Pumped storage hydropower round-up

The benefits pumped storage has to offer are such
that its value is soaring as energy systems move to-
ward cleaner forms of electricity generation. Pumped

hydro is consequently attracting significant global

investment.

David Appleyard
Chief Editor of HRW - Hydro Review Worldwide magazine

In May this year the International Hydropower Association
(IHA) released its 2015 Key Trends in Hydropower report,
showing that 1.46 GW of new pumped storage capacity was
put into operation in 2014.

It is clear that the advantages of pumped hydro in terms of
voltage and frequency regulation of the grid and reserve
capacity capabilities make the technology increasingly at-
tractive, particularly in the face of the increasing influence
of variable output renewables such as wind and solar.

The IHA says in Europe, pumped storage continues to be a
focus, with new facilities totalling 8,600 MW in the planning
and construction stages.

Developments in variable-speed technology are expected to
be a key component of this new capacity, the IHA adds.

Europe is pushing forward with a swathe of new pumped
storage projects with new build and refurbishment and re-
placement of electromechanicals and uprating civils.

For example, global technology manufacturer Alstom re-
cently received an order from Vattenfall Europe Generation
AG for the overhaul of a synchronous generator at the
1,050 MW Markersbach pumped-storage plant on Germa-
ny’s Mittweida River.

A contractual option covers the overhaul of Markersbach’s
four remaining generators at a rate of one unit per year.

Markersbach was commissioned in 1979 and is the second-
largest pumped-storage project in Germany.

Vattenfall Europe Generation, the German unit of Sweden-
based Vattenfall AB, has performed numerous modifications
to Markersbach since it was put into operation. In 2013, it
took bids to expand the upper and lower reservoirs of the
project. In 2012, the utility took bids for concrete work at
11 hydro projects including Markersbach. Most recently,
Vattenfall sought bids to upgrade and repair pump-turbines
and other equipment in March 2014.

Elsewhere in Germany, March saw a unit of European utility
Statkraft invite applications to expand the water storage
capacity of the 200 MW Erzhausen Pumped-Storage project
in Germany, built in 1964.

Work would involve the crest of the ring dam and intake
structure of the upper reservoir, the overflow threshold at
the pumping station and the water side embankment slope
of the lower reservoir's main dam.

In 2014, Voith announced that it had been awarded a con-
tract by E.ON Kraftwerke GmbH involving the replacement,
assembly and commissioning of the stator and rotor of the
generator in unit 6 at the Waldeck 2 pumped storage power
plant, in North Hesse, Germany. The contract includes an
option for the modernization of a further machine. Con-
struction of the original power plant took place in 1970.

The project should ensure an increase of about 10% in effi-
ciency of the machine unit.

This year Voith has also been commissioned to modernize
four motor-generators at the 1,290 MW Vianden pumped

storage plant in Luxemburg. The project includes design,
construction and installation of four rotors.

Vianden is located close to the border between with Germa-
ny and feeds directly into the German power network. The
plant is owned by Societé Electrique de I'Our S.A. and is
marketed and used by RWE Generation.

A swathe of new pumped storage development is underway.
Source: Vattenfall

The plant was first set into operation in 1964. After expan-
sions in 1976 and 2014, the total installed pump capacity is
1045 MW.

Germany’s pumped-storage power plants have a combined
capacity of about 7 GW, but a recent study by the
Rheinisch-Westfalische Technische Hochschule (RWTH) Aa-
chen University and Voith indicates there is potential to add
to nearly 24 GW of new pumped-storage capacity in the
states of Baden-Wirttemberg and Thuringia.

Dr. Andreas Schafer, chief engineer at the Institute for Elec-
tric Plants and Energy at RWTH Aachen, commented:
“Pumped-storage plants would offer important systems ser-
vices, especially for control reserves, but also for the provi-
sion of secured outputs. In this way, pumped-storage sys-
tems can make a contribution to the success of the energy
transition.”

The study shows that with a 60% share of renewables,
about 2 TWh of renewable electricity can be additionally
utilized if pump storage capacity in Germany is increased to
a total capacity of 15 GW.

Stephan Kohler, Chairman of the Board of Deutsche
Energie-Agentur (dena), argues that more should be done
to recognise the ancillary services potential of pumped hy-
dro: “Pumped storage power plants should be given first
priority, because they are the only existing industrial-scale
power storage systems and, beyond that, also make many
valuable contributions to the power grid. We have to adapt
the framework conditions in such a way, that this added
value is also adequately remunerated.”

In neighbouring Austria, this year saw the civil engineering
contract for a new 940 MW pumped-storage plant.

Pumpspeicherkraftwerk Koralm GmbH has selected ILF Con-
sulting Engineers and AF-Consult to provide engineering
services for the Koralm project in Austria.

The Koralm plant will include an upper and lower reservoir,
headrace, penstock and tailrace, surge tank, cavern power-
house and access tunnel, transmission line and switchyard.
The plant is expected to have a head of about 650 m and
will the largest hydroelectric plant in Austria upon its com-
pletion.

Austria is also home to the new Ober-vermuntwerk II and
Rellswerk pumped storage projects, which are located in
Montafon, Vorarlberg. Voith will supply the energy provider
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Vorarlberger Ill-were AG with two pumps and a pump tur-
bine for the two projects under the terms of a contract an-
nounced in December 2014. The Obervermuntwerk II
pumped-storage power plant is being constructed between
the Silvretta and Vermunt reservoirs at an altitude of
around 1700 m.

For the Obervermuntwerk II, Voith is to supply, assemble
and commission two 170 MW storage pumps. For the new
Rellswerk project, Voith Hydro will supply a 13 MW, 3-stage
pump turbine.

Over in Portugal EDP - Gestdo da Produgdo de Energia,
S.A., awarded an ANDRITZ HYDRO-led consortium an order
for the supply and erection of the complete electromechani-
cal equipment for the pumped storage project Foz Tua.

The contract includes two reversible pump turbines of 120
MW each and the station will be erected on the river Tua, a
tributary of the Douro River in the north of Portugal.

Portuguese pumped storage also got a boost in 2015 with
the delivery of a spherical valve to be installed at the 383
MW Frades 2 pumped-storage hydro plant. The 170 tonne
component is one of two that will control flows through the
Frades 2 plant’s pair of reversible pump turbines on the left
bank of the Cavado River.

Refurbishment of pumped storage can significantly increase
capacity. Source: Vattenfall.

The Americas

Although only Argentina is the only South American country
to have installed significant pump storage capacity to date,
the technology is certainly under consideration. In a novel
application, for example, proposals have been put forward
that would see a 600 MW solar plant coupled with a 300
MW pump-storage facility in Chile. According to the pro-
posals from developer Valhalla Energy and submitted to
Chile’s environmental regulatory authorities (Servicio de
Evaluacion Ambiental, SEIA), the hydroelectric pumped-
storage plant set for the northern Tarapaca region will use
seawater.

The so-called ‘Mirror of Tarapaca’ project is expected to
require an investment of some US$1 billion.

While South America has seen very limited pumped-storage
development to date, North America is on a roll, with a raft
of announcements suggestive of a buoyant market for addi-
tional pumped storage capacity.

In September, for example, GB Energy Park LLC and Alstom
announced an agreement for equipment supply for the 400
MW Gordon Butte project.

A closed-loop pumped storage facility in south central Mon-
tana, it will consist of upper and lower reservoirs connected
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by an underground concrete and steel-lined hydraulic shaft.
The head between the two reservoirs if 1,025 feet. The
powerhouse will contain four pump-turbine units with total
installed capacity of 400 MW and expected annual energy
generation of 1,300 GWh.

This followed news that San Diego is to pursue a two-year,
$900,000 study of the proposed San Vicente pumped-
storage hydropower project that would involve the con-
struction of a 240 to 500 MW hydroelectric plant using the
existing San Vicente Dam and reservoir.

This year also saw United Power Corp. file an application to
study development of the 30 MW South Maui Pumped-
Storage project on the south coast of Maui Island, Hawaii.
This project would also use seawater from the Pacific
Ocean.

The proposed project includes an upper reservoir composed
of four concrete storage tanks and a powerhouse containing
three 10 MW variable-speed pumps and two 15 MW varia-
ble-speed Pelton turbine-generators. Estimated annual gen-
eration is 5.2 GWh.

And, in a recent development, an affiliate of Eagle Crest
Energy has agreed to buy the Kaiser Eagle Mountain mine
near Desert Center, California, as part of a plan to create a
new pumped storage hydropower plant from two of the iron
ore mine's vacant pits.

The project is expected to have a capacity of up to 1,300
MW.

Africa’s pumped hydro ambitions

Although a vast tranche of Africa’s conventional hydropower
potential has yet to be developed, pumped storage projects
are nonetheless underway.

In South Africa, incumbent utility Eskom is increasing its
pumped storage capacity with a new project set to be
commissioned this year. Eskom’s operational pumped-
storage schemes include the 1,000 MW Drakensberg in the
mountains of the Northern Drakensberg of KwaZulu-Natal
and the 400 MW Palmiet, 2 km upstream of Kogelberg Dam
on the Palmiet River near Cape Town.

A third pumped-storage site, the 1,332 MW Ingula project,
is being constructed 55 km from Ladysmith, within the Dra-
kensberg range, on the border between the Free State and
KwaZulu-Natal provinces. The scheme is being built on a
9,000 ha site at a cost of RND8.9 billion.

Development of the pumped storage scheme was first pro-
posed in 2002. Construction encompasses two dams for the
upper and lower reservoirs; a powerhouse, two tunnels,
access roads and transmission lines. The underground pow-
erhouse contains four 333 MW pump turbines.

And, in July this year, the Lesotho Highlands Development
Authority (LHDA) issued a tender call for economic studies
and development arrangements for the 1200 MW Kobong
Pumped-Storage project.

South Africa’s Cabinet agreed in 2008 to invest US$712
million in the Lesotho Highlands Water Project (LHWP)
Phase 2, which includes construction of Kobong Pumped-
Storage project, Polihali Dam as upper reservoir for Kobong,
a Polihali-Katse transfer tunnel, roads and associated envi-
ronmental and social programs.

A contract was recently awarded to Maleka, Ntshihlele,

Putsoa Joint Venture for 8 million maloti (US$648,397) for
demarcation of Polihali Reservoir.
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Asia expands PS projects

Asia, too, is seeing its share of development. Recently, a
consortium led by South Korean builder Daelim Industrial
Co., was selected to build the 1040 MW Upper Cisokan
pumped storage hydropower plant in Indonesia’s West Java
province.

The consortium also includes Italian construction firm
Astaldi SpA and Indonesia’s Wijaya Karya (WIKA). Being
developed on behalf of Indonesian utility PLN, the deal is
worth about US$323 million.

Financing for the project is coming in large part from the
World Bank.

In July, Nepal advanced the development of its first pumped
storage hydro project, as Tanahu Hydropower Ltd awarded
contracts to engineering firm Lahmeyer International GmbH
and sub-consultant Manitoba Hydro International. The con-
tracts relate to the development of the 140 MW Tanahu
pumped-storage project.

Tanahu will be located on the Seti River about 100 km from
Kathmandu. The project’s upper reservoir will be impound-
ed by a 140-meter-tall gravity dam.

More recently, in September, Voith was awarded a new con-
tract to supply electromechanical equipment for a pumped
storage plant in Thailand. The order is for the extension of
the Lam Ta Khong plant and includes the supply of two mo-
tor-generators and two 255 MW vertical pump turbines.

Located on the Lam Ta Khong River 200 km northeast of
Bangkok, the extension project will double the capacity to a
total of 1000 MW.

Australia, too, is looking to expand its pumped storage ca-
pacity as Genex Power has appointed consulting firm Entura
to provide a feasibility study for the 330 MW Kidston
pumped-storage hydropower plant, proposed for construc-
tion in North Queensland, Australia, at the site of the Kid-
ston Gold Mine. The project includes two large adjacent pits
that would act as the plant’s upper and lower reservoirs
[see box panel].

In a nod to further development in the eastern hemisphere,
August saw Russia’s PJSC RusHydro and the Korean Water
Resources Corp. jointly look to develop a pumped-storage
hydroelectric plant in Russia’s Far East.

RusHydro and K-Water will create a working group to study
the feasibility of the Primorsky Energy and Water Resources
Complex (PEWC), including the Primorskaya pumped stor-
age plant.

Of course, China cannot be ignored when it comes to
pumped storage. Last year Hainan Pumped Storage Power
Generation Co. Ltd. awarded a US$71.14 million contract to
Alstom to equip the 600 MW Hainan Qiongzhong pumped-
storage plant.

Hainan Province’s first pumped-storage project operations
are due in December 2017.

Under the terms of the deal, Alstom will provide three 200
MW turbine units, including pump turbines, motor genera-
tors and other equipment.

Outlook for pumped storage hydro

According to the IHA, the world’s total pumped storage ca-
pacity now stands at some 142 GW, increasing by some-
thing north of 10% during 2014 alone. Clearly, there is a
strong appetite not just for new build pumped storage, but
also refurbishment and rehabilitation. This push for addi-
tional pumped storage capacity has a number of drivers,
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but chief among them is the headlong rush for more solar
and wind power, renewable energy technologies that re-
quire back-up if security of energy supply is to be main-
tained. Pumped storage is an ideal solution, if not the only
realistically economical one. As such, demand for its ample
utility in service is likely to grow in the coming decades as
the global economy inexorably shifts toward a clean energy
system.

Glyn Rhonwy quarry pumped storage

Although the nearby 1800 MW pumped storage plant
Dinorwig has been operating since the 1980s, development
of pumped storage capacity is still being actively pursued in
Snowdonia, the mountainous region of north Wales, in the
UK.

If plans proceed to construction, two abandoned slate quar-
ries, Glyn Rhonwy and Chwarel Fawr, are set to be the basis
of the UK'’s first new pumped storage capacity for several
decades.

First mooted in 2012, in April this year, the UK’s Crown Es-
tate agreed to lease 13 Ha of land to Snowdonia Pumped
Hydro for its £100 million (US$155 million) project. This
followed the granting of planning permission in September
2013.

The project includes the construction of a 20-metre-high
dam on the upper reservoir at Chwarel Fawr and a 15-
metre-high dam on the lower reservoir at Glyn Rhonwy.

Originally, the Glyn Rhonwy plant had been planned as a
49.9 MW capacity installation, that proposal was increased
by a further 50 MW in December last year, pushing the ap-
plication to the UK Planning Inspectorate.

The proposed change in output, involves installing larger
turbines and associated equipment within the powerhouse,
now expected to be operational by 2019.

Snowdonia Pumped Hydro is a subsidiary of Quarry Battery
Company, which together with AECOM developed a pre-
ferred design, including the dams and a cut and fill pen
stock.

Construction is anticipated to take 3 to 5 years with the
upper reservoir holding some 1.1 billion litres.

The developers see a strong business case for a multitude
of such brownfield sites, with their relatively low additional
infrastructure costs and minimal visual and environmental
impact.

"By continuing to utilize unconventional sites such as the
abandoned quarry on The Crown Estate’s land, Britain can
realize an additional 15 GW of grid-scale storage using
pumped hydro technology alone,” said Peter Taylor, chair-
man of Quarry Battery.

The company is proposing a new generation of small-scale
pumped storage facilities, arguing that they are economical-
ly viable and environmentally more acceptable.

Last year it secured a further £3 million (US$4.8 million) in
private funding for initial work at the site, near Llanberis
and it is in negotiations to secure five further sites from a
short list of 30 identified potentials.

HRW / November-December 2015, pp. 10-14,
www.hydroworld.com
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Samuel I.K Ampadu (Ghana)
December 2015
Characterizing lateritic soils

Serge Leroueil (Canada)
January 2016
Consolidation and creep
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GeoWorld

Announcing the Publication of the 2015 Geotechnical
Business Directory in print, as e-book and as an
online platform. Preparations ongoing for the 2016
Geotechnical Directory

GeoWorld is excited to announce the publication of the in-
augural 2015 Geotechnical Business Directory! The directo-
ry that was announced to the 80+ member countries of
ISSMGE in September in the Edinburgh, during the Europe-
an Conference on Soil Mechanics and Geotechnical Engi-
neering, is now widely available. This truly unique directory
is available in three formats as:

e an Online Interactive Platform

e an e-book

e in-print through Amazon

GecMWard
iduals

The 2015 directory includes 5000+ individuals, and 300+
geo-companies and geo-organizations from 135 countries.
The online platform allow visitors to search the membership
database based on location, technical expertise, and qualifi-
cations. It is expected to reach more than 50,000 profes-
sionals.

The Geotechnical Business Directory is continuously updat-
ed. The e-book and in-print version is going to be circulated
annually. Preparations are already ongoing for the publica-
tion of the 2016 Business Directory that is expected to in-
clude 6000+ individuals and 500+ companies in the geo-
profession, and have increased functionalities.

Please Vvisit this page to update your professional infor-
mation so that your professional record is accurate!

Individuals who are not yet members of GeoWorld are en-
couraged to see the Individual and join GeoWorld here.

Also, encourage your company to establish a GeoWorld pro-
file so that it can be included in the business directory. See
our 2016 Advertising Media Kit!

Note that as an individual member of GeoWorld, you will be
included in the directory, unless you choose to opt-out.

On behalf of GeoWorld team.

o3 O

Research study on Dams

We would like to draw your attention to a research project
by scholars from the University of Cambridge and University
of Oxford in the UK, looking at current trends and develop-
ments in the global dam industry. They are seeking to
gather data on cost and time overruns of dam projects
completed since 2000, and have asked for our help to
reach the survey's target group of dam developers
/owners and engineers. If you have information about
any dam project(s) completed since 2000, we hope that you
might assist by answering a few survey questions (it is
quick to complete); all the responses will be anonymized in
the statistical results.

Here is a link to the survey. The intention is for the results
gathered via this survey to be presented at next year's HY-
DRO 2016 conference in Montreux.

o3 D
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MAJOR PROJECT OF THE YEAR (OVER €500M)

Eurasia Tunnel Project

The Eurasia Tunnel Project (Istanbul Strait Road Tube
Crossing Project) will connect the Asian and European sides
via a highway tunnel going underneath the Bosphorus. The
project is being constructed by a Joint Venture (YMSK-1V)
formed under the leadership of Turkish firm Yapi Merke-
zi and South Korean firm SK E&C. 5.4 kilometers of the
project will comprise a twostory tunnel to be constructed
underneath the seabed using special technology To success-
fully deal with the complex challenges at the Istanbul Strait
Road Tube Crossing Project, the 13.7m Mixshield from
Herrenknecht was designed exclusively for the construction
joint venture and included a number of specially developed
features such as 19’ disc cutters with internal pressure
compensation device or a hyperbaric transfer shuttle Specif-
ically innovated, developed and designed seismic joints that
can resist under 12 bar pressure were installed to accom-
modate differential displacements at proper locations at the
transition zones between rock and soft soils.

TUNNELLING PROJECT OF THE YEAR (BETWEEN €50M
AND €500M)

1st Phase of Low and Intermediate Level Radioactive
Waste Disposal Facility Construction

The chosen site can hold 800,000 drums (160,000m3) of
LILW. In this project, which is the 1st Phase of LILW Dis-
posal Facility Construction, a disposal facility was construct-
ed to store 100,000 drums (20,000m3) of LILW. A disposal
facility consists of six silos storing LILW and a 3.9km access
tunnel. For the geometrical shape of silos, the shape of a
dome and a cylinder was chosen to ensure both the me-

chanical stability and the maximum storage space with less
excavation. Such deep underground space for a disposal
facility of LILW was constructed solely in Finland and Swe-
den where geotechnical condition is relatively good com-
pared to Korea’s. It is believed that the technology acquired
from the construction of a disposal facility for radioactive
waste will be a good example of the construction of a dis-
posal facility for 98 nuclear plants located in Korea, China,
and Japan.

OUTSTANDING PROJECT OF THE YEAR (UP TO €50M)

Norsborg Metro Depot

The Norsborg Metro Depot is an important part of the de-
velopment of the Stockholm metro system. The depot will
provide storage, train wash and service areas for 17 trains
and will also be a working place for 100 employees. The
depot is located underground in hard rock. It consists of
three rock caverns, 300 by 24 meters each, connecting
tunnels and areas for technical equipment. Conventional
drill and blast method with top modern equipment was
used. The total rock volume is 320 000 cubic meters and
the total length of the tunnels and caverns is 3000 meter.
The scope of the project led to the division into two con-
tracts:

e one consisting in the excavation and the waterproofing
of the tunnels and caverns

e one consisting of the buildings, installations and the
tracks.

Between 2013 and 2015 Skanska excavated the tunnels
and caverns that will serve as storage for the metro depot.
The complete depot is to be finished in 2017.

TECHNICAL INNOVATION OF THE YEAR
Innovative Vehicle-mounted GPR Technique for Fast

and Efficient Monitoring of Tunnel Lining Structure
Conditions

A noncontact nondestructive testing technique in the field of
operation tunnel health status evaluation, whose air-
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launched antennas can detect linings and surrounding rock
conditions at 0.9~2.25m distance between the antenna
away from the tunnel walls. We have completed the inspec-
tion of 91 tunnels with a total 122 km by Railway vehicle-
mounted GPR technique. The test tunnels are located in the
Baoji-Zhongwei line, Xiangfan-Chongging line under the
jurisdiction of Xi‘an Railway Bureau. Just as the old line of
Xiangfan-Chongqing line, where the tunnels approaching to
the design life, aging problem is particularly prominent
Railway vehicle-mounted GPR technique for tunnel detection
can detect the tunnel linings of national railway network
and complete the tunnel defect census in a short time. This
technique solves the major problems on national railway
network tunnel safety inspection and has obvious social
benefits.

ENVIRONMENTAL INITIATIVE OF THE YEAR

The Corrib Tunnel Project - tunnelling in environmen-
tally sensitive area

Construction of 4.9km TBM tunnel incl. the fit-out with a
gas pipeline and the backfilling of the tunnel. The client
SEPIL decided to install the 20’ gas pipeline with all its rele-
vant accessory components in this sensitive nature reserve
in a tunnel. The tunnel was to be driven in advance by
mechanized means with the residual tunnel cross-section
subsequently being backfilled. The final alignment of the
onshore pipeline section was the result of an intensive de-
velopment process with the aim to minimise and mitigate
the potential for impact of the proposed route on the receiv-
ing environment. The key criterion in the identification of
the modified route, underpassing the Sruwaddacon Bay
between Glengad and Aughoose, was the trenchless under-
ground construction of a 4.9 km long section due to the
environmental impact of its location.

SAFETY INITIATIVE OF THE YEAR

MineARC Systems Compressed Air Management Solu-
tion

Emergency refuge forms an integral part of a tunnelling
project’s wider Emergency Response Plan (ERP). In an
emergency situation (such as a tunnel fire), when evacua-
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tion is no-longer safe or practical, a refuge chamber is de-
signed to provide a safe and secure ‘go-to’ area for person-
nel to gather and await extraction. In looking for a solution
to the ITA Guideline’s requirement for the use of com-
pressed air and to maintain positive pressure to refuge
chambers to avoid ingress of toxins, MineARC’s engineering
team developed a breathable air system that is unique to
the market; offering a range of new features aimed at re-
ducing running costs and improving operational safety dur-
ing an emergency. This system is called the Compressed Air
Management System or CAMS.

INNOVATIVE USE OF UNDERGROUND SPACE

Toledo Metro Station on Line 1 in Naples

The Toledo Station is a unique example of a decentralised
museum, offering dynamic fruition of the artists’ creations,
as the citizens have the possibility to travel an open artistic
itinerary. Building the station has involved the re-systemi-
sation of the surrounding urban context. In fact, the under-
ground works include a long pedestrian passageway starting
from the service tunnel, and linking the pedestrian plat-
forms to the secondary exit in Piazzetta Montecalvario, a
square that has been regenerated and re-qualified with pos-
itive effects for the surrounding Spanish Quarters (built in
the sixteenth century under the Spanish Viceroy). In addi-
tion to the underground works, part of the Via Diaz above
the main shaft, has now become a broad pedestrian square.
Trees were planted in the narrow area whilst along the
southern perimeter, parasols have been arranged to protect
the street stalls that were formerly scattered over the
pavement in Vesuvian basalt, lending grace and comfort to
the area.

YOUNG TUNNELLER OF THE YEAR

Karlovsek Jurij

Jurij is a Civil Engineer, specialising in Geotechnical Engi-
neering, and Tunnelling in particular. His philosophy is
grounded in the belief that industry and academia should
work together in the pursuit of excellence and innovation.
He currently works as a Postdoctoral Research Fellow at The
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University of Queensland, Australia where he recently ob-
tained his PhD in the field of TBM segmental lining integrity
detection. Jurij’s professional career to date spans three
continents, with experience in both academia and industry
Jurij’s latest achievement is his position as founding Chair of
the International Tunnelling Association and Underground
Space Young Members’ Group.

(0.€. ZTOV «MIKPO KATAAOYO» TWV unowneiwv yia To Bpapeio
€ixe eniAeyei kal To YENOG Tng EEEEMM Ap. MéTpog ®opTod-
KNG)

CONTRACTOR OF THE YEAR

salini ?/
impregilo (/7

Salini Impregilo is operative in over 50 countries with
roughly 34,400 employees and a turnover of about € 4.2
billion (as at 31-12-2014). The Group is a pure player in the
construction sector, with 110 years of experience, focusing
on complex and large civil engineering projects: dams and
hydroelectric plants, railways and subways, roads and
highways, civil, industrial construction and airports.
The Group track-record includes:

230 dams and hydroelectric plants;
1,350 km of underground works;
6,730 km of railways;

375 km of metro systems;

36,500 km of roads and motorways;
330 km of bridges and viaducts.

The management and the entire Group are committed to
operating in accordance with environmental, ethical and
professional principles, which comply with the highest inter-
national criteria for corporategovernance and citizenship.

ENGINEERING OF THE YEAR

By WSP | 25238 or

WSP and Parsons Brinckerhoff have combined and are now
one of the world’s leading engineering professional services
consulting firms. Together we provide services to transform
the built environment and restore the natural environment,
and our expertise ranges from environmental remediation
to urban planning, from engineering iconic buildings to de-
signing sustainable transport networks, and from develop-
ing the energy sources of the future to enabling new ways
of extracting essential resources. We have approximately
34,500 employees, including engineers, technicians, scien-
tists, architects, planners, surveyors, program and con-
struction management professionals, and various environ-
mental experts. We are based in more than 500 offices
across 40 countries worldwide. www.wspgroup.com
www.pbworld.com.

LIFETIME ACHIEVEMENT
Prof. Dr. Eng. Sebastiano PELIZZA

Degree in Mining Engineering, 1961 Politecnico di Torino
(University of Technology)

Full Professor at the University of Technology of Turin on
“Tunnel Construction”
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Head of TUSC - Tunneling and Underground-Space Center,
Turin University of Technology

Scientific Director and teacher of the one year post-
graduate Master Course on “Tunnelling and Tunnel Boring
Machines”, Turin University of Technology

Coordinator of 2 PhD works (2003-2005) to study EPB ma-
chines face stability and ground conditioning.

Since 2010 - Member of the Committee of Surayors of
ITA/AITES

Academic Carrier

Courses, Seminars and Special Conferences on tunneling
and underground works

1995 KTA Seoul

1995 Perhapi, Jakarta

1995-1997 Ecole Polytechnique Fédérale de Lausanne
1996 Sinotech, Taipei

1996 RTA, Brashov

1996 SPEA, Rome

1997 Railway Communication University, Saint Petersburg
1997 CBIP, New Delhi

1997 IAEG, Athens

1998 Workshop on Selection of Tunneling Methods, Sao
Paulo

1999 Seminar Special Geotechnical Problems, Melbourne
2000 Long TBM Driven Tunnels, Institution of Engineers of
Malaysia

2001 International Center for Geotechnics and Underground
Construction (Sargan -CH)

2001 Keynote Speach Workshop “Tunnel Boring Machines
and Related Engineering Practice”, Beijng

2005 Lesson on “Tunnel design”, Training course of
ITA/AITES, Istanbul

2006 Inaugural Lecture of the Academic Year 2006-2007 of
the Politecnico di Torino

Awards

1983 Eurotunel, Basel

1996 Doctor Honoris Causa in Tunneling, Technical Univer-
sity of Civil Engineering, Bucharest

1998 Honorary Doctor of Railway Communication University
of Saint Petersburg

Since 2001 Member of the Accademy of Science in Turin
2009 Professor Emeritus at the Politecnico di Torino

Professional Associations and Offices

Since 1995 ITA/AITES, President 1995/1998

Since 1995 SIG Societa Italiana Gallerie, President
1996/1998

Since 1994 Member of the CETU Scientific Committee, Cen-
tre d'Etude des Tunnels, France

1997-2004 Editor of the Italian Journal “Tunnelling and un-
derground construction”

Since 2000 Member of the “Dispute Resolution Board Foun-
dation”,Seattle
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Since 2007 Member of the advisory board of the RMZ- Ma-
terials and Geoenvironment journal

Since 2008 Member of the Editorial Board of Journal of Chi-
na University of Mining & Technology

Fields of Specialization

Engineer specialized in underground construction, soil and
rock improvement and reinforcement; construcion methods
and TBM tunnelling Consultant, designer and supervisor for
construction of more than 100 tunnels (road, railway, sub-
way, hydraulic) for a length of hundreds of kilometers in
Italy and abroad (Turkey, Saudi Arabia, Algeria, Morocco,
Venezuela, Brazil, France, Cyprus, Greece, Taiwan, Norway,
India, Russia, Tunisia, Spain, USA, Hong Kong, Portugal,
Santo Domingo)

Publications

Over 210 technical and scientific articles on underground
constructions.
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ANAZKOIMHzH
FEFTONOTQN
FEQTEXNIKOY
ENAIAGEPONTO2

MAGHTIKH ZTAGEPOMNOIHZH
Mia véa TeXVIKR BEATIiOONG edapwv
€vavTi CEIOCHIKNG PEUCTONOINONG

AIg€nxON Tnv Mapaokeur 27 NoguBpiou 2015, otnv AiBouoa
EkdnAwoswv T.E.E., nuepida yia Tnv napouciaon Twv ano-
TEAEONATWYV TOU EPEUVNTIKOU NPOYPANHATOG

NANO-LIQ
Mitigation of Seismic Liquefaction in the Foundation
Soil of Existing Structures via Pore Fluid Enrichment
with Environmentally Safe Nano-Particles
(http://nanolig.org).

Anowyn Tng aiBouoag TEE. =To Brjpa BpiokeTal o K. AXIANEAG
ManadnunTpiou, Enik. KaBnyntng EMI kai epeuvnTiKOG U-
neubuvog Tou npoypappatog NANOLIQ

PeguocTonoinon: 'Eva and Ta enakoAouba IoXUp®V OEIoHIKOV
JIEYEPOEWY, NMOU EMNIPEPEI NAYKOOWIA WEYAAEC KATAGTPOPEC
o€ KTipla kal épya unodopng, étav autd BepeliwvovTal o€
KOPEOUEVA XaAapa KOKK®ON €3agn.

AlakpIBwBnke w¢ Qaivopevo Tn dekaertia Tou 1970, kal ou-
VENWG &va HEYAAO HEPOG TOU napdAiou dopikoU I1oToU (Kal
oTn Xwpa pag) dev To €Aafe undyn Tou KATA To OXedIAOUO
Kdl TNV KATAOKEUN).
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To TeXVIKO NnpOBANHA: € BE0EIC UPIOTAPEVWV KATAOKEU®V
BepeNIWPEVWY €Ni peucTonoINCIMoU (XaAapoU [N OUVEKTI-
KoU) €3agouc, N XpPAoN TwV NEPICCOTEPWV and TIG UNAPXOU-
oe¢ peBodoloyieg BeATiwong Tou €dagoug cival ite duoxe-
pNG (n.X. AOyw AgIToupyiag ThG KAaTaokeung) n aduvarn (n.x.
AOY® TV JOHIKOV INUIOV Mou HnopoUV va npokAnBouv).
'ETo1, yvia Tn BeATiwon Tou €dA®oug o TETOIEC BECEIG OUV-
Bwg xpnoigonoloUVTAl HIKPONACOAAOI, €ICTIECN €EVEMATWV
uwnAou IEwB0UG KAl N €Unngn NAQOTIKOV OTPAyyIOTNPiwV.
'OuwG, ol ueBodoAoyieg auTéG dev UNOPOoUV EUXEPWG vVa BeA-
TIOOOUV TO €daqog O OAOKANPN TNV KATOWn TOU KTnpiou,
EV® WNopouv va dnuioupynoouv kal npoBAfuata (n.x. n
€l0Mieon eVEUATWV HMOPEi va NPoKAAETEl avaonkwpa Bepe-
Awv). EmnAgov, kata Tn dIGpKEIad TV EPYACI®OV TNG BEATIW-
ong npokaAoUvTdl JUOXEPEIEG OTNV KAVOVIKN A€IToupyia Tng
KATAoKEUNG Kal N BeATIOON MEYAAWV NEPIOX®V aAnodelkvUE-
Tal OXETIKA UYPNAoOU KOOTOUG.

H npoteivopevn AUon: Mia véa Texvikn BeATiwong Tou
£0APOUC Nou BevV €XEI TA AVWTEPW HEIOVEKTAUATA KAl PMOPEI
va xpnoigonoinBei euxepwg oTo £€dapog Bepehiwong upioTa-
MEVWV KATAOKEUWV €ival n nadntikn otadesponoinon. H
dinenon Tou oTaBeponoinTr) WMNOpEl va yivel gE T xpnon
YEWTPAOEWY uwnAoU Kal xapnAoU udpaulikol UWoug ekaTe-
pwWBOEV TNG KATAOKEUNG.

dvtAnon €loTieon

Kripto

SUMQWVA KE auTh, 0 EUNAOUTIONOG Tou uypolU TwV nopwv
TOU peucTonoInaipou €dAagoug Pe €vav orabeponoinTh (ne-
PIBAAAOVTIK®OG ao®aAn vavo-cwpatidia, n.X. KOAAOEIdNG
nupitia) aAAalel Tn PNXAvikn ouPnepIPopd ToU CUOTAMATOG
€da@ikoU okeAeToU - uypoU nopwv, KabloTwvTag To AlyoTe-
PO ESUAAWTO OE OUCOWPEUCN JIATUNTIK®V MPAHOPPUOEWY
nou oxeTifovTal Pe Tn PEUCTOMOINGCN, KAl TWV KATAGTPO®I-
KWV OUVENEIMV MOU £XOUV AUTEG YA TNV KATAOKEUNR..

3KONOG TOU EPEUVNTIKOU npoypdauparog NANO-LIQ:
Aedopévou OTI n nadnTikn oTaBeponoinon BpiokeTal Tnv na-
poloa XPoOVIKR OTIYUA oS neipapartikd ortadio disbvwg, o
OKOMOG TNG €pEUVAG va SIATUNGOEI HId OAOKANPWHEVN
HEBoJoAoyia oxediaopoU yia Tnv nadnTikr orabeponoin-
on PEUCTOMNOINCINWY €3aPWV, KAl vd TNV KATAOTHOEl &-
(PApHOCIUN YIA NMPAKTIKEG EQAPHUOYEG HEOW OlaypappaTwyv
oxedlaouoU kal npodiaypapwyv, AauBavovrag unoyn B€uata
diaopaiiong noidTNTag UAIKOV kal 381adikaci®v, KOoToug,
diapkeiag {wng Kal NePIBAAANOVTIKOV ENINTWOEWY

STn ouvéxela nNapabETOUME TA OTOIXEIQ TOU MPOYPARHATOC
(anod Tov OXETIKO 10TOTOMNO)

Work Plan

WP1: Literature review: Material Selection - Procedures

WP2: Preliminary testing: Rheology, permeability, permea-
tion, unconfined compression

WP3: Numerical analyses: Simulation of stabilizer delivery
via groundwater flow (permeation)

WP4: Element testing: Monotonic response of stabilized-soil

WP5: Element testing: Dynamic and Cyclic response of sta-
bilized-soil
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WP6: Constitutive modeling of the mechanical response of
stabilized-soil

WP7: Implementation of new constitutive model(s) in finite
element FE or finite difference FD codes

WP8: Numerical analyses of boundary value problems in-
volving stabilized-soil: Seismic response, design spec-
tra (FE/FD) - Micromechanical response (DEM)

WP9: Seismic Soil-Structure-Interaction: Springs and dash-
pots (Winkler) for stabilized-soil

WP10: Design charts and Specifications for the application
of passive stabilization in practice

Research Group

The combined experimental and numerical research effort is
being materialized by bringing together researchers from 4
different Universities in Greece [University of Thessaly
(UTh), Aristotle University of Thessaloniki (AUTh), National
Technical University of Athens (NTUA), University of Patras
(UP)] and an invited researcher from the USA (CalTech).
They are organized in 3 distinct Research Teams, with dif-
ferent (but complementary) objectives and expertise, and
are assisted by a select External Research Team.

Research Team 1 : Earthquake Geotechnical Engineering
& Seismic Soil-Structure Interaction

Leader Panos Dakoulas, Professor, Department of Civil
Engineering, University of Thessaly (UTh)

Panos Tsopelas, Professor, Department of Civil
Engineering, University of Thessaly (UTh)

Achilleas Papadimitriou, Assistant Professor,
School of Civil Engineering, National Technical Uni-
versity of Athens (NTUA)

Dominic Assimalki (invited researcher), Professor,
Division of Engineering and Applied Science, Cali-
fornia Institute of Technology (CalTech)

Research Team 2 : Experimental Geotechnics & Nano-
Material Science

Leader Theodora Tika, Professor, Department of Civil
Engineering, Aristotle University of Thessaloniki
(AUTh)

George Athanasopoulos, Professor, Department
of Civil Engineering, University of Patras (UP)

Vassiliki Georgiannou, Associate Professor,
School of Civil Engineering, National Technical Uni-
versity of Athens (NTUA)

Dimitrios Achilias, Associate Professor, Depart-

ment of Chemistry, Aristotle University of Thessa-
loniki (AUTh)

Research Team 3 : Computational Geomechanics & Geo-
enviromental Engineering

Leader George Bouckovalas, Professor, School of Civil
Engineering, National Technical University of Ath-
ens (NTUA)

Michael Kavvadas, Associate Professor, School of
Civil Engineering, National Technical University of
Athens (NTUA)

George Mylonakis, Professor, Department of Civil
Engineering, University of Patras

Marina Pantazidou, Associate Professor, School
of Civil Engineering, National Technical University
of Athens

Members of External Research Team:
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A total of fifteen (15) members of an External Research
Team are being employed in the project. They include 4
Post-Doctoral Researchers, 9 PhD Candidates and/or MSc
holders and 2 BSc holders working in close cooperation with
the 12 (faculty) members of the 3 Research Teams.

Results

The results of this project are presented in thirteen (13)
Deliverables, i.e. mostly technical reports and software.
These are outlined below, with reference to the WP from
which they originate. They are (mostly) written in Greek,
and may become available upon request (fill in the Contact
form):

D1: Technical Report on the properties and specifications
of selected materials (sand, silt, stabilizer), as well as the
preparation method for the soil samples and the stabilizer
solutions [from WP1]

D2: Technical Report on experimental data for the (chem-
ical, rheological and mechanical) properties of the stabilizer
solutions, the permeation/injection potential of the stabilizer
in soil samples and the unconfined compression strength of
stabilized-soils [from WP2]

D3: Technical Report on numerical analyses for permea-
tion/injection of stabilizer solutions in granular soil using
multi-phase flow software [from WP3]

D4: Technical Report on monotonic (triaxial) test data
under usual and high stress levels, including reference tests
on untreated samples [from WP4]

D5: Technical Report on dynamic (resonant column,
bender elements) and cyclic (triaxial and simple shear) test
data, including reference tests on untreated samples [from
WP5]

D6: Technical Report on constitutive modeling of stabi-
lized sand, on the basis of project test data and the litera-
ture [from WP6]

D7: Technical Report on constitutive model implementa-
tion in FE/FD numerical code(s) via User-Defined-Model
routine(s) [from WP7]

D8: Software related to the executable file(s) of the User-
Defined-Model routine(s) for use in boundary value problem
analyses with FE/FD code(s) [from WP7]

D9: Technical Report on seismic (stabilized) ground re-
sponse analyses, performed by employing D8 in FE/FD
codes(s) [from WPS8]

D10: Technical Report on DEM analyses of stabilized soil
response simulating macroscopic test data [from WP8]

D11: Technical Report on proposed categories and relat-
ed (elastic) design spectra for structures on stabilized-soil,
in the spirit of EC8 [from WP8]

D12: Technical Report on spring and dashpot (Winkler)
constants for strip footing on stabilized soil layer over bed-
rock [from WP9]

D13: Technical Report on design charts and (quality con-
trol and assurance) specifications for the design and appli-
cation of passive stabilization in practice [from WP10]
Documents

21 journal or conference papers or theses have originated
from research performed during this project.

XpnuarodorTnon: EZMA 2014 - 2020.

o3 D
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ZXEAIAZMOZ BAOPQN FrE®YPQN
(ka1 ox1 povov) og PEYEZTOMNOIHZIMO ‘Edagog
HE EMNIPANEIAKH OEMEAIQZH kai ®YZIKH
ZEIZMIKH MONQzH

Huepida nou d1€nxOn Tnv Acutépa 30 NoeuBpiou 2015 oTo
Auei8eaTpo MoAupéowv Tou EMIM nuepida napouasiaong Twv
anoTEAEOUATWY TOU 4-£TOUG EPEUVNTIKOU NMPOYPAUHATOG:

OAAHZ-EMN (MIS 380043): NAT-SEI-ISO
(XpnuartodoTnon : ESMNA 2007 - 2013)

ME OUMMETOXN OUVAdEAQWV and Tov akadnudikod kKal Tov e-
nayyeANaTikd xwpo. ‘'OAeG ol Napoucidaoslg €xouv avapTnBei
oTnv 10To0gAida Tou EpeuvnTikoU YneUBuvou Tou Epyou,
kab. I'. MnoukoBaAa (georgebouckovalas.com)

ANTIKEIMENO

O €AeyXoG OeIOMIKAG €NAPKEIQC anoTeAEl KOuPIKO OToIXEIO
TOU OX€dIaOMOU YEQUP®V OTNV XWPA Mag, yia dUo KUupiwg
AOYOUG: TNV avap@iBoAa uwnAn ceIopikOTNTA TNG eUpUTEPNG
nePIOXNG aAAG Kal Tov onuavTikd Kivduvo peucTonoinong
AOYw ogiopoU nou JiaTpEXOUV Ol MPOoPATEG AAAOUBIAKEG
£daQIKEG anoBE0sIC MOU ouUVavTOVTal cuvnBEéorarta oTic Bg-
O€IG KATAOKEUNG TWV YEQUPWV (dIa0TAUPWOEIG E NOTANOUG,
NapakTIEG NEPIOXES, KAM.). KaT' smiTayn Twv eAANVIKOV, aA-
MA@ Kkal Twv JIEBV®V avTICEIONIK®V KAVOVIOU®V, anoTeAEI
NPAkTIKA NAayia npakTikf oAPepa n Bepeliwon Twv Badpwv
YEQUPWV UMO TIC AVWTEPW AVTIEOEC OUVONKEG va YiveTal pe
XPronN NacoaAwV Mou PETAPEPOUV TA POPTIA TAG AVWIOUAG
OTO UN PEUCTOMNOINCIKO UNoBadpo, oe cuvduacoud PE KABOAI-
Kn (kata To BABoG) BeATiwWON TNG PEUCTOMOINCIKNG OTPWONG
(Exnua A, apioTtepad).

Erpoynetipur
Avvapiki Zoprikvwenen)
"kpovoTe”
Peiniopévov eddpovg

0 e |

Me agpeTtnpia evBappuvTika gupripata and npoopaToug Oel-
opoUcg (Luzon 1990, Tohoku 2011, Christchurch 2011), via
TNV CUUNEPIPOPA KTIPIWV PE ENaveiakr Beperinon o€ peu-
gTonolnoina €dagn, oTo €PEUVNTIKO NPOYPANKUA MOU nMapou-
01G00nke €EeTaobnke O1EOBIKA N akOAoubn &evaAAaKTIKN
HEBODOC BepeAimong, n onoia anookonsi oTnV PEiwon Tou
KOOTOUG KaTaokeung eEaog@alifovrag napaAAnAa Ta kpitrpia
€MTEAEOTIKOTNTAG TOU £pyou (Zxnua B, dg&id):

(a) H BgueAinon Tou BaBpou yiveral enipaveiakd, oe nAdka
€dpaong, Xwpig TNV Xprnon nacoaiwyv.

(B) To £dagpog BepeAinong PBeATIOVETAI COE MEPIOPICHEVO
BaBog kal nAAToc, £€Tol WOTE va dnuioupynBsi pia un peu-
OTOMOINCIKN €nigavelakn "kpoUoTa" n onoia 6a npooTaTey-
ogl TNV NAdka £dpaong akdun Kal YeETd TNV ekdnAwon peu-
ogTonoinong oto eAelBepo nedio.

(y) EmdiwkeTal n peugTonoinon Tou €3Aagoug unod Tnv eni-
(aveiakn BeATiwpévn "kpoloTa" npokeIgévou va avanTuXOsi
£€TOI UNXAVIOKOG "QUOIKAG CEIOHIKAG HOVWONG" Kal va HEIw-
BoUv adpavelakeg SUVANEIC Mou aockoUvTdl OTNV avwdoun.

APAZEIZ & ANNOTEAEZMATA

KaT' enékTaon Twv avwTEpw, ol Bacikoi gToX0I TNG €peuvag
nou npaypartonoin@nke nrav dUo. 2To NpwTo oTadio, diaTu-
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nwOnNkKe pia oAokAnpwuevn pebodoloyia avTiosiopikol oXe-
dlaopoU BABpwvV YEQUPWV CE PEUCTOMOINCIYA €3APn, HE
smipaveiakn BOspsAioon eni (PUOIKAG N TEXVATAG) <«Kpou-
oTacg» Pn PEUCTONOINGCIKMOU €3APOUG. AKOAOUBwWG, NpayuaTo-
noinenKe MIAOTIKA €papuoyrn TNG avwTEpw peBodoloyiag oe
TUMIKEG NEPINTWOEIG YEQUPWVY (ando 0O.3., PETAAAIKEG), Kal
oUyKpIoN ME TIC OUMBATIKEG NEBOBOUC oxediaguol, WOTE va
anoTiunBoUV Ta TEXVIKO-OIKOVOUIKA OQEAN Kal va npoku-
Wouv napadeiypyara epappoyng.

Mo ouykekpipéva, npayparonoinénkav ol akoAouBeg enipe-
poug "dpdoceic", Ta anoTEAECUATA TWV OMoiwv napouciacon-
Kav ouvonTIKA Kal oxoAidobnkav Kata Tnv nuepida:

EA1. Avantuén AoyiopikoU yia TNV apiBunTIkn availuon Tng
ouleuypEVNG OEIOHIKAG anokKpiong peucTonoinuévou £3a-
poug - Bepeliou - BABpou yeEPupAc.

EA2. AvaAuTikr) peBodoAoyia oxedlaopoU  Enpaveiakwyv
BepeNI®OEWY OE peucTOnOINUEVO £3APOG.

EA3. EAaoTmika ¢@dopata oxediacpol yia PEUCTOMOINCIKA
€dapn.

EA4. Ehatrpia kai anooBeotripeg Winkler yia Bepélia o€
peEUCTOMOINCIYO £€3APOG.

EAS5. Epapuoyn os STaTikwg Opiouévn MEpupa O.5.

(a) Kpitrpia ENITeAeaTIKOTNTAG YIa STATIKWOC OpIouévn Me-
pupa 0.3.

(B) ZuykpITiKi) HEAETN ZupBaTikou kal MpwTdTUNOU ZXEDIA-
opouU via ETaTikwg Oplopévn MEeupa 0.2,

EA6. Epapuoyn os ZtaTikwg Adpiotn MEpupa O.3.

(a) KpimApia EmiTeAeoTikdOTNTAC Yia STATIKWG AdpioTn MEQU-
pa O.2.

(B) MiAoTIKOG OXEDIACUOG HE XPNON "QUOIKNG" OEIOUIKAG HO-
vwong

EA7. EQappoyn og XaAupdivn KaAwdiwTr MEpupa

(a) Kpiripia EniteAeaTikdTNTAG yia XaAUuBdiv KaAwdiwTn
répupa

(B) NpoTUNN MeAETN yia XaAUuBdivn KalwdiwTr MFEQupa.
SuykpITIKA a&loAdynon evavTi cupBaTikngG peBoAoyiag
oxediaopou

"APIZTEIA" & "AI-ENIZTHMONIKH ZYNEPIrAzIA"

SUNQWVA WE TNV NPOOKANCN UNOPROANG EPEUVNTIKWYV MPOTa-
oWV, anwTePoG oTdxo¢ Twv Mpatswv "OAAHZ" cival n evi-
oxuon Tng "apioTeiag" kar Tng "dI-eMIOTNUOVIKAG n/kal di-
1I0PUMATIKAG €peuvag".

Mpog Ikavonoinan Tou oTOXou TnG ApioTeiag, napnxdnoav 25
dNMOCIEUTEIC O €NIOTNHOVIKA NePIodIKA Kal ouvedpla, apKe-
TEC €K TWV OMOIWV KATOMIV NPOOKARCEWC. EninAgov, Xpnua-
T000THONKE N £peuva évrteka (11) unowneiwv dIdaKTOPpWV
(YA) kal névte (5) PeTa-d10aKTOPWV EPEUVNT®V Ot BEuaTa
ouvagn nNpog To avTikeigevo Tou 'Epyou.

IkavonoinTikh 6a npénel va BswpeiTal eniong n avranokpion
¢ MPOC TOUC OTOXOUC TNG OIEMIOTNUOVIKNC EPEUVAC KAl OU-
VEPYEIag 0ES0UEVOU OTI:

(a) ZT1ic enipépoug dpdaoeig Tou 'Epyou €ixav anokAEIoTIKA
kUpla ouppeToxn enta (7) Epyaotnpia and nevre (5) AEI Tng
EANGdag kal Tng Kunpou: EMM, AMNO, NMavemoTtiyio MNa-
Tpwv, NMNavenioTApio Oecoaliag, NMavenioTAHio Kunpou.

(B) Ta péAn Tng Kuplag Epguvnrikng Opadag (KEO) dpa-
otnpionolouvTal os névre (5) dIAPOPETIKA YVWOTIKA AVTIKEI-
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Meva, OuyKekpIhEva: Mnxavikn & KataoTaTikéG oxEoelg €da-
owv (AX. Manadnuntpiou, A. Aoukidng), ewWTEXVIKN
Seiopikn Mnxavikn (F. MnoukoBaAag), Auvapikn AAANAe-
nidpaon Edagoug-Oepeliwong-Kataokeung (. MuAwva-
KNG), AVTIOEIONIKOG SXedIaopog KaTtaokeuwy ano O.2.

(I. Wuxapng, A. Kannog, Av. 2£§tog, X. MouZakng) Kal
>xediaopog MetaAAikwv Kataokeuwv (X. Favrég, I. Eppo-
noulog).

EninAgov, Tnv EEwTepikny A§loAdynon Tou gpeuvnTikoU npo-
ypapuaTog avélaBe o £uneipog ouvadeA@oc Bao. Manado-
nouAog, Av. kaBnyntng EMI.

(y) Ka6' 6An Tnv didpkeia npoypappaTiogoU kai uhonoinong
Tou 'Epyou ouvepyaocOnkav dUo0 Bacikeg €IdIKOTNTEC, TOU
remteXvikoU kai Tou AopooTartikoU MoAimikou Mnxavi-
KoU, ol onoieg napadooiaka AsiToupyoUv aveEdptnta (kai
gvioTe opIAoUV "dlaQopeTikn yAwooa") kata Tnv avdaiuon-
MEAETN-KATAOKEUN €pYWV UNOJOUNG.

ZTIFMIOTYNA thG HMEPIAAZ

ANOYEIG TOU aKpoaTnpiou TnG nuepidag
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ZUvoyn TEAIKQWV CUMNEPATUATWY EPEUVNTIKOU Npoypdupa-
ToG anod Tov Kaényntn . MnoukoBdAa.

rru

|| st

Sprbee

SulnTnon Ke Toug KabnynTég (anod aploTepd):
. MnoukoBdAa, A. Zé€to, 1. Wuxapn, . MuAwvdakn
& X. FavTe

XpnuarodoTnon : EZMA 2007 - 2013
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPICTOTEPEG NANPOPOPI-
€C Mnopouv va avalntnBolv oTa nponyoUuheva TeUxXn Tou
«nepI0dIKoU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

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

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

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

dams.com/pdfs/asia20161.pdf

(G240

INSTRUMENTATION
AND MONITCRING
2016

15 - 16 March 2016

Immarsat, London

https://monitoring.geplus.co.uk

Ground Engineering is delighted to bring you the seventh
annual Instrumentation and Monitoring conference: an
essential gathering for anyone involved in monitoring and
looking for up-to-date insight into projects, technologies
and strategy. In the 2016 Instrumentation and Monitor-
ing event you can hear industry leaders, innovators and
major clients outline the challenges and opportunities facing
the sector over the next five years.

Instrumentation and Monitoring is an essential event for
everyone involved in the sector from industry leaders to
newcomers, and will give insight into the latest technologi-
cal advances and best practice being employed across con-
struction and asset management projects.

Draft Programme
file:///C:/Documents%20and%20Settings/pan54/My%?20Do
cuments/Downloads/Draft%20programme%20v1.pdf

3 D

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

International Symposium on Submerged Floating Tunnels
and Underwater Structures (SUFTUS-2016), 20-22 April
2016, Chonggqing, China, www.cmct.cn/suftus
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World Tunnel Congress 2016 “Uniting the Industry”, April
22-28, 2016, San Francisco, USA, http://www.wtc2016.us

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

7th In-Situ Rock Stress Symposium 2016 - An ISRM Spe-
cialised Conference, 10-12 May 2016, Tampere, Finland,
www.rs2016.org

84th ICOLD Annual Meeting, 16-20 May 2016, Johannes-
burg, South Africa, www.icold2016.0org

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

3

5% INTERNATIONAL CONFERENCE ON THE

L USE OF EPS GEOFOAM BLOCKS IN

| = CONSTRUCTION APPLICATIONS
2224 WAV IT | ISTANELL - TUIREY

FEVLAN INTERDONTINENTAL TARSIM

. Lo
5 International Conference on Geofoam Blocks
in Construction Applications

May 22 - 24, 2017, Istanbul, Turkey
http: eofoam2017.org/en

The organizing committee is pleased to invite you to the

5t International Conference on Geofoam Blocks in
Construction Applications (EPS’17) which will be held
in Istanbul, Turkey on May 22 - 24, 2017.

Geofoam researchers, consultants, molders, contractors and
practitioners from all around the world will be meeting in
Istanbul to discuss the recent developments and future
trends of the expanded polystyrene (EPS)-block geofoam
technology and its construction applications. EPS’17 will
continue to contribute to the development of the geofoam
applications after successful Oslo (1985), Tokyo (1996),
Salt Lake City (2001) and Oslo (2011) conferences.

We are honored to dedicate the proceedings of EPS'17 to
Mr. Tor Erik Frydenlund and Mr. Geir Refsdal who were
the pioneers of the development of geofoam technology.
They have implemented the use of geofoam as a lightweight
fill material in Norway and also involve in the dissemination
of the technology to other countries.

The conference program will be a combination of technical
papers and group discussions regarding the use, new devel-
opment and implementation of geofoam technology. The
conference theme will cover but not limited to the present
use of geofoam, design specifications, applications, new
concepts, material properties, modeling and special topics
of geofoam blocks in construction applications.

CONFERENCE THEMES

Dedication:

Papers about Tor Erik Freydlund and Geir Refsdal's achieve-
ments on the development of geofoam technology
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Present use of Geofoam:

Reports by members of the International Organizing Com-
mittee on known applications, type of projects and volumes.

Expanded Polystyrene:

Chemical composition and production process
Index properties

Product control

Durability

Material properties and modeling:

Model studies
Dynamic properties
Fatigue

Design specifications:

International standards
National specifications
Seismic design

Construction applications:

Roads, Railroads and Airports
Buildings and Industrial plants
Landscaping

Settlement mitigation

Load reduction on buried culverts
Failures

New concepts and special topics:

Innovative use of Geofoam blocks
Avalanche protection

Disaster prevention - climate change
Re-use/recycling of Geofoam blocks

Organizing Secretariat

DEKON Congress & Tourism

Yildiz Posta Caddesi Akin Sitesi 1. Blok No:6 D:3
Gayrettepe, Sisli / Istanbul - TURKEY
Telephone: +90 212 347 63 00

Fax: +90 212 347 63 63

E-mail: secretariat@geofoam2017.org

Visit www.dekon.com.tr for more information

3 D

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

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

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

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

o3 D

eYGEc

25th European Young Geotechnical Engineers
Conference
21 - 24 June 2016, Sibiu, Romania
http://25eygec.srgf.ro

The Romanian Society for Geotechnical and Foundation En-
gineering (RoSGFE) was invested by the International Soci-
ety for Soil Mechanics and Geotechnical Engineering,
through the Vice-President for Europe, Professor Antonio
Gens, to organize the 25th European Young Geotech-
nical Engineers Conference.

The organising committee is delighted to invite you in Sibiu,
Romania from 21st to 24th of June, 2016 to attend, what
we are sure will be, an outstanding conference.

Proud to be GEOTECHNICAL ENGINEER is not only the
motto of the conference, is the expression of a future ca-
reer, full of challenges and also achievements.

Young researchers under the age of 35 years are invited to
attend the conference.

Participants’ selection is the responsibility of the European
Member Societies of ISSMGE that will appoint maximum 2
"nominated participants". If a country does not send repre-
sentatives to the conference, they can be replaced with
"nonnominated participants" from other countries.

All participants must submit a paper and deliver an oral
presentation of 8-10 minutes.

The organising committee invited several geotechnical engi-
neering professionals to deliver keynote and invited lec-
tures.

The official language of the conference is English.
CONTACT

Assoc. Prof. Ernest OLINIC

Technical University of Civil Engineering Bucharest

124 Lacul Tei Bvd., Bucharest
e-mail: ernest@utcb.ro, 25eygec@srgf.ro
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1%t International Conference on Natural Hazards and Infra-
structure: Protection, Design, Rehabilitation, 28-30 June
2016, Chania, Greece, http://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

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.org

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

o3
o= ‘ 12-15 September 2016
(\K | I Russia | Saint Petersburg

15" World Conference
An““s znlﬁ of Associated research Centers

15™ World Conference. Saint Petersburg for the Urban Underground Space

http://acuus.primexpo.ru/en

The ACUUS conference 2016 is organised on behalf of Asso-
ciated research Centers for the Urban Underground Space,
one of the leading organisations involved into underground
space development of the modern metropolises.

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 Conference in Singapore, ACUUS 2012, welcomed more
than 370 participants from 35 countries and numerous
guests. More than 350 papers from 30 countries were re-
ceived. The Scientific Committee, including world leading
specialists, selected 159 papers from 26 countries for
presentation. These papers made together 26 parallel ses-
sions on planning, architecture, safety, sustainable devel-
opment. The programme of the conference included training
seminars on planning and safety. There were 5 technical
tours.

ACUUS 2012 Singapore was organized by the Society for
Rock Mechanics and Engineering Geology Singapore, and
supported by the Ministry of National Development Singa-
pore and the Singapore Exhibition and Convention Bureau.

ACUUS 2014 Seoul was supported by the Ministry of Con-
struction and Transportation of Korea, the Seoul Metropoli-
tan Government and Korea Tourism Office. The Russian
delegation took part in the conference and presented the
next ACUUS destination — St. Petersburg.

This represents the growing importance and use of under-
ground space in world wide economic development and the
increasing interest and investment in research and devel-
opment effort in this area.

We truly believe that the World Conference ACUUS 2016 in
St. Petersburg will be a highly rewarding international event
for everyone and will bring enhancement of the academic
level and industrial development, which will contribute to
improving quality of life in urban areas.

Themes & Topics

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.

CONTACTS

Association of Underground Builders

Tel.: +7 812 325 05 65
info@acuus2016.com, www.metrotunnel.ru

o3 O
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SAHC 2016 - 10th international Conference on
Structural Analysis of Historical Constructions 13-15 Sep-
tember 2016, Leuven, Belgium, www.sahc2016.be

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

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

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

(G240

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

Contact Person: Mario Camilo Torres Suarez

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

Telephone: +57 1 3340270

Fax: +57 1 3340270

E-mail: sociedadcolombianadegeotecnia@scg.org.co
o3 O

Achievements, opportunities and challenges
10-12 October 2016, Montreux, Switzerland

With 33 hydro and pumped-storage schemes under con-
struction (new and major upgrade projects), which will pro-
vide more than 2100 MW of capacity, Switzerland is one of
Europe's most active countries for hydropower at present.

The beautiful town of Montreux, overlooking Lake Geneva,
will provide a perfect setting for the world hydro community
to meet next year, to discuss topical aspects of global hy-
dropower development.

There will be opportunities to visit major projects under
construction in the region.

Further details and a Call for Papers will be issued shortly.

http://www.hydropower-dams.com/hydro-
2016.php?c id=88

(G- 4R -0
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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

o3 D
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25-30 October 2016, Antalya, Turkey
www.trcold.com

It is a pleasure to invite you to the 10*" ICOLD European
Club International Symposium : Dams and HEPPs for
Sustainable Development scheduled from 25-30 October
2016 in Antalya, Turkey. The Symposium will be a joint
effort of the Turkish National Committee on Large Dams
(TRCOLD) and the General Directorate of State Hydraulic
Works (DSI).

The Honorable President of TRCOLD, His Excellency, Prof.
Dr. Veysel EROGLU, will inaugurate the Conference and the
President of TRCOLD, Mr. Ali Riza DINIZ, will address the
Closing Ceremony.

The Symposium will examine the state-of-the-art regarding
the design and construction of Dams & HEPPs both locally
and internationally on the following themes:

I. Dam Safety, Rehabilitation and Surveillance

II. Financing of Dam Projects

III. Managing Risks in Dam and HEPP Projects (Climate
Change, Socio-economic and Environmental Aspects)

IV. Design and Construction of Dams and HEPPs

A. Types of Dams: RCC, CFRD, ECRD, ACRD, Tailings,
Hardfill, Concrete Arch, etc.

B. Auxiliary Structures: Spillways, Diversion and Energy
Tunnels, Bottom Outlets, Hydromechanical and Elec-
trical Equipment

C. Modern Structural and Technical Solutions (Geo-
membranes, etc.)

For more information please visit TRCOLD web site at
www.trcold.com.

o3 O

GeoAsia 6 - 6™ Asian Regional Conference on Geosynthetics
8-11 November 2016, New Delhi, India,
http://seags.ait.asia/news-announcements/11704
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RARE 2016 Recent Advances in Rock Engineering
16-18 November 2016, Bangalore, India, www.rare2016.in

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

3 D

International Conference and Exhibition

WATER STORAGE AND HYDROPOWER
DEVELOPMENT FOR AFRICA
14 to 16 March 2017, Marrakech, Morocco

International Commission on Large Dams, and with the
strong support of the Government of Morocco, is pleased to
reconvene the next regional conference for Africa, AFRICA
2017, which will take place in Marrakech. This follows the
unfortunate need to postpone AFRICA 2015, at the time of
the tragic ebola outbreak, on the advice of various relevant
authorities.

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

The first conference in this series, AFRICA 2013, took place
in Addis Ababa, when practical aspects of advancing hydro-
power and water resources development in Africa were dis-
cussed by more than 600 participants from 67 countries.
The conference brought together utility CEOs, officers of
UNECA, leading experts from the IFIs, Presidents, Vice-
Presidents and Secretaries of the water- and energy-related
professional associations, eminent engineering consultants,
researchers, leading contractors and equipment suppliers.
Outcomes made a practical contribution to the Programme
for Infrastructure Development in Africa. A Final Declaration
was widely disseminated globally.

Conference Themes

Major multipurpose water resources schemes, including
many large regional hydro projects, are moving ahead in
Africa at an unprecedented rate. A status update, potential
and development opportunities, as well as technical, envi-
ronmental and financial challenges, covering all regions of
the African continent, will be the focus of the presentations
and discussions.

e Potential and planned developments in Africa

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

¢ Quantifying and qualifying the benefits of water infrastruc-
ture

e African small dams for irrigation

¢ Role of storage in river basin management for sustainable
development
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e The role of risk mitigation in making hydro more competi-
tive
e Concession agreements and construction contracts

e Finance options including resource mobilization and the
Africa 50 fund

e Implementation and review of dam safety legislation in
Africa

e Monitoring the safety of dams, gates and powerplants
e Public safety around dams

e Dam engineering: design and construction

e Institutions and institutional arrangements

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

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

¢ Flood control

¢ The role of hydro in African regional development

e Update on the PIDA Energy Priority Action Plan

e Pumped storage; hydro in synergy with other renewables

e Hydro's role in electrical system stability in Africa

e Small hydro in Africa

¢ Rural electrification in Africa

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

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

e Reservoir sedimentation mitigation

e Operation, maintenance and rehabilitation challenges;
obstacles and solutions

For further information, please either contact Margaret
Bourke, Conference Project Manager
(africa2017@hydropower-dams.com) or follow announce-
ments at: www.hydropower-dams.com and www.icold-
cigb.org.
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NORWAY
BERGEN

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

“Surface problems - Underground solutions” is more than a
slogan; for ITA-AITES and its members it is a challenge and
commitment to contribute to sustainable development. The
challenges are numerous and the availability of space for
necessary infrastructure ends up being the key to good so-
lutions. The underground is at present only marginally uti-
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lized. The potential for extended and improved utilization is
enormous.
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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
o3

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

(G240

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

(G240

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

TA NEA THZ EEEEI'M - Ap. 84 - NOEMBPIOZ 2015

Fax: (+65) 627 35754
E-mail: zyingxin@dsta.gov.sg

(C-fR-0)

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

3

WTC 2018
Dubai |

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

3

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

o3 D

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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Video: Scary landslide in Pakistan

The slope of a mountain in Hunza Valley (o.€. oTnv opooel-
pa Gilgit-Baltistan oTo Bopeio MakioTav) collapsed after the
deadly earthquake (o.s. pey€Boug 7.5 oTic 26 OkTwRpiou
2015) that has killed nearly 266 people while levelling thou-
sands of homes and forcing many to camp out in the
open. The landslide brought up massive amounts of dust
and blocked a road next to the valley.

About 11,000 houses were damaged in northwestern Paki-
stan.

According to the US Geological Survey, the initial quake was
followed by seven aftershocks, with intensity of 4.8.

Watch the video provided under media below!

https://www.youtube.com/watch?v=y4crGbZFnég

Related Geotechnical Papers

e Springman, S. Kienzler, P. Casini, F. Askarinejad, A.,
2009, Landslide triggering experiment in a steep forest-
ed slope in Switzerland ,Proceedings of the 17th Inter-
national Conference on Soil Mechanics and Geotechnical
Engineering (ICSMGE 2009)

e Vanicek, I. Vani¢ek, M. Zalesky, J., 2009, Monitoring of
tunnel lining deformation and deterioration ,Proceedings
of the 17th International Conference on Soil Mechanics
and Geotechnical Engineering (ICSMGE 2009)

e Huang, C.C., 2009, Failures of soil structures during the
1999 Taiwan Chi-Chi earthquake ,Earthquake geotech-
nical case histories for performance-based design

e Bandeira, A.P.N. Coutinho, R.Q., 2008, Landslide risk
management: Experiences in the metropolitan area of
Recife ? Pernambuco, Brazil ,Landslides and Engineered
Slopes: From the Past to the Future.

(Geoengineer.org / Friday, 30 October 2015)
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Exploration of an Ancient Mayan Sinkhole in
Mexico

A difficult but extremely interesting mission under-
took the American photographer and diving instructor
Troy Iloski, attempting to explore and photograph the
Ancient Mayan sinkhole deep in the Mexican jungle.

A difficult but extremely interesting mission undertook the
American photographer and diving instructor Troy Iloski,
attempting to explore and photograph the Ancient Mayan
sinkhole deep in the Mexican jungle.

The underwater cave at a depth of 122 meters in Quintana
Roo of Mexico is believed that it was a place of sacrifice for
the Mayans, and it is full of bones of animals and humans.

"I think the ancient Mayans use this giant hole for sacrifice
or burial", describes the photographer.

It is believed that there are over 6000 sinkholes which were
created naturally in Mexico, but less than half of them have
been explored.

Enjoy the photos below!
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Source: dailymail.co.uk, news.com.au

Related Geotechnical Papers

e Mendez, B. Botero, E. Romo, M.P. Marengo, H., 2009,
Three-dimensional numerical modelling of a high slope
cut in a rock mass having complex geological for-
mations, Proceedings of the 17th International Confer-
ence on Soil Mechanics and Geotechnical Engineering

(ICSMGE 2009)

e Garcia, S. Romo, M., 2009, Treatment of geoseismic
data as a non-stationary process, Proceedings of the
17th International Conference on Soil Mechanics and
Geotechnical Engineering (ICSMGE 2009

e Chiu, S.L. Lam, T.S. Yu, H.W.P., 2009, Application of
Computed Tomography technology for exploration of
deep underground cavities and solution features
,Proceedings of the 17th International Conference on
Soil Mechanics and Geotechnical Engineering (ICSMGE
2009)

e Whiteley, R.]. Stewart, S.B., 2009, Enhanced site char-
acterization of covered karst with surface and borehole
seismic imaging ,Proceedings of the 17th International
Conference on Soil Mechanics and Geotechnical Engi-
neering (ICSMGE 2009)

(Geoengineer.org / Tuesday, 03 November 2015)
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Brazil dam burst: Rivers of thick red mud
(video)

A dam holding back water from an iron ore mine near Mari-
ana, Brazil, has burst.

Officials say one person is confirmed dead. But there are
reports that up to 16 have died and others are missing.

Authorities have warned that the water mixed with residue
from mining operations could be toxic.

(Julia Carneiro / EIB, 6 November 2015,
http://world.einnews.com/article/295568013/mmoKku508g
7ZtDNy)

Dam Breach of Toxic Sludge

A mudslide unleased at Bento Rodrigues in south-
eastern Brazil, when a dam broke at a mining deposit
site. At least 17 people died and 40 people are miss-
ing.

A mudslide unleased at Bento Rodrigues in southeastern
Brazil, when a dam broke at a mining deposit site. At least
17 people died and 40 people are missing.

A torrent of thick red mud destroyed houses and cars.

Bento Rodrigues, with 600 inhabitants who mostly work in
the mining company Samarco, buried under a river of mud.

Residents of Mariana donated mattresses and mineral water
for those affected.

The Fundao dam in which 25 people were working, re-
strained toxic mud from mining waste on an area equivalent
to 10 football fields. For a reason which is still unknown, the
dam fell is releasing a torrent of mud that was spread over
an area of two kilometers.

The alarm sounded and the neighboring cities sent immedi-
ately firefighters and ambulances, helping residents of
Bento Rodrigues to be removed from the place of destruc-
tion and take refuge in the nearby hills.

Source: dw.com, malaysiandigest.com

(Geoengineer.org / Saturday, 07 November 2015)
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Video: Meridian “Sinkhole”

A sinkhole which is about 50 feet wide and 600 feet
long, opened up in Meridian, Mississippi, USA.
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A sinkhole which is about 50 feet wide and 600 feet long,
opened up in Meridian, Mississippi, USA. The causes of the
phenomenon are still unknown.

The huge cave-in opened up in an IHOP parking and shal-
lowed 15 cars causing terror!

Local authorities blocked the area in order to keep people
away because nobody knows the progress of the phenome-
non.

Meridian Fire Department Chief Battalion Wayne Cook said
"Upon arrival, we found multiple vehicles in the ditch. At
this time, we are trying to stabilize this and keep everyone
away."

Meridian Public Safety Director Buck Roberts said "he col-
lapse was not technically a sinkhole, which is usually the
result of an underground water aquifer that dries and leaves
a void in the ground. You can call it what you want, a cave-
in or whatever, but it is not a sinkhole,"

Engineers and contractors are currently studying the site.

Some people believe that the phenomenon is caused by a
collapse of a subterranean cave.

Video https://www.youtube.com/watch?v=Ifh3p FTy28

Source: usatoday.com
(Geoengineer.org / Monday, 09 November 2015)
Znueiwon EkdoTn

Mpopavwg dev npokeiTal yia sinkhole, oUTe yia Tnv Katap-
peuan «unoyeiou»!!! onnAaiou. 'ONWG Kal TO OUVOJEUTIKO
keigevo Tou video avagepel (It is apparently not really a
sinkhole but some kind of underground drainage collapse),
n acTtoxia oQeiAeTal oTNV KATAPPEUCN AMOXETEUTIKOU ayw-
you and kupaTodeidr) Aapapiva (Corrugated Steel Culvert),
n €€000G Tou onoiou qaiveTal oTnNV eWTOoypaPia Kal n £€€0d0¢
Tou, Katw anod Tov dpouo, Ppaiveral aTo video.

(G248 -0

Fulgurite: A rare phenomenon

A bolt of lightning is able to deliver up to 5 gigajoule of en-
ergy (energy that can power a house in the US for over a
month). When such a powerful lightning strikes a sandy
area, then under special conditions, the sand particles can
melt and fuse in less than a second. It is known that the
sand melts at about 1,800 degrees Celsius, and the tem-
perature of a bolt can reach 30,000 degrees Celsius.
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So, sometimes when a bolt of lightning strikes sandy areas,
tubes of sand that are called fulgurites are created. Despite
the fact that there are over one million lightning that strike
Earth every day, the fulgurites are rare.

Fulgurites are usually occurring beneath the surface of the
sand and their shape reflects the way that makes lightning
as it dispersed into the ground.

Fulgurites resemble roots with rough surface. However, the
inner surface is smooth and glassy, because of the fact that
the sand cools rapidly and solidifies. Their size is based on
the strength of the lightning and the thickness of the sand
bed. There are some occasions that fulgurites can penetrate
deep into the soil, up to 15 meters below the surface.

Lightning bolt

Ground / surface

Fulgurite formation

The fulgurites are known since 1711 and they are appreci-
ated for their scientific value. A fulgurite that is 250 million
years old found in the Sahara, has confirmed that the de-
sert was a fertile area where the storms were frequent.

This is NOTa
sfl_.llgurite
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Some people claim that this image is an example of fulgu-
rite. In fact, it is a sculpture (wood from the beach that is
covered with sand) creation of "Sandcastle Matt".

As the Museum of Hoaxes rightly observes, "A fulgurite of
that size would be extremely valuable, and most likely
would already have been carted away to a museum. It
wouldn't be sitting on a beach surrounded by holiday-goers,
any one of whom could potentially break it."

Source: amusingplanet.com, geology.utah.gov

(Geoengineer.org / Wednesday, 11 November 2015)
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Total immersion: the world's longest immersed tunnel
Danish engineers are poised to begin construc-
tion of the world’s longest immersed tunnel

Denmark is no stranger to challenging infrastructure pro-
jects. Over the years - primarily in an effort to improve the
transport links between the country’s mainland and its larg-
est islands - it has built a host of record-breaking bridges
and tunnels that have cemented its reputation as a global
centre of structural engineering excellence.

But now, its civil engineers are poised to begin a construc-
tion project that could be the country’s most challenging
yet: an 18km-long sub-sea tunnel that will link the German
island of Fehmarn with the Danish island of Lolland. Its pro-
ponents claim that it will fundamentally transform transport
in the region, replacing around two million ferry journeys
annually, and slashing rail travel time between Copenhagen
and Hamburg by more than 25 per cent.

Dubbed the Fehmarn Belt Fixed Link (after the Baltic strait
separating the two islands), the new link will be the longest
immersed tunnel ever built and will be five times longer
than the current record-holder, the @resund tunnel, which
is also in Denmark. Constructed from vast pre-fabricated
concrete sections that will be installed in a trench on the
seabed up to 35m beneath the surface, the tunnel will com-

prise twin railway lines, four motorway lanes and a separate
emergency tube.

Kim Smedegaard Andersen is the technical director for
Femern A/S, the Danish government-owned organisation
responsible for building the tunnel.

The tunnel will be installed in a trench on the seabed

He explained to The Engineer that a direct link across the
Fehmarn Belt has been under discussion for a number of
years, but that a tunnel was chosen as the preferred solu-
tion primarily because of the distance of the link, the water
depth in the Fehmarn belt and a host of environmental fac-
tors. “A tunnel below the seabed will cause some environ-
mental disruption during construction,” he said,
“but once in place it will be neutral, while a bridge, which
would have giant pillars would constantly impact on the
environment.”

The decision to build an immersed tunnel rather than a
bored tunnel such as those recently excavated for London’s
Crossrail project was, he added, driven by both the desired
size of the tunnel (it would require the largest tunnel-boring
machine ever built) and the complex geology of the region.
“"We don’t have a uniform soil type, there are some very
plastic clays and some very hard marine clays with a lot of
flint and it can be a very complicated to construct machin-
ery which can cope with material changing from sand and
silt to clay and so forth.”

The project has been formally approved in Denmark, and
the team is now waiting for it to be signed off by the Ger-
man government. Once this happens, a mammoth manu-
facturing and engineering operation will begin.

The first step will be the construction of a giant purpose-
built manufacturing facility and harbour near Rgdbyhavn, on
the south coast of the Danish island of Lolland.

Here, eight identical production lines will be set up for the
continuous casting of the huge reinforced concrete elements
that will form the structure of tunnel.

A giant factory and harbour will be built specially for the
project
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Made from a series of nine identical segments that are
joined together during the manufacturing process, each
element will weigh approximately 73,000 tonnes and will be
217m long, 9m high and 42m wide. A total of 89 separate
elements will be produced for the tunnel. Ten of these will
feature a special additional deck beneath the traffic tube
that will be used to carry out maintenance work once the
tunnel is operational. This, said Andersen is a completely
new innovation in immersed tunnel design that has been
necessitated by the distance of the crossing. “Most tunnels
are so short you are only operating from the poles,” he
added.

Once an element has been cast, watertight steel bulkheads
will be added to each end of element to ensure that it floats
and it will be pushed into a basin and towed to a holding
area near the trench.

The element will then be connected to advanced pontoons
that will be used to carefully guide it to the immersion site.

Once positioned directly above the trench, cables anchored
to the seabed will hold the element in position, and its bal-
last tanks will be filled with water to enable it to sink to the
seabed. Its descent to the immersion site will be carefully
controlled by cables attached to the immersion pontoon
while a combination of GPS and sonar will help guide the
giant structure to its final resting place.

The tunnel sections lowered into place; the voids will house
two railway lines and four motorwat lanes

The next challenge is connecting the separate elements
together on the seabed in order to form the tunnel, and this
is achieved using an elegant process that Andersen likens to
“a great big kiss”. When the tunnel element has been
placed in the tunnel trench and lined up with the previous
one, a hydraulic arm will be used to haul the new element
right up to the existing one.

As the elements are brought together, huge rubber gaskets
mounted on their ends will form a watertight chamber be-
tween the steel bulkheads. Water is then pumped out of
this chamber, until it's at normal atmospheric pressure, and
the considerably higher water pressure on the free end will
force the elements close together creating a watertight
seal.

This will continue until all the elements are in place. They’ll
then be secured in the tunnel trench with gravel and sand,
and covered with a protective layer of stone. The top layer
of stone will be level with the existing seabed and the tun-
nel itself will be safely below the seabed, protected against
ship anchors and other collisions.

Once that process is complete, the engineering team can
then set about installing the road and rail infrastructure that
will, says Andersen, make the Fehmarn tunnel one of the
most advanced links of its kind in the world.

Much of the technology that will be deployed in the tunnel
is, he said, still to be decided. Safety and traffic manage-

ment systems are evolving rapidly and with the project ex-
pected to take around eight years to complete, he and his
team are watching developments around the world with
interest.

In the meantime, with the Danish parliament giving the
scheme the go-ahead earlier this summer, Andersen and his
team are anxiously awaiting a similar vote of confidence
from the German federal government.

(Jon Excell / the engineer, 13 November 2015,
http://www.theengineer.co.uk/in-depth/analysis/total-
immersion-the-worlds-longest-immersed-

tunnel/1021406.article?cmpid=tenews 1750541)

TA NEA THZ EEEEI'M - Ap. 84 - NOEMBPIOZ 2015

ZeAida 39



ENAIAG®EPONTA -
2EI2MOI

ZUOKEURN NPoEIdonoinong yia TOouvapl 8a eyka-
TaoTtaBei oTov KopivOiako

Mia véa neipapaTikr GUOKEUN XapnAoU KOOTOUG yia TNV Ka-
Taypagn Tng otaduncg Tng 8alacoag, mou Ba nposidonolei
€yKalpa yia enepXOPEVO TOOUVAWMI, AVENTUEAV EMICTHMOVEG
Tou KoivoU EpeuvnTikoU Kévtpou (Joint Research Center-
JRC) Tng Eupwnaikng ‘Evwong.

Ol NPWTEG TEOOEPIG OUOKEUEG gykaTaoTabnkav ndn Ttov O-
kTwPRpIo otnv Ionavia kai ornv MopToyaAia (and dUo oe Ka-
e xwpa), evw AAAeg 16 Ba eykataoTtabouv oTn Meagdyeio.
SUpQwva pe 1o JRC, pia and autég Ba TonoBeTnOei oUvTopa
oTov AuTikd KopivBiako KoAno, o€ ouvepyacia pe To EOviko
AcoTepookoneio ABnNvav.

Ta cuoTnuata £ykaipng npoesidonoinong yia Toouvaul Baoci-
CovTal TOOO O€ OEIoPOYPAPOUG, 000 Kal o oTaduouc WETPN-
ong TnG oTadung Twv udaTtwv. OI otabuoi auTtoi eykabioTav-
Tdl oUVNBWEG KATA PMAKOG TWV AKTWV.

H véa ouokeuny Inexpensive Device for Sea Level Measure-
ment (IDSL) peTpd Tn oTddun Tou vepolU OE MPAyHaATIKO
Xpovo. H peETpnon yiveralr kdBe névre deuTEPOAENTA Kal Ta
oToIXeia METAdidovTal OTOUG KEVTPIKOUG UMOAOYIOTEG TOU
JRC. Ta dedopéva cival apeoa diabéoiya yia avaiuon Kai
npoéoBacn os autd and pia €181Kn 10TooeAIda.

EkTOG ano Tov KopivBiako, TETOIEG CUOKEUEG Ba TonoBeTn-
BoUv oTtnv ITaAia, oto AiBavo, oTo Mapoko, oTn Poupavia,
otnv Tuvnoia kar otnv Toupkia. To 6Ao dikTuo Ba evraxdei
OTO €UPUTEPO ZUoTnua Mposidonoinong yia Toouvaul os Bo-
pelo ATAQVTIKO kal Meogoyeio (NEAMTWS), nou €xel OTROEl N
dIaKUBEPVNTIKA wKEaAvoypagikn enitponn Tng Unesco.

(H KAOHMEPINH / ANE-MMNE, 16.11.2015,
http://www.kathimerini.gr/838766/article/epikairothta/epist
hmh/syskeyh-proeidopoihshs-gia-tsoynami-8a-
egkatasta8ei-ston-korin8iako)

3.E. Nooog xpdvog evvoeital pe Tov 6po «'Eykaipn Mpoeido-
noinon»; MNa Tnv nepintwon Tou KopivBiakou KdAnou o
Xpovog «Ta&idloU» Tou tsumani aveépyeTal Oc MEPIKA
deuTepoOAenTal
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ENAIAG®EPONTA -
NMEPIBAAAON

Téwg 6aAacoa
'OTav n MECOOYEIOG OTEYVWOE

MNa oxedov 300.000 xpovia, n Megoyelog ATAV Hia €PNHOG
ano aAaT

Ynnp&e pia enoxn nou n Meooyelog €naye yia Aiyo va eival
0aAaooa -PETATPANNKE OE MId an€pavtn €pnuo ano aAdmi
NAaxoug katovtadwyv A XIAIGdwv PETpWV. Ta aiTia auThg TNG
YEWAOYIKNG Kpiong napauévouv ev noAAoig adieukpivioTa,
ONw¢ Qaiveralr 6w OXeTICOVTAl e TOoug Ndyoug TnG Avtap-
KTIKAG.

O Bavartog Tng Meooyeiou npiv anod 5,6 ekatoppupia xpovia
eniBeBaiwdnke w¢ cupBav tn dskacTia Tou 1970, Kal ol YeEw-
Aoyol To ovopalouv onuepa «kpion aAatdétnTag Tou Meoon-
viou», and To Ovopa TNG YEWAOYIKNG MEPIOdOU KATA TNV O-
noia ouvepn.

H aitia Tng €€ATHIONG NAPAUEVEI OAPEPA AVTIKEIPMEVO €MICTN-
MOVIKNG diapaxng: aAAol nmotelouv OTI N Megoyelog anoyo-
vwonke anod Tov ATAavTikO AOYw®w piag Awpidag &npdg nou
OXNUATIOTNKE and Tn METAKIVNON TWV TEKTOVIK®V MAAK®OV
otnv nepioxn Tou MBpaATap. AAAol, naAl, anodidouv To GUp-
Bav oe peyain unoyxwpnon Tng oTadung Tou wkeavou, n o-
noia oTaPATNOE TN por VeEPoU Mpog Tn Aekdavn Tng Meooyei-
ou.

Néa dedopéva nou deixvouv va evioxuouv Tn deUTepn auTh
Bswpia dnuocielovTal Twpa anod diebvr epeuvnTIKA opada
otnv eniBewpnon Nature Communications.

Me enike@aAng Tov Ap KpioTiav Oveilep Tou MavenigTnuiou
Tou OTayko otn N€a ZnAavdia, ol epeuvnTeC eEéTaoay deiy-
paTa anod 60 onpueia Tou nuBuéva yupw ano Tnv AVTApKTIKD.
Mpayuati, n availuon £J3€i€e OTI N ANEIPOC CUCCWPEUE NAYO
nepinou Tnv €noxr nou n Meooyelog VEKPWONKE.

AuTO deixvel OTI n kpion aAaTtoTnTag Tou Meoonviou nepinou
CUMMINTEI XPOVIKA WE WIa ATWON ThG OTABUNG o naykoouio
€NiNedo -TO VEPO TWV WKEAVWV WETATPAMNNKE OE NAYO Mou
OUCOWPEUOBNKE OTNV ENpa TNG AVTApPKTIKAG.

STnv endpevn @Aacn TNG MEAETNG, Ol EPEUVNTEC XpNalhonoin-
oav UMNoAOYyIOTIKA HOVTEAA yid vd MPOCOHOINCOUV MNWG N
€NEKTACN TOU NAyokKaAUPNAToG TNG AVTApKTIKAG Ba ennpéale
TN YewAoyia oAOKAnpou Tou nAavATn.

To povTEAO €3€I€E OTI N NTWON TNG OTABUNG JEV NTAV OHOIO-
goppn og 6An TN ' AOyw piag «nepinAokng aAAnAenidpaong
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avapeoa otn BapUTnTa, TNV NEPICTPOPN TOU NAAVATN Kal TIC
napapopP®OEIG TOU YRIVOU (AoIoU and Tnv €nNEKTAcn Kal
TAV unoxwpnon Twv naywv» Agsl o Ap Ovellsp.

STAV nepIoXn TAG Meooyeiou, N NTWON TNG 0TAOUNG 0dRynoe
o€ Meiwon TN nieong nou ackoUoe To vePO aTo PBuBO TNnG
B8aiaocoac. Kar étav To Bapog Tou vepoU PeInBnke, o BuBog
yUpw ano 1o =Tevod Tou MBPaATap avuywonke.

«AUTO KpdTnoe Tn MegoOyelo anopovwuévn and Tov ATAav-
TIKO PEXPI MOU O YNIVOG PAOIOG XAAApWOE Kal Apxioe va Bu-
BiCeTal. Tnv idia gnoxn, ol nayol TNG AVTapKTIKAG apxioav va
Mwvouv, aveBalovTag kai ndAl Tn oTadun Tng 6alacoag».

Zxedov 300.000 xpovia HETA TNV ANoveKpwon Tng Meooyei-
ou, npiv and 5,33 skaT. Xpovia, n oTabun nTav apkeTa uywn-
AR yia va pnop&couv Ta vepd Tou ATAAvTIkoU va diaAugouv
Tn oTevn Awpida Enpac ato MNBpaATap.

AuTO nou akoAoUBnoe nTav pia nAnuuUpa BIBAIK®V diaoTa-
OEWV NMou YEPIOE §ava Tn Peooyelakr Aekavn.

O1 eKTIHACEIG YIA TO NO0OG XPOVOG XPEIAOTNKE HEXP! va a-
vaoTnBsi N Meoodyelog noikiAouv. ZUPPWVA NAVTWG HE PEAE-
Tn nou dnpooielTnke oTto Nature To 2009, n pon ATAv TOCO
MEYAAn waoTe oAOKANPN n peooyelakn Aekavn EavayEuios o€
AlyoTepo and duo xpovia (KatakAuopiaia nAnuuUpa yéuios
TN  Meooyelo oe  unveg,  http://news.in.gr/science-
technology/article/?aid=1084327).

ZRuepa, papTupag autoU Tou BavdaTou KAl TNG AvAcTAoNng
TnG Meooyeiou eival €va naxV oTpwpa aAaTiou nou kpuBeTal
ONMEPA HEPIKEG €KATOVTADEG METPA KATW anod Tov BuBo -To
aAdTl piag apxaiag Meooyeiou nou EgpabnKe.

(BayyeAng MpaTikdkng / Newsroom AOA, 11 Noe. 2015,
http://news.in.gr/science-
technology/article/?aid=1500038730&ref=newsletter)

Antarctic glacio-eustatic contributions to late
Miocene Mediterranean desiccation and
reflooding

Christian Ohneiser, Fabio Florindo, Paolo Stocchi, Andrew P.
Roberts, Robert M. DeConto & David Pollard

Abstract

The Messinian Salinity Crisis (MSC) was a marked late
Neogene oceanographic event during which the Mediterra-
nean Sea evaporated. Its causes remain unresolved, with
tectonic restrictions to the Atlantic Ocean or glacio-eustatic
restriction of flow during sea-level lowstands, or a mixture
of the two mechanisms, being proposed. Here we present
the first direct geological evidence of Antarctic ice-sheet
(AIS) expansion at the MSC onset and use a 30 record to
model relative sea-level changes. Antarctic sedimentary
successions indicate AIS expansion at 6 Ma coincident with
major MSC desiccation; relative sea-level modelling indi-
cates a prolonged ~50 m lowstand at the Strait of Gibraltar,
which resulted from AIS expansion and local evaporation of
sea water in concert with evaporite precipitation that
caused lithospheric deformation. Our results reconcile MSC
events and demonstrate that desiccation and refilling were
timed by the interplay between glacio-eustatic sea-level
variations, glacial isostatic adjustment and mantle defor-
mation in response to changing water and evaporite loads.

(Nature Communications 6, Article number: 8765,
doi:10.1038/ncomms9765,
http://www.nature.com/ncomms/2015/151110/ncomms976
5/full/ncomms9765.html#affil-auth)
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‘OTav avoige 1o MNpBpalirap
KatakAuopiaia nAnHHUpa yéHioe Tn Meooyelo o€

HAVEG

H nAnuuUpa nou yepioe Tn Meooyelo npiv and 5,33 ekatop-
HUpIa xpdvia ATav Tooo o@odpr WoTe n OAn diadikaacia oAo-
KANpwOnke og diaoTnua ano Aiyoug pnveg pexpl duo xpovia,
HapTupoUuv Ta ixvn evog unoBpuxiou kavaAiol oTnv nepioxn
Tou MBpaATap.

Mpiv and nepinou 5,6 ekatoppupla Xpovia unnpxe oTo I-
BpaATap £vag 100ud¢g nou évwve Tnv Ionavia pe Tnv AQpikn
Kal anékonte Tn Meoodyelo and Tov ATAavTike. H Balacoa
oradiakd eEatuildoTav, PEXP! Mou n oTdbun Tng €neoe 1.500
pE 2.700 peTpa kATw and To €ninedo TOU YEITOVIKOU WKEA-
vou.

Kal ka@w¢ n aAatdétnTa TnG Meooyeiou auavoTav, Ta vepa
TNG 0Tadiakd anovekpwvovTav.

Mponyoupeveg peAéTeg unodeikvuav OTI n nNAnpuUpa mnou
Eavayepios TeAIkG Tn Megoyeio difpkeos anod 10 £wg apKeTEC
XINIAdeg xpovia, avapepel To FaAAiko MpakTopeio Eidnoewv.

H véa €peuva, nou BacioTnke oe dedopeva and YEWTPROEIG
Kal OEIOPIKEG PETPNOEIG, Ogixvel OTI N NANUUUpPa ATav noAu
nio anoTtoun and o,T vouidav ol ENICTAHOVEG, Kal eEEAIXBNKE
ME IapOPETIKO UNXaviopo.

«Aev @avtalopaoTe €vav KaTappdkTn, Onwg cuvABwg anel-
KovieTal [oTa ox&dla dAAwv enioTnUovwv]. Ta YEWPUOIKA
dedopéva unodnAwvouv Tnv UNapén Hiag TepacTiag paunac,
NAGTOUC ApKETWV XIAIOMETPWY, Nou Katneopile and Tov AT-
AavTikd oTtnv ano&npapevn Meooyeio» ypagouv ol Ionavoi
€pEUVNTEC aTo neplodiko Nature.

H peAETn anokdAuwe paAioTa €va kavaAil 200 xAp, To onoio
diavoixTnke oto BuBO anod vepd nou kuloloav pe TaxuTnTa
300 XIAIOMETPWV TNV WPA.

H andétoun nAnuuUpa avéBale Tn oTadun TnG Meooyeiou £wg
Kal kata 10 péTpa TNV NUEPA, €KTIWA n opada Tou NTavieA
IkapBia-KaoTeAdvog oTo IvoTiToUTo MewenioTnu®v TnG Bap-
KeAOVNG.

H pon ATav TpinAdcia and Tou Apaldviou.

Mali pe Ta TpexoUNEvVa veEPA (paiveral OTI €NECTPEWAV OTH
Meoodyelo kal didpopol Baldcaiol opyaviouoi nou sixav eEa-
@avioTtsi Aoyw TnNg uwnAng aAaTtotntag, otav n B6dAlacoa
akopa e&aTpigoTav, €xouv dei&el NaAaIdTePeG HEAETEG O€ 10N
gara.

‘Ocov agopd Tnv aiTia autol TOU KATAKAUGHIGiou oupBav-
TOG, To MBavoTepo €ival 0TI NUPOJOTHBNKE anod unoxwpnon
TWV TEKTOVIKOV MNAGKQOV.

(Newsroom AOA, 10 Aek. 2009, http://news.in.gr/science-
technology/article/?aid=1084327)

TA NEA THZ EEEEI'M - Ap. 84 - NOEMBPIOZ 2015 ZeAida 42



ENAIADOEPONTA - Iya Vaue, Ianwvia
AOINA :

'OpopPEeG NECOYEPUPEG OTOV KOOHO!

Kanoleg anoTeAolv BaUpaTa apyITEKTOVIKNG, GAAEG Xpw-
oToUv oTn @Uon Tnv Unap&n Toug! Kanoieg anotelolv Bau-
HaTa apxITEKTOVIKNG, AAAEC XpwaoTouv oTn @Uon Tnv Unapén
TOUG!

€ QUTA TNV ANOWPAKPUOHEVN Kal duaonpooiTn MEPIOXN TNG
Ianwviag €Bpiokav navra kataguylo ol Napavopol Kal kaTa-
{nToupevol TnG xwpac. 'ETol, ekaTovtadeg xpovia npiv, Xpn-
olgonoinoav dUo avappixnTika @UTA, nou GUTpWvav oTIG O-
X6e¢ Tou noTtapou, kal Ta enAsEav PeTa&U Toug dNUIOUPYWV-
TAG TNV HNKOUG 45 WETPpWV YEQUPA. ApXIKA UMNMPXav HOvo
oavideg nAeypeéveg pali pe Ta kAadia aAAd nAéov n yépupa
£XEl evioXuBei Pe oUpua Kal NAQiva NpooTATEUTIKA.

Trift Bridge, EABeTia

MepIKEG YEQUPEG €ival NOAU MIO EVTUNWOIAKEG TN VUXTA. Z€
auTh TNV KaTnyopia avnkel n pRkoug 240 péTpwv neloyEQu-
pa navw and Tov notaud Tees oTn BopeloavaToAikn AyyAia.
To €idwAo TNG yEQupag avTikaTonTpileTal oTo veEPO ev® Ta
(GWTA KATA PNAKOG TNG aAAalouv o6Tav nepnaTtolv nedoi Navw
TNG KaBodNywvTag Toug aTnv anévavTi oxoen.

Moses Bridge, OAAavdia

H peyaAuTtepn neloyepupa oTiG EABETIKEG ANMEIC £XEl PAKOG
170 péTpwv Kal kpépetal og Lwog 100 pETpwY NAvw ano Tn
Nipvn Triftsee. Aéxetal KGBe xpodvo XIAIGDEG EMIOKENTEG NOU
ToApoUV va Tn diacxioouv.

Festina Lente, Boovia & EpleyoBivn

Eival n nio kopwn nefoyépupa Tng AioTag pag apou dev Bpi-
OKETAlI NAVW anod To vepd aAAd PEoa Ot auTo. SUVOEEl TIG
dUo OxBec Tng Tappou oTo Ppoupio Fort de Roovere Tng
noAng Halsteren ora voTioduTIKG TNC XWpac. Eival kaTaokeu-
acpeévn ano €va high-tech E0Ao, To Accoya evw To Ovopd
NG €ival gunveucpévo and To Mwuon nou cUPPWVA HE TN
BiBAo di€oxioe Tnv EpuBpd ©dAacoa xwpilovTag Tn otn He-
on.

“Sneude Bpadiéwg” sival n PYETAPPACN TOU AATIVIKOU ovOoua-
TOG TNG YEpupag nou diacyifel Tov notapd Miljaka oto Za-
payieBo kal odnyei oTnV €KKANCia TNG nNOANG. =XedIAOTNKE
and TPEIG POITNTEG TNG ZXOANG KaAwv Texvwv Tng noAng,
€ival KaTaoKeuaopévn anod atodAl YE PNKoG 38 PETPWV Kal
€YKAIVIAOTNKE HOAIG TO KaAokaipl Tou 2012.
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Randy Pausch Memorial Footbridge, HIIA

H neloyépupa eykaividotTnke To 2009 npog TIKAV Tou kabn-
ynTn TG Emotiung Twv YnoAloyioTwv Randy Pausch, o o-
noioc €ixe xaosl TN PAxnN ME TOV KAPKivo £€va XpOvo VwpiTe-
pa. H yépupa ouvdéel Ta KTipia Tou navenioTnuiou Carnegie
Mellon University kal €xel navw and 7.000 ewrta LED Ta
onoia dnuioupyouVv WoTIBa eunveucuéva and TIG OMIAIEC Tou
kaényntn. MNa napadeiypa, oto “coou” nou diapkei 15 Aenta
kal enavalappaveral oAn Pépa, 6a OeiTe PWTICUEVEG PIyoU-
PEG niykouivwv va BouTolv oTo vepo. O Pausch ouvnBile va
Aé€l NwG akOpa Kal aTa nio enikivduva vepd €vag niykouivog
Ba €npene va €ival o M0 YEVVAIOC yIa va KAVEl TNV NpwTn
BouTiad.

War-Khasis Bridge, Ivdia

I

MpokerTal yia “{wvTaves” yEPUPeG Nou dev kaTaokeudlovral
aAAG HEYAA®VOUV HE TO MEPACHA TOU XpoOvou. Tnv 10€a ouv-
€AaBav npiv apkeToUg ai®VEG Ta HEAN TNG PUANG War-Khasis
otnv BopeioavartoAikn Ivdia, £va anod Ta Mo uypa PEPN oTov
KOOpOo. KaBodriynoav TIG pileG TOU KAOUTOOKOJEVTPOU anod
Tn ia 6x6n Tou notapoU aTnVv AaAAn, ol onoieg dnuioupynoav
TEAIKA Tn Yeépupa. XpeialovTal nepinou 15 xpdvia yia va
oAokAnpwOei autn n diadikacia aAAa ol Yépupeg 600 nepva-
€l 0 kaipdg yivovTal nio yePEG Kal pnopoUv va avreEouv To
Bdapog pEXp! kal 50 avepwnwv.

Reiman Bridge, HMA

H kaAwdiwTr yEQUPa cuvdEsl TRV NOAN TOU MIAYOUOKI HE TO
Hougeio TEXvNG nou polalel Je kabedplkd oTnV akpn TnG Ai-
Mvng Miolykav. To gouToupioTikO design nou Bupilel NOUAI
unoypael o KahaTtpapa, o onoiog oxediaoe kal To Houaeio.
H yépupa sykaiviaornke 1o 2001.
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H ToipevTévia yépupa kaTaokeuaoTnke To 1908 yia va ouv-
dcel he TPOAET TIg noAeig Shelburne kal Buckland Tng Maoa-
XOUTETNG. QG TOo 1927 01 HETAPOPEG YivovTav NAEOV HE QOp-
TAYA KI €TCI N YPAMUMA KATapyndnke Kai n yE@upa YEUIOE
xopTapia. ToTe, duo yuvaikeg, n Clara S. C. Barnard kai n
Antoinette Burnham egixav Tnv 13éa va PETATPEWOUV TN YE-
(Pupa o€ KANO Nou JIATNPEITAl EVTUNWOIAKOG WG ONHEPA.

Benson Footbridge, HMA

(T T
-

Kpepaopévn og Uwog 32 PETPWV NAvw and Ta vepd Tou Ka-
TappakTn Multnomah oTto 'Opeykov, n MNAKOUG 14 pETpWV
YEQUpPA XTioTNKe To 1914 ano ITaAoUg TeEXVITEG TNG NETPAG
ME XpNuATodOTNON TOU EMIXEIpNUaTia kal QIAavepwnou
Simon Benson.
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Most Ljubavi, ZepBia

MNavw anod 400 nelka Nou €XOUV (PUTEUTEI nepinou oTn deka-
€Tia Tou '30, €xouv auTn TNV 1I31aITEPOTNTA OTOV KOPHO TOUG,
oxnuaTidovrag To ypauua C. Ta dsvTpa HEYAA®VOUV Kavovi-
K@ xwpic va ennpedlovTal ano Tnv 1IdlopopPia auTh.

(Newsroom AOA, 18 Nogp. 2015,
http://news.in.gr/perierga/article/?aid=1500040175)

H FEpupa Tng Ayanng €ival n nio yvwaotn and Ti¢ 15 yEQupeg
TnG ndAng Vrnjacka Banja kal €ival yvwaoTn yia Ta agerpnTa
AOUKETA@ ME OVOMATA EPWTEUMEVWV Jeuyapi®V KAEIDWHEVA
0Ta KAYKEAd TNG wg oUPBOAO aiwviag ayanng. H ioTopia €xel
w¢ €EAC: kata Tn diapkeia Tou A’ Maykoopiou MoAguou, n
Nada, pia vronia dackala gpwTeUTNKE ToV OTPaTiOTN Relja,
0 onoioG a®oU appaBwvidoTnkav, £PUYE yid va MOAEUROEI
otnv EAAGDOA. 3TN Xwpa HAG OMWG €pWTEUTNKE MId veapn
ano Tnv Képkupa kai dieAuoe Tov appaBwva Tou pe Tn Nada,
n onoia néBave ano Tn oTevoxwplia TnG.

(5 NoguBpiou 2015)

(G240

ByaApévo andé napapuBi
To HUOTNPINIEG 3ACOG HE TOUG KAMNUA®MTOUG
KOpHOUG oTnVv MoAwvia

Moialel oav €va PEPOG nou €xel Byel and Ta napaupubia. Ki
OMWC UNAPXEI TNV NpayuartikoTnTa.

MpokeITal yia To Aeyopevo «XTpaBod Adooc» nou Bpiokeral
oTtnv MoAwvia kar €xel €va 181aiTEPO XApPAKTNPIOTIKO. ‘'OAa Ta
OEVTPa £XOUV HIa Mepiepyn KaunuAn otnv Baon Tou KopuoU
TOUG.
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
ENIZTHMEZ

FewAoyia Tng EAAG3ag
AnpnTpng NanavikoAdou

H EANGOa anoTelei éva QuUOIKO gpya-
oTnpIo YewAoyiag, nou divel Tn du-
vatdétnTa va avrmiAngBolue Tn on-
MEPIVRy evepyd yewduvapikn diepyacia Tou €eAAnvikoU o-
POYEVETIKOU TOEOU, nou nepiAapBavel Toug oeiopoug, Ta n-
(aioTela, TIG PETAKIVNOEIG AKTMV KAl TIG AAAEG YEWAOYIKEG
dlepyaocisg avuywoswyv Kal BuBicewv dia@opwyv NEPIOXW®YV,
kabwg kal Tng &vrovng d1dBpwaong, HETAPOPAG KAl anodbeang
InuaTtwy. Tautoxpova anoTeAei €va onoudaio YewAOYIKO
pouoeio, nou anokaAunTel TNV noAUnAokn ioTopia Tng ne-
PIOXNG KaTa Tn didpkela Twv TeEAeuTdiwv 300 €kaTOPHUPIWV
ETWV TNG UNap&ng Tou mAavnTn pag. Meéoa and Tn HeAETNn
TOV NETPWHATWV TNG EAAGSag pnopolv va avixveuBouv na-
NEG wkeavieg Aekdveg, Onwg oTn Bdpeia Mivdo kar Tnv ‘Op-
Opu, NaAld kKpuoTaAAIka neTpwpaTta Tou MaAaiolwikoU ai®-
va, naAid ypaviTikd Kal neaioTeiakd NeETpwUATa, Kabwg Kai
XAPAKTNPIOTIKEG PACEIG aoBeCTOAIBWY Kal AAAwV 1I{nuaroye-
VOV NETPWHATWY, TA onoia nepiEXouv anoAibwuarta Téco na-
PAKTIAG VNPITIKAG (pAcng, 600 Kal NeAAyIKAg n Kal aBuaaikng
@dong. Ta vedTepa 1IZAUATA ANOKAAUNTOUV Tn OUVEXN dAAa-
YN TnG naAaioyswypagiag Tng EAAAdAG, Pe NeEPIOXEG AIUVQY,
oponediwv, KOANWV nou PeTaBAAAovTal O VEEG HOPPEG V-
oIV, XEPOOVAOWV N WnAwv Bouvwv KTA. ‘'OAa Ta nponyou-
peva nepigxovral aTo BIBAI0 MOU NEPIYPAPEI TNV TEKTOVIKN
Joun TWV YEWAOYIKQOV OTPWHATWV Kal TWV ACINWV NETPWHA-
TV TNG EANGDAG, kaBwg kal Ta diadoyxika otadia €EENIENG
TNG NaAaioyewypagiag Kal TG YEwOUVAMIKAG OToV gupUTEPO
XWPO TnG Meogoyeiou.

(Ekddoeic MATAKH, OkTwBplog 2015)
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