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APOPA

The Crossrail Project
Questions and Answers

With a marathon’s worth of tunnels under one of the most
densely populated and complex cities in Europe, the sheer
scale of London’s new railway line is overwhelmingly im-
pressive.

Completed construction of the east-bound cavern at Step-
ney Green

The £15bn Crossrail project needs to accommodate 200
million passengers a year across a total of 100km of track
with 40 stations (including 10 new ones).

Work began back in 2008 and most of the tunnelling is now
complete — but services won't start running until 2018 so
there’s still plenty to do.

For the latest in our series of reader Q&As, members of the
engineering team behind Crossrail have answered your
questions on the difficulties and innovation of the project.

Which were the trickiest parts of London to tunnel
underneath and why?

Mike Black, Crossrail head of geotechnics, and Mike
King, Crossrail head of underground construction:

Crossrail is among the most ambitious infrastructure pro-
jects undertaken in the UK and will dramatically change
how people travel across London.

A total of 26 miles of train tunnels are being built beneath
the streets of London by eight tunnelling machines. The
tunnels are now more than 80 per cent complete and five
of the machines have completed their drives.

The project teams specified and procured machines and
equipment appropriate for the anticipated ground and
groundwater conditions, and have employed construction
methods suited to the ground and equipment chosen. As a
result the general tunnelling has been completed as
planned and as expected.

However, different areas have presented different chal-
lenges, based on the geology, groundwater conditions and
the local built environment. Some worthy of particular note
include:

e Launching and completing TBM drives with only shallow
ground cover, in non-cohesive material and in close prox-
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imity to sensitive structures and services on several con-
tracts.

26 miles of tunnels are being built beneath London

e For both TBM and SCL tunnels, controlling ground move-
ments where protection of third-party assets was reliant
on controlled settlement as the main method of protec-
tion This has been further complicated where multiple
contracts have affected the same asset, where tunnels
have been constructed in close proximity to each other
and when tunnelling at shallow depth, close to third-party
assets.

e Regional dewatering of the deep aquifer to assist in the
construction of some of the cross-passages and deep
shafts.

® On the Thames tunnel section (Plumstead to North Wool-
wich), the TBM drives and SCL cross-passages had to
cope with high water pressures, including a tidal variation
of 8m in very permeable strata.

Why was it necessary for Crossrail to pass so close to
existing Tube lines? Couldn’t it have ‘dived’ under-
neath them?

Mike Black, Crossrail head of geotechnics: Crossrail
was designed to provide direct connections to London Un-
derground and National Rail. Constructing Crossrail with
deeper tunnels and stations would have required an in-
creased number of escalators and passageways to enable
passengers to not only access Crossrail services but also
interchange with the existing transport network. Not only
would this have cost implications but deeper tunnels and
stations would increase the time it took for passengers to
access and exit Crossrail platforms. Additionally, in the
event of an emergency, deeper stations would result in
longer evacuation times.

The project is using eight Tunnel Boring Machines (TBMs)

A further potential issue resulting from deeper tunnels
would be a wider zone of surface settlement. While the
magnitude of the vertical movement within this zone would
be less than for shallow tunnels, potentially more buildings
and utilities would be affected.

The Crossrail stations are situated as high points relative to
the running tunnels to allow for more energy-efficient brak-




ing and acceleration of the trains when entering and leaving
stations.

The current methods of station construction would become
very inefficient if the tunnels were deeper. The current con-
figuration of open boxes at either end of the tunnelled sta-
tions would become impractical and stations would most
likely be limited to tunnel-only access to the platform lev-
els. The ground loads and consideration of long-term design
loading for groundwater would also result in significantly
more robust structures and foundations.

What was the technical process used in ‘threading
the eye of the needle’ — tunnelling between the very
tight clearances between the escalators and the
Northern line at Tottenham Court Road?

Andy Alder, Crossrail project manager, western tun-
nels: Crossrail used an earth pressure balance (EPB) tun-
nel-boring machine (TBM) to mine the western-running
tunnels between Royal Oak and Farringdon. The EPB TBM
mined the section of tunnel directly above the operational
Northern line platform tunnels at Tottenham Court Road,
directly below the London Underground station structures,
with less than 800mm clearance to each.

The EPB TBM controls ground movement during the tunnel
mining by maintaining pressure on the clay being excavated
within the cutting face. The cutterhead rotates as the TBM
advances, cutting the clay with tungsten carbide cutting
tools. There is a steel bulkhead that creates the cutterhead
chamber, separating the cutting face from the inside of the
TBM. A screw conveyor removes the excavated clay from
the cutterhead chamber, and the speed of rotation of the
screw conveyor controls the clay pressure at the cutter-
head. In this way the ground movement is controlled and
minimised. Foam is mixed with the clay to create the right
consistency of spoil to use the screw conveyor to maintain
pressure. Pressure in the TBM is monitored in real time to
allow it to be controlled.

A TBM is lowered into position

Behind the TBM, precast concrete segments are erected to
create the tunnel lining. Cement grout is injected around
the segments under pressure to lock the segments in the
ground, and to ensure that all voids are filled.

A laser guidance system is used on the TBM, to ensure that
its position is accurately known. Variable pressure on the
TBM shove rams around the circumference of the TBM is
used to control the TBM position to within £50mm.

Automatic monitoring was undertaken in the Northern line
platform tunnels. This used an automatic theodolite to re-
cord the position of a number of prisms fixed to the existing
tunnel lining and record any movement. This data was ana-
lysed in real time to monitor the effect of the mining on
London Underground’s assets. Recorded movements were

TA NEA THZ EEEEI'M - Ap. 67 — IOYAIOZ 2014

less than 3mm, well within predictions, and a remarkable
feat given that the 1,000t TBM passed only 800mm above.

TBM Victoria breaks through into Stepney Green cavern

Crossrail is routinely described as ‘Europe’s biggest
archaeology project’ as well as Europe’s biggest con-
struction project. To what degree have archaeological
concerns hindered the progress of the project and
how have you dealt with them?

Jay Carver, Crossrail lead archaeologist: Archaeological
finds have tremendous potential to affect a construction
schedule. Unexpected finds are the key risk alongside ac-
cess problems and logistics that in urban environments
often prevent an early start on the archaeology works. To
address this, we started at detailed design with a very
thorough research phase to understand the historic land
use at each of the 40 or so work sites. That allowed us to
assess what the actual quality of archaeological remains
was likely to be, and grade the programme risk — for ex-
ample, the impact that archaeology delays could have on
subsequent works.

The Chaterhouse plague pit is one of Crossrail’'s many ar-
chaeological finds

Combining those issues allowed us to assign each site a
critical, high, medium or low rating. Critical programme
sites included, for example, Liverpool Street ticket hall,
where the quality of the predicted archaeology (a deep se-
quence of Roman remains and a 16th century burial
ground) indicated that early site access was essential even
though it would not be easy. In that case, a road closure
and excavations to a depth of 6m was needed to fully quan-
tify the risk.

Although we have had the occasional last-minute find, such
as the large haul of ice-age finds, right at the place where
the western tunnels were to start at Royal Oak Portal, a
daily working relationship with colleagues in construction
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management has meant that solutions have been found.
This includes acceleration of the work with increased re-
sources and extended hours and carefully agreed work
stages to allow both construction and archaeology to con-
tinue concurrently.

Will there be any significant differences between the
engineering techniques used on Crossrail and Cross-
rail 2, if it happens?

Chris Dulake, Crossrail chief engineer: It is envisaged
that the design and construction techniques for implement-
ing Crossrail 2 main infrastructure will be very similar to
that deployed for Crossrail.

Crossrail 2 has a deeper alignment in parts through the
central area and will therefore present slightly different
challenges in terms of structural loading, and constructing
structures at depth. Potentially different predicted ridership
and passenger demands on Crossrail 2 may also determine
changes in station geometry and train lengths. However,
design and construction techniques are not expected to be
significantly different.

An engineer checks on a TBM's progress

Following on from experience gained on Crossrail and po-
tential technological advances in the next few years, it is
possible that some of the ground movement monitoring
techniques and approaches will be different for Crossrail 2,
taking more advantage of fibre-optical systems, satellite
GPS technology and automated systems using analytical
techniques on real-time ground movement data.

What was the biggest engineering challenge that you
have encountered since starting the project and what
steps have you taken to overcome this?

Bill Tucker, Crossrail central section delivery direc-
tor: The biggest engineering challenge on Crossrail, in my
opinion, is management of interfaces. The original design,
which carried the programme through the Crossrail Act,
was the product of three multi-discipline consultants
(MDCs). Framework design consultants (FDCs) were then
engaged back in 2009 to progress the design of the bored
tunnels, SCL tunnels, stations, portals and shafts to the
point that we could tender for construction contracts.

Now, we have our civil contractors performing temporary
works design and detailed design for mechanical, electrical
and architectural/fit-out of our stations, portals and shafts
using standard specifications developed by our FDCs. Other
FDCs also developed the conceptual design of our rail sys-
tems (track, traction power, HV power, signalling and
communications) that our rail systems design-build con-
tractors are now taking through detailed design.

In total, approximately 30 design consultant companies
have been engaged in some aspect of the Crossrail design

for either ourselves or our contractors. The Crossrail Tech-
nical Assurance Plan (TAP) outlines how we manage and
accept designs from both our FDCs and contractors. The
TAP specifies a gated acceptance process, which incorpo-
rates single-discipline and inter-discipline reviews and gains
the concurrence of our infrastructure maintainers, London
Underground and Rail for London.

Achieving the acceptance gates for our contractors’ detailed
design is important to maintaining our critical path pro-
gramme. Managing the contractors’ design in a manner that
considers the complexity of these interfaces is a top priority
of our project teams and chief engineer’s group every day.

What would the Crossrail team do differently in the
processes they adopted to manage the design and
other activities of their project that was done before
they started construction knowing what they do now
as they come to the end of their programme?

Patrick ten Have, Crossrail chief engineer’s group:
There are many opportunities to do things differently; the
question is always what would have made a difference?

Perhaps one area we would adopt for future programmes
like Crossrail would be to better understand the linkages,
constraints and interfaces between the design of the under-
ground structures and the actual construction methodology
and timing thereof. This would involve completing the de-
sign to a greater level of detail prior to the award of the
construction contracts so as to avoid change and the knock-
on effect on other disciplines. Another consideration would
be reducing the overall humber of interfaces between con-
tracts by grouping the asset base into larger packages of
work and aligning the designers in the same fashion.

Have you been working with HS2 or any of the other
rail infrastructure improvement projects going on,
and how? What advice would you have for these
teams?

Chris Sexton, Crossrail technical director: Crossrail has
regular liaison with HS2, Thames Tideway Tunnel and
Thameslink, and works very closely with Network Rail and
London Underground as delivery partners for Crossrail.

It is always a challenge to offer relevant advice to another
project which is invariably facing similar but slightly differ-
ent challenges. Apart from the number one priority of
safety, I would offer three areas of focus: design account-
ability; management of interfaces and integration; and
stakeholder engagement.

For design, ensure that accountabilities are clearly under-
stood, BIM is fully adopted by all designers from the start
and sufficient time is allowed for a mature design to be
issued for construction.
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On a large programme the packaging and sequence of de-
sign contracts contributes to the complexity of the chal-
lenge and due weight needs to be given to how the design
will be assured and how the works are intended to be
handed over. Accountability for integration and managing
interfaces also need to be clear — not just on paper but
actively managed and rigorously and regularly checked.

Time spent on engaging stakeholders is never wasted; re-
spect people who are affected by the works by minimising
the impacts of construction and being as good as you can
be in keeping promises and communicating what is happen-
ing in good time.

How well have the Crossrail tunnelling academies
helped fill your recruitment needs? What will all
those tunnellers do with their skills once the project
is over?

Valerie Todd, Crossrail talent and resources direc-
tor: From the outset we identified that there was a short-
age of talent in the labour market. We wanted to do some-
thing to re-energise the skills base within tunnelling and
underground construction particularly, but in rail engineer-
ing and infrastructure generally.

The Tunnelling and Underground Construction Academy
(TUCA) established by Crossrail in 2011 has been a huge
success. This has supported employers looking for workers
by providing pre-employment training, tunnel safety train-
ing, apprenticeships and advice and guidance to those
seeking work.

It was more cost-effective to leave the 2 TBMs Phyllis and
Ada buried in the ground

(Stephen Harris / theengineer, 27 October 2014,
http://www.theengineer.co.uk/your-questions-answered-
crossrail/1019411.article?cmpid=tenews 627713)

The first of Farringdon’s tunnels was completed in Novem-
ber 2013

Approximately 7,000 people have received some form of
training at TUCA, which has enhanced their employability
by equipping them with skills and experience valued by
employers.

New apprenticeships developed by Crossrail specifically for
the project include tunnel operations, gantry crane opera-
tions, locomotive operations and spray concrete lining;
while existing apprenticeships on offer include business
administration, procurement, document administration,
finance, HR, IT and accounting. Apprentices receive both
training in a college environment and hands-on application
in the workplace, and are employed by Crossrail itself, or
one of the programme’s numerous partners and contrac-
tors. Nearly 400 apprentices have worked on Crossrail to
date.

Following Crossrail there will be Thames Tideway, the
Northern line extension, HS2 and Crossrail 2, which will all
require tunnelling expertise, as will the next generation of
nuclear power stations.
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Choosing an Excavation Method
Drilling Dilemmas

S. Paul Singh and Derek Zoldy

The choice between TBM and drill and blast is an often-
faced dilemma as the two methods have been competing
for more than 30 years. S. Paul Singh, Mining Engineering
Department - Laurentian University, Sudbury, Ontario, and
Derek Zoldy, AECOM, Markham, Ontario, discuss the condi-
tions for the judicious selection of excavation method

Traditionally, tunnels have been excavated by drilling and
blasting method (DBM), but now with the advent of road
headers and TBMs, there has been a significant increase in
the rate of excavation and improved safety record. Often in
problematic reaches, drill and blast methods come to the
rescue and are handy (Ramamurthy, 2008). When unfa-
vourable or changed conditions are encountered without
warning, it has a far greater impact on the rate of advance,
construction costs and schedule delays in a TBM driven
tunnel than in a drill and blast tunnelling.

It appears that TBMs and DBM are expected to provide con-
structability options for contractors to be competitive. In
the tunneling industry, where market conditions continue to
demand higher advance rates and lower costs, TBMs offer
numerous benefits, including higher advance rates, con-
tinuous operation, less rock damage, uniform muck charac-
teristics, greater safety and potential for remote automated
operation.

On the other hand the DBM is very flexible and adaptable.
The definite answer to which tunneling method should be
chosen is always a tough question.

Proper choice of the tunneling method is crucial for the en-
gineers and contractors, as mistakes or misjudgments can
have serious consequences, both for the economic viability
and the overall success of the project.

Tunnelling engineers have to make judicious choices on a
case-by-case basis considering the site conditions and ex-
pected outcome. When both TBM and DBM are feasible, a
careful assessment of the risks must be made, particularly,
in terms of safety, economy and productivity.

Factors affecting the choice of tunnel method:

A. Tunnel design parameters
B. Rock mass characteristics
C. Performance factors

D. Contract related factors

TUNNEL PARAMETERS
Diameter

Although TBMs have excavated tunnels more than 15m
diameter, yet it is better to limit the size of the tunnel due
to the following reasons:

The success potential of a TBM in hard rock decreases
with increasing diameter (Kovari et al., 1993; Bruland,
1998).

There are technological limits for the maximum dimen-
sions of some major TBM component e.g. the bearing
and the head (Nord, 2006).

The intensities of both the instability phenomena and
the induced convergence also increase with increasing
diameter of excavation (Tseng et al; Barla G. and Barla
M., 1998).

A TBM drive requires a pre-determined (fixed) tunnel di-
ameter but it can excavate a circular profile with a high

degree of accuracy. However with the drill and blast sys-
tem, the tunnel cross-section can be driven to any required
size or shape and most importantly the tunnel size and
shape can be changed along the length of the drive.
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Since the mobilization cost, of TBM is high, it requires a
long tunnel to justify a large capital investment. Therefore
TBMs will be used where tunnels are to be long and of uni-
form cross-section and profile.

The conventional DBM is therefore most often used on
shorter tunnels.

In the case of long tunnels with favourable geology, rela-
tively high advance rates can be achieved with a TBM.
However as soon as the geology becomes complex and
there are zones of disturbance, drill and blast performance
can become significantly better as compared with a TBM.

A simple indicator on when a TBM solution might be suit-
able is to make a simple estimate as shown below. The
formula simply says;

Tunnel length (m) / Tunnel diameter (m) x (UCS in Pas-
cals)*3® > 1.5 (Nord, 2006)

That if the tunnel length divided by the tunnel diameter and
the unconfined compressive strength of the rock at power
of the third and the result is larger than 1.5 might be
worthwhile to check the TBM alternative. The trigger value
of 1.5 using the above formula is not as accurate as it
might seem and perhaps it would be better to say that
when the result is 3, the TBM option is definitely a viable
solution and when the value is less than 1, the TBM option
should be considered less favourable than the DBM. Please
note that this expression has no scientific back up. Poor
ground conditions are not foreseen here and nor is abrasive
rock considered (Nord, 2006).

Based on the research at the Swiss Federal institute of
Technology, TBM technology shows excellent cost efficiency
in the case of tunnels longer than approximately 3 km. The
exact length depends upon the rock mass characteristics,
tunnel parameters, labour cost and utilization factor.

Shape

DBM is very adaptable and flexible in regards to the exca-
vation of any tunnel cross-section (Grimscheid and Schen-
nayder, 2002). A circular profile can be excavated with a
high degree of accuracy by a TBM. However, with drill and
blast system the tunnel cross-section can be created to any
required shape or size and most importantly the
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tunnel shape awl size can be changed along the length of
the drive.

The suggestions for choice between tunnel boring machine
and drill and blast system have been presented in Table 1.

Table 1. — Preference of the tunneling method based

upon the tunnel parameters

PARAMETER RANGE METHOD REMARKS

recommended

Recommended
Length (km) DBM Preferred
DBM or TBM
Preferred
Preferred
Diameter (m) TBM Preferred
DBM Preferred

P <6 TBM or DBM
Inclination in

degrees >6<30 DBM Recommended
o DBM
radius
Curvature
>30M 1y or DM
radius

Circular TBM Preferred

Strongly

Non-circular DBM
recommended

Uniform  TBM or DBM

Cross-section
Strongly

Variable DBM
recommended

ROCK MASS CHARACTERISTICS
Strength

The TBM excavation with respect to advance rate is by far
much more depending on the strength characteristics of the
rock than drill and blast.

Geological features

Geological conditions to be encountered such as faults and
groundwater can have a major impact on machine perform-
ance, application, operation and the production rate. These
parameters must be accounted for when estimating the
machine utilisation, which is a key parameter in scheduling.

Analysis of field performance of different TBM projects is
the foundation for estimating the effect of these geological
features in the rock mass.
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The opinion is that drill and blast method offers a higher
flexibility and consequently better opportunities to cope up
with unforeseen conditions. According to Nord and Stille
(1988), variable rock conditions favour the choice of the
blasting method. Water conditions affect both methods but
the TBM is mote hampered than the drill and blast system if
pre-grouting has to be done. The variation in tunnelling
speed when excavating in favourable versus unfavourable
ground conditions is also less for the drill and blast than the
TBM method.

In the case of TBM, massive rock is unfavourable for fast
penetration, while for DBM, it is obviously favourable due to
the lack of tunnel support needs and can be drilled at rea-
sonable speed despite the lack of jointing.

Rock type

The overall composition of the rock mass holds a first order
control on TBM penetration. The more mafic (iron and mag-
nesium rich) the rock mass the lower the penetration.
Some rock types (such as fine grained or glassy dike rods,
amphibolites, pegmatite, intrusive, garnetiferous zones
quartz veins) have important bearing on IBM penetration
and these should be identified and categorised accurately.
Unique igneous and metamorphic textures can make or
break a contract (Merguerian. 2005).

Abrasiveness

The abrasiveness of a rock or soil is its potential to cause
wear on a tool. It is an important parameter to assess the
technical and economical aspects of a tunnelling method.

Rock mass rating

Nick Barton (2000) found that the TBM technique is most
competitive time-wise versus drill and blast when rock con-
ditions ate in the Q-range 0.1 to 10 on his rock quality
scale (Figure 2).

Figure 2. Comparison of advance rates for TBM and DBM
(After Barton, 2000)

It should be pointed out that this is a hypothetical state-
ment but it does points on to the difficulties the TBM exca-
vation faces when entering into a very poor ground. Many
cases have been recorded where TBM technique has to be
abandoned in favour of the drill and blast technique. But
also on the very end of the quality scale the TBM excava-
tion will be difficult due to monolithic character of the rock
yielding only few joints.

In low quality rock, the penetration rate can be potentially
very high but the support needs, rock jams and gripper
bearing failure result in «low advance rate, with utilisation
coefficient as low as five to 10 per cent or less (Barla and
Pelizza,2000).

Grandori (1995) correlated the advance rate of the TBM
with RMR value. It showed that RMR class III provided a
peak in production for a double shield TBMs, while they




would not be recommended for neither class V (very poor)
nor class I (very good rock masses).

The choice between TBM and DBM on the basis of geologi-
cal and hydrogeological considerations have been sug-
gested in Table 2.

Table 2. Preference of rhe tunnelling method

bosed upon geological ond hydrologicat
conditions

PARAMETER RANGE METHOD

Geology Variable DBM

: <300 TBM or DBM
Compressive

strength. MPa ~300 DBM

SHFEEN El Variable DBM
hardness

= TBM Pref
Rl el 30-80 referred

designation

<30 or <80 DBM Preferred

<0.1 DBM Preferred

TBM most

ol competitive

“Q" System
10-15 TBM preferred

100-1,000 DBM recommended
40-80 TBM Preferred
RMR system
<40 or >80 DBM Preferred
Sireiel el Severe DBM Preferred
problems

Source: Authors

PERFORMANCE FACTORS
Rate of advance

In the case of drill and blast system, equipment is available
in various sizes and is selected to fit the actual tunnel size.
In a larger tunnel, more drilling machines can operate in
parallel and larger units can be deployed for mucking and
hewing. Therefore, there is no direct relationship between
tunnel size and advance rate for drill and blast operations.

Barton analysed a large number of TBM driven tunnels
and has concluded that there is a major variation in the
rate of advance and penetration rate depending on the rock
quality. He suggested a tunnel stability relationship based
on Penetration Rates vs. Rock Quality Designation for TBMs
(Barton, 2000). Since the time that this was developed, we
have not seen any recent research to suggest that the TBM
technology has advanced in terms of penetration rates
based on Barton’s work.

Barton (2000) also made a comparison between advance
rates of TBMs and DBM as shown in Figure 2.

Although this relationship suggests a relationship based on
project-based information. That being said, TBM and DBM
equipment improvements over the past decade have in-
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creased the equipment efficiencies and as such the rela-
tionship between Rock Quality and advance rate for TBM
and DBM should be updated.

Boreability

When the TBM cannot penetrate the face to a sufficient rate
and or the wear of cutting tools exceeds an acceptable
limit, it is an indication that rock is not borable. The pene-
tration rate per revolution of the cutter head that can be
achieved under the maximum thrust is the main index de-
scribing the capacity of a TBM to excavate a given rock. A
limit of penetration per revolution below which a rock shall
be considered non-borable is influenced by the abrasivity of
the rock, the diameter of the tunnel and the geology of the
rock formation. The high abrasivity associated with low
penetration dictates frequent changes of cutters, increases
the cost of excavation per unit of rock, in addition to the
time lost in replacing the cutters.

The penetration rates below 2 to 2.5mm/rev of the cutter
head is a signal of boreability problems. An excavation
process starts to be efficient when the penetration rate
crosses 3 to 4mm/rev.

When the diameter of the tunnel increases, three different
effects make the situation worse [Barla and Pelizza
(2000)]:

The rotational speed of the cutter head should decrease
for an equal penetration per revolution, because the
bearings and seals of the disc cutters permit only a
maximum speed equivalent to 150 m/min.

The number of cutters to be changed per meter of tun-
nel advance increases, therefore increasing the stopping
time required for such operations.

The state of average wear of the cutters mounted on
the head increases, thus decreasing the penetration per
revolution.

Under extreme conditions, each one of the above three
factors excites the other one bringing the progress rate
down to unacceptable values. For these reasons, a rock
type may be borable for a TBM of small diameter, but not
for a TBM of large diameter.

If ROP is the average rate of penetration, then
ROP = boring length in meters/boring time in hours

Penetration per revolution. P, = (ROPx1000)/(RPMx60)
mm/rev.

RPM is cutter head revolutions per minute.
Field Penetration Index. FPI = F,/P, kN/cutter/mm/rev.
F, is the cutter head load or normal force in kN.

The choice between TBM and DBM on the basis of work
done by Barla and Pelizza (2000) and Hasanpour et al,
(2011) is given In Table 3.

Support requirements

Most tunnels will require support to ensure its long-term
stability. The type and magnitude of the support is deter-
mined by the rock mass characteristics, water conditions
and state of stress.

In general, less support is needed for a TBM than a drill and
blast operation. In cases where drill and blast requires little
support, the TBM in similar conditions may require no sup-
port. In cases where heavy support is needed for drill and




blast operations, the support measures and stabilisation
ahead of the face will not be less for TBM technology.

Table 3 Preferred tunnelling method based upon on
the boreality of rocks

PARAMETER RANGE METHOD

Field Penetration Index 7-70 TBM
(FPI)

(kN/cutter/mm/revolution) EESHKI PV DBM

: : <3 DBM

Penetration per revolution

(mm)

>3 TBM

Source: Authors

In fact, they may be even larger and certainly take much
mote time due to the difficulties with installations of sup-
ports right behind and ahead of the cutter head.

When heavy support is needed, TBM operations wll provide
lower advance rates than the DBM system (Barla and Pe-
lizza, 2000)

Equipment utilisation

The TBM operations experience downtime due to changes of
cutters, regripping, maintenance and downtime, etc. All this
down time adds up to 40 to 60 per cent of available operat-
ing time.

Skilled labour

One crew is required for a single TBM working face but a
TBM crew will be larger. Crew needs higher skill level, but
are easily trainable because operations are more consistent
and continuous.

The suggestions for the choice between TBM and DBM on
the basis of operating requirements are given in Table 4.

Table 4 Preferred tunnelling method based upon the
operating requirements

PARAMETER m METHOD

Equipment mobility DBM

Easy housekeeping TBM
Short lead time DBM

Crushed fines and
chips

Almost uniform

: TBM
muck size

Source: Authors

ENVIRONMENTAL AND SAFETY CONSTRAINTS
Overbreak

Overbreak is the excavation of the rock beyond the de-
signed profile. Overbreak increases the cost of mucking,
support and concrete lining. Overbreak is generally influ-
enced by the lithology, rock mass properties and quality of
blasting.
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Overbreak caused by geological instabilities is generally
larger when tunneling by drill and blast than TBM.
In some cases, however, it is more complicated during TBM
excavation to support ahead and right behind the tunnel
face and as a result of that support is installed al a very late
stage resulting in larger collapses. These collapses have
sometimes led to the complete burial of the TBM.

Out fall behind the gripper pads of the TBM is another form
of geological overbreak linked lo the TBM operation. The
overall experience is that TBM excavation will generate less
geological overbreak (Nord, 2006).

Vibrations

This is a major concern when tunnelling by DBM in an
urban environment. If the surroundings are highly sensitive
to vibrations, there may be constraints in the amount of
explosives that can be used per delay. This may limit the
progress of the DBM.

However the problem is alleviated with latest advances
in drill and blast technology. In case of TBMs there are
significantly less disturbances to the surroundings.

Safety and environmental risks

Tunnelling is not a risk free technology. Drilling and blasting
system is quite challenging when tunneling in populated
areas. Not only is the work closer lo people, structures and
utilities, but environmental concerns about blasting effects
on flora, fauna and water resources need to be considered.
In addition, government scrutiny of commercial explosives
activities due to terrorist incidents and continuing threats
have increased public fears regarding the applications of
explosives in urban environment.

On the other hand, premature surrender to TBMs some-
times becomes a costly decision. The sensitivity of TBMs to
changes in actual conditions increases the probability of
involved risks.

During excavation, the situation can become critical at any
minute, meter and under any circumstance. In some cases,
the failure of a TBM necessitates the last minute switch to
DBM. When blasting methods are introduced at the last
minute without having proper planning and controls in
place, the risks of blasting problems are increased. During
TBM excavation, the rock support in general is installed
from within the protected and shielded areas. Absence of
blasting fumes and related problems inside the tunnel pro-
vides improved working environment.

Suggestions for the choice between TBM and DBM on the
basis of environmental and safety requirements have been
given in Table 5.

Cost

A TBM tunnel project requires more demanding infrastruc-
ture in terms of roads, power supply, muck handling, work
areas for storage and robust transportation needs, there
are normally higher costs and longer times required for
TBM mobilization.

Transporting of the equipment to the site also needs addi-
tional time and cost. TBM tunnel projects require more elec-
tric power than DBM projects.

Tunnel quality

During TBM excavation, it may be easier to ensure accurate
alignment. The periphery of a TBM tunnel is smooth and
usually has less overbreak. As, such, it is possible to main-
tain excavation preciseness with TBMs.




Based upon cost and quality requirements, suggestions for
the choice between a TBM or a DBM tunnel are given in
Table 6.

Table 5 Preferred tunnelling method based upon
environmental and safety constraints

REQUIREMENT METHOD

Low vibrations TBM
Minimum overbreak TBM
Low accidental risks TBM

Low ventilation costs TBM

TBM (except in
very poor rocks)

Short lead times DBM

Tunnel stability

Semi-skilled

Skill of the work
force Highly skilled

TBM

Source: Authors

Table 6 Preferred tunnelling method based upon the
costs and tunnel quality requirements

PREFERRED

REQUIREMENT METHOD

Mobilisation for
DBM is much
faster than TBM
tunnels

Low capital cost

Low supporting
cost

Accurate align-
ment

Except in very
poor rocks

DBM can be accu-
rate with survey

QA/QC

Smooth tunnel

Generally less
overbreak with
TBM drive

Excavation pre-
ciseness

Source: Authors

CONCLUSIONS

TBM tunnel excavation represents a large investment in the
decision making process with inflexibility with regard to
changes in diameter and small radius curves and challeng-
ing vertical and horizontal alignments. As such, the use of
TBMs for near horizontal excavation alignments can be a
potential rapid excavation and rock support method for rock
tunnels.

On the other hand, DBM is very flexible and adaptable with
comparatively lower advance rates. That being said, there
is a need for careful planning for the optimum selection of
tunnelling alternatives, because a wrong choice can lead to
costly and time consuming consequences.
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In this study, the suggestions for the selection of a tunnel-
ling method base upon tunnel parameters, boreability, geo-
logical conditions, equipment operating requirements,
power needs, environmental and safety constraints, costs
and tunnel quality requirements have been made.

The suggestions made in this paper may help facilitate the
selection of the tunnelling method for a project or produce
further investigation into the selection criteria and viability
for each method during the design and contract bidding
stages.

Further research and review of project specific case studies
in North America should be investigated to determine the
validity of the penetration rates when rock quality has been
a factor in the tunnel equipment selection decision making
process.
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SIMSG ISSMGE

International Society for Soil Mechanics and
Geotechnical Engineering

TC308 - Energy Geotechnics

This is a brief note to remind you of the creation of a new
TC on Energy Geotechnics (TC308), and if you have inter-
ested individuals, I would ask you to enter your society’s
nomination directly into the ISSMGE TC database on the
website, if you have not done so already.

(For a full list of the ISSMGE TCs, please see
http://www.issmge.org/en/committees/technical-
committees)

3 O

EAAHNIKH ENITPOMH ZHPAITQN kai
YNOreIQN EPreN (E.E.Z.Y.E.)

AEATIO TYNOY
Hpep.: 30.10.2014

H EAANviIkn EmiTponn Znpayywv & Ynoyeiwv 'Epywv (EEZYE)
OTO MAQICIO TWV ENICTNHOVIKWV dpAcTnPIOTATWV TNG ENIXEI-
pei TNV npoBoAn kai Tnv avadeign Tou EunaAiveiou opuyua-
TOG OTn Zapo wg dIEBVEC "Znpayyoioyikd Tonodonuo”. =Tnv
npoonabsia auTn €xel TEBEI Kal WG OTOXOG N avayvwpion Tou
povadikoU auTou pvnueiou kar and Tnv Aiedvry Emirponn
Znpayywv kal Ynoyeiwv Epywv (ITA-AITES). H npwToBou-
ANa autn &ekivnoe katoniv unoBoAng oto A.Z. Tng EEZYE
OXETIKNG NpoTaong Tou Kab. ©. Taaoiou.

To EunaAiveio 'Opuypa, XapakTnpioPEVO Kal wG Mvnueio
MNaykdopiag KAnpovopiag and tnv UNESCO, anoTeAei To
Meoaio TuAMA Tou udpaywyeiou TNG apxaiag noAng Tng =da-
Mou. KaTtaokeudobnke ota péoa Tou 6% aiwva n.X. kal ouy-
KATaA&yeTal oTa onpavTikoTepa Texvika ‘Epya Tng apxaloTn-
Tag. Mepiypdgeral pe BAUPACHO WG TO «AHUPICTOMOV OpuUY-
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Ma» Aoyw Twv dUo oTopiwv Tou and Tov HpddoTo, OTOV O-
noio o@eiAeTal kal n avalntnon Tou opUyHaTog KATa TOUuG
VvEOTEPOUG XPOVOUG KAl O €VTOMIONOG Tou To 19° aiwva. H
onpayya eivar  €pyo Tou MnxavikoU EunaAivou, uloU Tou
NauoTpd@ou anod Ta Méyapa kal anoTeAEl TO KEVTPIKO THMA-
Ma Tou udpaywyeiou. 'Exel pnkog 1036m Kal €0WTEPIKEG
diaoTdoeig 1,80x1,80m, evw To €va ToiXwHA TNG dIATPEXETAI
ano Tagpo nAdartoug 0,60m kal Kupaivouevou Badoug anod
4.0 €wg 8.90m, evtog Tng onoia €EaopaiifdTav n PUOIKN
porf Tou VEPOU €VTOC MAAIVWV CWAAVWY and Tnv nnyn Twv
Ay1adwv. To eKNANKTIKO OTNV KATAOKEUN TNG onpayyag eivai
OTI N d31avoIEA TNG, evTOG KUPiwG aoBeaToAIBwy, £yive TauTod-
Xpova kal and Ta duo oTouia, Ye dUo ouvepyeia ABoEdwvV -
nou doUAeuav pe oQupi Kal KaAéul - evw Ta dUo PETwNA
ouvavtnénkav pe eAdyiotn anokAion anod Tnv €ubeia. Yno-
AoyileTal 0TI xpeiaoTnkav nepi Ta 8 - 10 Xpovia yia va oAo-
KANpwOei To £€pyo, 0TO onoio Xpnaidonoinénkav PHaénuaTikoi
UnoAoyIguoi Nou epapuoagdnkav aTnv nNpa&n We anid opya-
va pETpnong (oTadieg enavw and TNV KOPUQPOYPAUMN Kal
0pIZOVTIEG OPIOBETAOEIC OTNV NEPIPEPEIQ TOU AOPOU).

: e

¥

310 nAaioio Aoindv Tng npoonabesiag avadeigng Tou Eunali-
veiou OpUypartog, npayparonoindnke To dinuepo 25 - 26
ZenteuBpiou 2014, npo TNG Evap&ng TWV €pyaci®Vv TOU OUV-
edpiou EETC 2014 - 2" Eastern European Tunnelling
Conference nou JIgEnxON oTnv ABriva, €mITONoOU €nioKEWN
oTo EunaAiveio 'Opuypa oto MNMubayopeio TnG Zayo.

Baagikdg okonog TNG €NiCKEWNG ATAv n napouaciacn Tng on-
payyag Tou EunaAivou kai Twv ev eEeAiEel epyacinv ouvTh-
pnong kar avadei&ng, ota PEAN Tou EKTeEAEOTIKOU SUUBOUAI-
ou (E.Z.) Tng AigBvoug EniTponng Znpdyywv kai Ynoyeiwv
‘Epywv (ITA-AITES). ZTnv €niokewn ouppeTeixav ol Tarcisio
B. Celestino (BpagiAia) a’ Avtinpoedpog ITA, Daniele Peila
(ITaAia) B’ AvTinpdedpog ITA kar Ta péEAN Tng ITA KaldiAng
Nikog (EAAAG), Alexandre Gomes (XiAf), Ruth Haug (Nop-
Bnyia), Anna Sieminska - Lewandowska (MoAwvia) kaBwg
Kal o EkTeAeoTikog AleuBuvTnig Tng ITA Olivier Vion.

Ta péAn Tou E.Z. Tng ITA- ouvodeUTnkav and Tov kab. O.
Taolo, and Ta péAn Tou A.3. Tng EEZYE 2. PantonouAo
(Mpo6edpo) kai . ®ikipn (Tapia), and Tov ekNpOCWNO TNG
EOAE ((pop€a avabeong Twv PEAETWV TOU €PYOU, OE OUVEP-
vacia pe 1o YM.NO, yia Tnv npooTacia kal avadeiEn Tou
Mvnueiou) k. . AyyioTtaAn, and Tov MewTexvikd MeAeTnTh
Tou épyou K. . NTouvia (EAA®OZ A.E.) kal ano Toug &k-
NPooWNOUG TNG avadoxou €TAIPEIAG TWV EPYACI®V CUVTHPN-
ong K.k. K. WaAAida kar A. Taunakonouho (EAPATEK Evep-
yeiakn ABETE).

H eniokewn Tng 25-9-2014 nepiAauBave Eevaynon oto Ap-
XaloAoyikd Mougegio Zapou ano Tn AvanAnpwTtpia MpoioTa-
Mévn Tng KA' E@opeiag MpoioTopikwv kal KAagikwv Apxaio-
TATWV ka M. BiyAdkn-Zo@iavou, napouaciacn TnG €IKOVOKI-




vATIKAG Taiviag! Tng Etaipsiagc MeAétng Apxaiag EAANVIKAG
Texvoloyiag (EMAET) Twv ©. M. Taoiou, N. Mnka kai I. Mo-
AUCou, nou xpnuatodoTnBnke anod Tov ZUvOeopo TeXVIKWV
ETaipiov AvoTépwv Tagewv (ZTEAT) Kal v OUVEXEIQ OMIAIEG
yia To EunaAiveio 'Opuypa and eknpoownoug Twv Ynnpe-
OlwV, TWV MeEAETNTOV Kal TV KATAOKEUAOTWV.

Tnv MNapaokeuny 26-9-2014 €yive eniokewn oTo Eunaliveio
OpuUYHa OMnou npaypatonoindnke kal SIEAEUCN KATA MRAKOG O-
AOU TOU UMnoyEioU TUAKNATOG.

O1 evTunwoeig Twv gknpoownwv Tng ITA-AITES ATav, 6nwg
aMwoTe avapevoTav, apiotec. To A.3. Tng EESYE npoesTol-
Hadel npog unoBoAn otnv ITA gakeAo npdTAong kKabiEpwang
Tou EunaAiveiou OpUypaTtog w¢ JIEBVEG "ZnpayyoAoyiko
TONdONHO"”, eV OAEG 01 OIABECIPEG ENIGTNHOVIKEG MANPOPO-
PIEC OUYKEVTPWVOVTAl AQUTA Tn OTIYMN O €181k  10TO0EAIda
Mou avapeveral va dnuoaionoinBei evrog Twv eNOPEVWV N-
HEPDV.

To A.Z. Tng EEZYE euxaploTei yia Tnv unooTtnpién:

Tnv (npwnv) KA' E@opeia MpoioTopikwv kal KAQoIK®V
ApxaloTATwv Tou Yn. MO

Tnv EFNATIA OAO A.E.

Toug MeAeTnTéC nou eknpoownndnkav and Tov K. T.
NTouvia (EAA®OZ A.E.)

! 50v8e0u0G Yia TNV EIKOVOKIVATIKN Taivia:
http://www.youtube.com/watch?v=AJTwxCaOODM
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To MveupaTikd 'Idpupa Zapou “NikoAaog AnunTpiou»
Tnv EAPATEK Evepyeiakr) ABETE

MNa 1o A.2. Tng EAAnvIknAg EmiTponng =npdyywv & Ynoyeiwnv
‘Epywv

ZTaupoc PantonouAog (Mpoedpog)

ridvvng ®ikipng (Tauiag)




AIEONEIz
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ZYNAEZMOZ EAAHNIKQN ETAIPEIQN - TPA®EIQN
MEAETQN

ag eVNUEPWVOUWE OTI Eekivnoe o 60¢ diaywviouog EFCA
Young Professionals. O dlaywviopog anguBUveTal o€ VEOUG
enayyeApariec €w¢ 35 eTwv nou epydalovtal Ot ETAIpE-
eg/ypapeia péAn Tou ZEMM kal oToxeuel oTnv avadeign Tou
TAAEVTOU TWV VEWV NYETOV TNG Eupwnng oTo HEAETNTIKO
kAGdo.

H diadikaoia oUPPETOXAG ival n akoAoubn:

- O1 véol enayyeAUaTtieG OUPNANPWVOUV TNV aiTnor Toug
oUpPwva ME TOUG Kavoveg Tou dlaywviopou, €3
(http://segm.gr/wp-content/uploads/2014/10/YP-
Competition-Application-form-2015.doc) 6a BpeiTe TN OXETI-
KN @opua

- 3TN OUVEXEld anooTeAAOUV TNV aitnon Toug oTov XEMM
oTnv nAekTpovikn dielBuvon segm@segm.gr

H kaTaAuTikr nuepopnviag unoBoAng TwV aITACEWY €ival n
31n MapTiou 2015.

efg_a
.

European Federation of
Engineering Consultancy Associations

Announcement of the EFCA Young Professionals
Competition 2015

Dear Directors and Secretaries-General,

We are delighted to launch herewith the sixth edition of the
EFCA Young Professionals competition. This event, which is
open to all professionals aged 35 and under and working for
firms in the membership of your national association, aims
at highlighting the talent of Europe’s next generation of
leaders in our sector, and at demonstrating the diversity
and attractiveness of a career in our sector.

The competition also presents the opportunity for you, the
Member Associations, to reach the YP population in your
membership, and promote the added value of your national
association and the EFCA network to both YPs and their
managers.

The competition is enriched by the quality and quantity of
entrants, and for 2015, we aim to make this event even
more popular. We would like to see at least one entry
from each of the national member associations, and we
count on your support to reach this target.

Prize

The winner will be invited to Oslo on 28 - 30 May 2015 to
participate in the EFCA GAM, conference and YP meeting at
EFCA’s cost, including travel and accommodation expenses.

The second and third prize winners will be awarded a sup-
port of €500, to be used for participation in the event.

The jury will also select a number of candidates to receive
an honourable mention.

The award ceremony will take place during the EFCA Con-
ference, at which certificates will be presented to the win-
ners and honourable mentions. The winner will be invited to
make a brief presentation of his or her project.
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

Ma TiIg NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€C MMopouv va avalnTnbouv oTa nponyoUpeva TeUXn Tou
«nepI0dIKOU» KAl OTIG NApaTIBENEVEC I0TOTEAIDEG.

AusRock 2014 - 3rd Australasian Ground Control in Mining
Conference - an ISRM Specialized Conference, 5 - 6 No-
vember 2014, Sydney, Australia
www.groundcontrol2014.ausimm.com.au

3rd ISRM International Young Scholars' Symposium on
Rock mechanics - an ISRM Specialized Conference, 8 - 10
November 2014, Xi‘an, China
http://www.isrm.net/fotos/editor2/NI26/sysrock2014 copy.
pdf

JTC-1's First International Landslide Workshop on Physical
Processes and Mechanisms of Precipitation-Induced Land-
slides, November 2014, Seoul, Korea, http://2014jtc-
1workshop.org

7th International Congress on Environmental Geotechnics,
10-14 November 2014, Melbourne, Australia,
www.7iceg2014.com

Waterproof Membranes 2014, 17 - 19 November 2014,
Bonn, Germany,
http://www.amiplastics.com/events/event?Code=C628+#44
23

GEOMATE 2014 Fourth International Conference on Geo-
technique, Construction Materials + Environment, 19 - 21
Nov. 2014, Brisbane, Australia, www.geomate.org

International Symposium “Geohazards” Science, Engineer-
ing & Management, 20-21 November 2014, Kathmandu,
Nepal, www.ngeotechs.org/ngs/index.php/geohazards-2014

6° MaveAAnvio Zuvedplo «Alaxeipion kal BeAtiwon MapakTi-
WV Zovov», 24-27 NoguBpiou 2014, ABnva, Idpupa Euye-
vidou, lhw@central.ntua.gr

7th International Conference on Scour and Erosion (ICSE-
7), 2™ - 4" December 2014, Perth, Western Australia,
http://www.2014icse.com

Underground Infrastructure & Deep Foundations UAE, 7-10
December 2014, Dubai, United Arab Emirates,
enquiry@igpc.ae, ujwal.nayak@igpc.com, www.igpc.com

2nd Arabian Tunnelling Conference and Exhibition Abu
Dhabi, United Arab Emirates, 9-10 December 2014,
www.atc2014.ae

Third Australasian Ground Control in Mining Conference
2014, Sydney, Australia,
Www.mining.unsw.edu.au/node/608

Proceedings of the Institution of Civil Engineers, Geotechni-
cal Engineering, THEMED ISSUE 2015, Construction proc-
esses and installation effects, Editors: Benoit Jones, Univer-
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sity of Warwick, UK and Stuart Haigh, University of Cam-
bridge, UK, sarah.walker@ice.org.uk

IGS Chennai 2015 6™ International Geotechnical Sympo-
sium on Disaster Mitigation in Special Geoenvironmental
Conditions, January 21-23, 2015, IIT Mandras, Chennai,
India, http://igschennai.in/6igschennai2015

Spritzbeton - Tagung 2015 / Shotcrete Conference and Ex-
hibition, January 29-30, 2015, Congress Centre Alpbach,
Austria, http://www.spritzbeton-tagung.com

Geosynthetics 2015, February 15 - 18, 2015, Portland,
Oregon, USA, http://geosyntheticsconference.com

12th Australia New Zealand Conference on Geomechanics
(ANZ 2015), 22-25 February 2015, Wellington, New Zea-
land, http://www.anz2015.com

GeoProc2015: International Conference on Coupled THMC
Processes in Geosystems, 25-27 February 2015, Salt Lake
City, USA, https://secureweb.inl.gov/geoproc2015

International Conference & Exhibition on Tunnelling & Un-
derground Space 2015 (ICETUS 2015) Sustainable Trans-
portation in Underground Space Development, 3 — 5 March
2015, Kuala Lumpur, Malaysia,
http://icetus2015.iemtc.com

AFRICA 2015 - Water Storage and Hydropower Develop-
ment for Africa, 10 to 12 March 2015, Marrakesh, Morocco
http://www.hydropower-dams.com/AFRICA-

2015.php?c id=89

Third United Nations World Conference on Disaster Risk
Reduction, 14 -18 March 2015, Sendai City Miyagi Prefec-
ture Japan, http://www.wcdrr.org

16th African Regional Conference on Soil Mechanics and
Geotechnical Engineering, April 27 to 30, 2015 in Hamma-
met, Tunisia, http://www.cramsg2015.org

ISP7-PRESSIO2015 1 to 2 May 2015, Hammamet, Tunisia,
http://www.cramsg2015.org/isp7-pressio2015

13™ ISRM International Congress on Rock Mechanics Inno-
vations in Applied and Theoretical Rock Mechanics
10-13 May 2015, Montreal, Canada, www.isrm2015.com

Shale and Rock Mechanics as Applied to Slopes, Tunnels,
Mines and Hydrocarbon Extraction, Special One day Sym-
posium, May 12, 2015, Montreal, Quebec, Canada,
www.isrm2015.com/Page/PageContent/ShaleSymposium

World Tunnel Congress 2015 and 41 ITA General Assem-
bly: Promoting Tunnelling in South East European (SEE)
Region, 22 - 28 May 2015, Dubrovnik, Croatia,
http://wtcl15.com

(C- 4R -0)

,@. = SECOND INTERNATIONAL COURSE
ONGEOTECHNICAL anp
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4-5-6 June 2015 | Poppi, Tuscany (ltaly)

www.geotechnicalmonitoring.com/en/home-2
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"Following the great success of the first edition of this
course in 2014, sold out two months before the beginning
of the course, with 100 participants from 27 countries and
24 partners, we are now pleased to announce the second
edition of the "“International Course on Geotechnical and
Structural Monitoring” that will be held from 4th to 6th June
2015, again in the beautiful Tuscany. Based on our evalua-
tions of the first edition, the course will include some new
topics and new speakers, and more time for networking.
The last day will be a workshop with lecturers given by
leading experts from industry and academia, including John
Burland, Michele Jamiolkowski and EImo DiBiagio, and with
interactive sessions. The workshop is intended to reinforce
the vital contribution of monitoring to the success of engi-
neering projects.”

(John Dunnicliff & Paolo Mazzanti)

Geological processes and exploitation of our planet’s re-
sources continuously lead to potentially dangerous interac-
tions with our lives. Monitoring the behaviour of the ground
and of structures and infrastructure is essential for safety
reasons, quality control, optimization of construction and
reduction of costs and time in engineering prac-
tice. Geotechnical and structural monitoring is crucial
for a sustainable development.

The course will focus on the words of wisdom by Dr. Ralph
B. Peck “We need to carry out a vast amount of observa-
tional work, but what we do should be done for a purpose
and done well.”

Attendance at the course will be a great opportunity to es-
tablish a valuable network with colleagues from all over
the world, to meet manufacturers and see displays of
the most recent and innovative instrumentation.

The course will focus on the following main topics:

Basic concepts of monitoring and planning
Contact Monitoring methods

Remote Monitoring methods

Vibration Monitoring

Offshore Monitoring

Management, analysis and interpretation of data

A final workshop will be held the last day of the course
with:

Interactive sessions
Case-histories, given by international leading experts
Open forum

The course is intended for project managers and other deci-
sion-makers who are concerned with management of
RISK during construction, geotechnical and structural engi-
neers, end users, consultants, service providers, manufac-
turers and researchers working in following sectors:

Large infrastructures

Transportation

Mining

Oil and gas

Land and water management

Sensor and equipment manufacturers

For additional information contact:

secretariat@geotechnicalmonitoring.com
partnership@geotechnicalmonitoring.com
or visit our website at:
www.geotechnicalmonitoring.com
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83rd ICOLD Annual Meeting & Congress Hydropower’ 15,
June 2015, Stavanger, Norway, www.icoldnorway2015.0org

ISFOG 2015 3™ International Symposium on Frontiers in
Offshore Geotechnics, Oslo, Norway, 10-12 June 2015,
www.isfog2015.no

DMT 15 The 3™ International Conference on the Flat Dila-
tometer, Rome 15-17 June 2015, www.dmt15.com

ICGE 2015 International Conference in Geotechnical Engi-
neering - Colombo-2015, 10 - 11 August 2015, Colombo,
Colombo, Sri Lanka, http://www.slgs.lk/?p=564

China Shale Gas 2015 - an ISRM Specialized Conference, 6-
8 September 2015, Wuhan, China,
http://english.whrsm.cas.cn/ic/ic/201405/t20140509 1206
92.html

16™ European Conference on Soil Mechanics and Geotechni-
cal Engineering “Geotechnical Engineering for Infrastructure
and Development”, 13 - 17 September 2015, Edinburgh,
UK, www.xvi-ecsmge-2015.org.uk

Workshop on Volcanic Rocks & Soils, 24 - 25 September
2015, Isle of Ischia, Italy, www.associazionegeotecnica.it

EUROCK 15 ISRM European Regional Symposium & 64th
Geomechanics Colloquy, 7 - 9 October 2015, Salzburg,
Austria, www.eurock2015.com

Environmental Connection Conference, February 15-18,
2015, Portland, Oregon, USA,
www.ieca.org/conference/annual/ec.asp

European Conference in Geo-Environment and Construc-
tion, 26-28 November 2015, Tirana, Albania, Prof. Dr. Lul-
jeta Bozo, lulibozo@gmail.com; luljeta bozo@univer-
sitetipolis.edu.al

International Conference on Engineering Geology in New
Millennium, 26-31 October 2015, New Delhi, India,
http://isegindia.org/pdfs/1st%?20circular-international-

IAEG.pdf

6th International Conference on Earthquake Geotechnical
Engineering, 2-4 November 2015, Christchurch, New Zea-
land, www.6icege.com

SEOQOUL 2015 - 25th World Road Congress Roads and Mobil-
ity — Creating New Value from Transport, 2-6 November,
2015, Seoul, Republic of Korea,
http://www.aipcrseoul2015.0rg

The 15th Asian Regional Conference on Soil Mechanics and
Geotechnical Engineering, 9-13 November 2015, Fukuoka,
Japan, http://www.15arc.org

15th Pan-American Conference on Soil Mechanics and Geo-
technical Engineering, 15 - 18 November 2015, Buenos
Aires, Argentina, http://conferencesba2015.com.ar

VIII South American Congress on Rocks Mechanics, 15 - 18
November 2015, Buenos Aires, Argentina,
http://conferencesba2015.com.ar

Sixth International Conference on Deformation Characteris-
tics of Geomaterials IS Buenos Aires 2015, November 15th
to 18th 2015, www.saig.org.ar/ISDCG2015

2015 6™ International Conference Recent Advances in Geo-
technical Engineering and Soil Dynamics, December 7-11,
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2015, New Delhi (NCR), India, wason2009@gmail.com;
wasonfeq@iitr.ernet.in, sharmamukat@gmail.com;
mukutfeq@iitr.ernet.in, gvramanaiitdelhi@gmail.com,
ajaycbri@gmail.com

O3 D

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

The Southern African Rock Engineering Symposium, organ-
ized by the International society for rock mechanics will
take place on 5th January 2016 in Cape Town, South Africa.
The conference will cover areas like Interdisciplinary Course
Encompasses the Fields of Rock Mechanics, Structural Ge-
ology, Earthquake Seismology and Petroleum Engineering
to Address a Wide Range of Geomechanical Problems That
Arise During the Exploitation of Oil and Gas Reservoirs.

Contact Person: William Joughin
SRK Consulting SA. PTY LDA
Tel. +27-11-441-1214
wjoughin@srk.co.za

O3 D

(eoflmericas 3 201C

3" PAN-AMERICAN CONFERENCE ON GEOSYNTHETICS
11-14 APRIL 2016 - MIAMI BEACH - USA

www.geoamericas2016.or

GeoAmericas 2016, the 3rd Pan-American Conference on
Geosynthetics, will be held at the Lowes Hotel on South
Beach in Miami, Florida. The 3rd Pan-American conference
will continue the GeoAmericas tradition of excellence, pro-
viding a forum for engineers, practitioners and academe
from the Americas to explore current and future potential
applications for geosynthetics. It also offers an active mar-
ketplace for the promotion of geosynthetic products and
technologies to users throughout the Americas.

GeoAmericas 2016 is developing a program to advance the
knowledge and understanding of geosynthetics at every
level, from novice to expert. All will be provided with an
opportunity to gain and share knowledge. Considering the
diverse range of interests and applications, the conference
has chosen not to isolate a theme; rather, the event will
facilitate learning and dialogue on the key issues faced by
geosynthetic communities throughout the Pan-American
region. We welcome transportation, mining, infrastructure,
waste, water, and other relevant discussions with a focus
on improving the quality and durability of our works
through the application of geosynthetics.

To address the critical issues facing our industry from all
perspectives, GeoAmericas 2016 will continue the tradition
of making its calls in a somewhat unique format. This first
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call is made for proposals for technical sessions, short
courses & training lectures. A call for Abstracts and Student
Papers will be issued in early January 2015.

Contact us at:

GeoAmericas 2016

1934 Commerce Lane #4
Jupiter, FL 33458, USA

Phone: +1.561.768.9487
Email: epeggs@minervatri.com
Website: GeoAmericas2016.org

3 O

The World Tunnel Congress
Including NAT2014

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

Contact

John Hayden

Deputy Executive Director

Public Affairs and Government Relations
12999 E. Adam Aircraft Cir

Englewood, CO 80112

Tel. (303) 948-4250

Email hayden@smenet.org

Website www.smenet.org

O3 D

ISRM

Southern African Rock Engineering Symposium
- an ISRM Regional Symposium
May 2016, Cape Town, South Africa

Contact Person: William Joughin
Telephone: +27-11-441-1214
E-mail: wjoughin@srk.co.za
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84th ICOLD Annual Meeting, 16-20 May 2016, Johannes-
burg, South Africa,
www.sancold.org.za/index.php/activities/icold-annual-
meeting-2016

7th In-Situ Rock Stress Symposium 2016 - An ISRM Spe-
cialised Conference, 10-12 May 2016, Tampere, Finland,
www.rs2016.0org

(C- 4R -0)

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

Contact
Telephone: 0086 27 87198913

Fax: 0086 27 87198413
E-mail: xtfeng@whrsm.ac.cn

O3 D

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

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

(C- 4R -0)

3 ICTG

International Conference
: on Transportation Geotechnics

4 - 7 September 2016, Guimaraes, Portugal
www.spgeotecnia.pt/cpgt

The Transportation Geotechnics International Conference
series began under the auspices of ISSMGE-TC 3 and was
initiated in 2008 at the University of Nottingham, UK, as an
International event designed to address the growing re-
quirements of infrastructure for societies. The 2" Interna-
tional Conference on Transportation Geotechnics took place
in 2012, at Sapporo, Japan, under the ISSMGE-TC202 that
follows the TC-3 activities for the period 2009-2013. To
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continue the successful of these conferences and the output
of ISSMGE-TC-202, the 3™ was scheduled for 2016, at
Guimaraes, Portugal. Following the previous one, the chal-
lenges addressed by this conference will include a better
understanding of the interactions of geotechnics on roads,
rails, airports, harbours and other ground transportation
infrastructure with the goal of providing safe, economic,
environmental, reliable and sustainable infrastructures. The
3™ ICTG will be composed of workshops and several types
of sessions, as well as a technical exhibition, to better dis-
seminations of findings and best practices. A special atten-
tion will be paid to the publication of all the peer review
papers, some of them in specialised international journals.
On behalf of the organizing committee I am honoured to
invite you to the 3™ ICTG in the City of Guimardes, UNESCO
World Heritage (September 4-7, 2016).

Contact person: Prof. A. Gomes Correia (Chair)
Address: University of Minho, School of Engineering
Campus de Azurém

4800-058, Guimaraes, Portugal

Phone: +351253510200, +351253510218

Fax: +351253510217

E-mail: 3ictrgeo2016@civil.uminho.pt, agc@civil.uminho.pt

3 O

E uro

EuroGeo 6 — European Regional Conference
on Geosynthetics
25 - 29 Sep 2016, Istanbul, Turkey
www.eurogeob6.org

eguler@boun.edu.tr

(C- 4R -0)

ARMS 9
9th Asian Rock Mechanics Symposium
ISRM Regional Symposium
October 2016, Bali, Indonesia

rkw@mining.itb.ac.id

Contact Person: Dr Ridho Wattimena
Indonesian Rock Mechanics Society (IRMS)
Telephone: +22 250 2239

(C- 4R -0)
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GeoAsia 6

6™ Asian Regional Conference on Geosynthetics, 8-11 No-
vember 2016, New Delhi, India, uday@cbip.org

3 O

GeoAfrica 2017

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

(C- 4R -0)

11" International Conference on Geosynthetics
(11ICG)
16 - 20 Sep 2018, Seoul South Korea
csyoo@skku.edu
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3-D printing of rocks and fossils

Summary

Geologists are using 3-D printing to study the pores within
limestone reservoir rocks. A better understanding of the
pore networks within the rocks could help industry get at
more oil.

Iowa State University's Franek Hasiuk uses his GeoFablLab

to print 3-D models for his geoscience research and teach-

ing. Here, he shows a 3-D printed reservoir rock (left) and
an idealized model of rock porosity.

Franek Hasiuk grabbed a little red ball and said it's not
every day you pick up Mars.

But there it was, a Mars model about the size of a golf ball
and just detailed enough to show Olympus Mons, a Martian
volcano nearly 14 miles high and three times the height of
Mt. Everest.

"You get a sense of how high it sticks up from the rest of
the planet," said Hasiuk, an Iowa State University assistant
professor of geological and atmospheric sciences and David
Morehouse Faculty Fellow. "It's just spectacular."

That little globe is just one product of Hasiuk's Geological
Fabrication Laboratory (or GeoFablLab), a narrow corner
room in the basement of Iowa State's Science Hall. The lab
specializes in 3-D scanning and printing -- as it says on the
lab website, it's all about "making things geological!"

Hasiuk, who came to Iowa State two years ago from the oil
and gas industry, said a research and teaching goal has
been to find "projects that students could work on that
would make them interesting to industry -- and employ-
able."

When he worked in industry, Hasiuk used 2-D CT scans to
study the pores within limestone reservoir rocks. It's a ma-
jor industry challenge to understand fluid flow through the
pore networks of rocks so oil can be extracted from the
smallest pores.

When Hasiuk arrived on campus, he found researcher Jo-
seph Gray and the CT tools at the Center for Nondestructive
Evaluation. That led to 3-D scans and then 3-D prints of
rock porosity.

"We're taking really small holes in rock and then printing
them at magnification," Hasiuk said. "We're not getting
perfect photocopying yet, but we're getting there."

With better scans, data management and 3-D prints, "We
can make models of pore networks and see how fluids flow
through them," he said. "Eventually, we'll get to the point
of making predictions and increasing the accuracy of pre-
dictions. What geology does for the economy is reduce un-
certainty when you need to get something from under-
ground -- like oil and gas."

Hasiuk said the oil and gas industry is showing significant
interest in the research project.

Communicating geology While printing the reservoir rocks,
Hasiuk discovered something about the tools he was using:

"3-D printing is a great communication tool," he said. "You
don't have to teach someone a shape. You can understand
by touching."

And so he's also using the GeoFablLab's scanner and two 3-
D printers (purchased with his faculty startup package and
student computer fees) to print materials for geology
classes.

As he wrote in a paper ("Making Things Geological: 3-D
Printing in the Geosciences") published this summer by the
Geological Society of America, "Geoscientists are some of
the most prolific producers of three-dimensional (3-D) data.
These data do not belong in our computers -- they belong
in our hands."

"Importantly," he wrote, "3-D printing produces tangible
objects that are obviously intuitive to students, non-
geoscientists, and decision makers."

In his own classes, Hasiuk has printed plastic fossils, crys-
tals, dinosaur bones and even the topography of Ames
south of campus, including Jack Trice Stadium. To spread
the word about 3-D printing for classrooms, he's made the
data for about 100 of his 3-D models available on the
Internet. And he's collaborated with the Science Education
Resource Center at Carleton College in Northfield, Minn.

Hasiuk notes that it makes a lot of sense to replace fragile,
$10 to $50 classroom specimens with 25-cent pieces of
printed plastic. But that's not the first point he makes about
the advantages of printing 3-D models for the classroom.

"These sort of things get people engaged," said Hasiuk,
pointing to a T. rex skull with a moving jawbone that he
printed in Iowa State cardinal and gold. "These are chomp-
able, flexible fossils. Using this technology, the GeoFabLab
can bring dead things to life."

Journal Reference
Franciszek Hasiuk. Making things geological: 3-D print-

ing in the geosciences. GSA Today, 2014; 28 DOI:
10.1130/GSATG211GW.1

(Science Daily, September 15, 2014, Source: Iowa State
University,
http://www.sciencedaily.com/releases/2014/09/140915202
814.htm)
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New explanation for origin of plate tectonics:
What set Earth's plates in motion?

Summary

Geologists have a new explanation for the origin of plate
tectonics. Researchers suggest it was triggered by the
spreading of early continents then it eventually became a
self-sustaining process.

Eary oottt

The image shows a snapshot from the film after 45 million
years of spreading. The pink is the region where the mantle
underneath the early continent has melted, facilitating its
spreading, and the initiation of the plate tectonic process.

The mystery of what kick-started the motion of our earth's
massive tectonic plates across its surface has been ex-
plained by researchers at the University of Sydney.

"Earth is the only planet in our solar system where the
process of plate tectonics occurs," said Professor Patrice
Rey, from the University of Sydney's School of Geosciences.

"The geological record suggests that until three billion years
ago the Earth's crust was immobile so what sparked this
unique phenomenon has fascinated geoscientists for dec-
ades. We suggest it was triggered by the spreading of early
continents then eventually became a self-sustaining proc-
ess."

Professor Rey is lead author of an article on the findings
published in Nature on Wednesday, 17 September.

The other authors on the paper are Nicolas Flament, also
from the School of Geosciences and Nicolas Coltice, from
the University of Lyon.

There are eight major tectonic plates that move above
Earth's mantle at rates up to 150 millimetres every year.

In simple terms the process involves plates being dragged
into the mantle at certain points and moving away from
each other at others, in what has been dubbed 'the con-
veyor belt'.

Plate tectonics depends on the inverse relationship between
density of rocks and temperature.

At mid-oceanic ridges, rocks are hot and their density is
low, making them buoyant or more able to float. As they
move away from those ridges they cool down and their
density increases until, where they become denser than the
underlying hot mantle, they sink and are 'dragged' under.

But three to four billion years ago, Earth's interior was hot-
ter, volcanic activity was more prominent and tectonic
plates did not become cold and dense enough to spontane-
ously sank.

"So the driving engine for plate tectonics didn't exist," said
Professor Rey said.
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"Instead, thick and buoyant early continents erupted in the
middle of immobile plates. Our modelling shows that these
early continents could have placed major stress on the sur-
rounding plates. Because they were buoyant they spread
horizontally, forcing adjacent plates to be pushed under at
their edges."

"This spreading of the early continents could have produced
intermittent episodes of plate tectonics until, as the Earth's
interior cooled and its crust and plate mantle became heav-
ier, plate tectonics became a self-sustaining process which
has never ceased and has shaped the face of our modern
planet."”

The new model also makes a number of predictions explain-
ing features that have long puzzled the geoscience commu-
nity.

Journal Reference
Patrice F. Rey, Nicolas Coltice, Nicolas Flament. Spreading

continents kick-started plate tectonics. Nature, 2014;
513 (7518): 405 DOI: 10.1038/nature13728

(Science Daily, September 17, 2014, Source: University of
Sydney,
http://www.sciencedaily.com/releases/2014/09/140917131
814.htm)
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Signs in groundwater may help predict earth-
quakes six months in advance

Chemical spikes in water due to stress building up in the
rocks could hold clues to forecasting tremors, scientists say.

In 1995, a power earthquake measuring 7.2 on the Richter
scale devastated the city of Kobe, Japan, killing 6,430 peo-
ple. Predicting earthquakes remains an inaccurate sci-
ence. Photograph: Reuters/Corbis

Scientists searching for a way to predict earthquakes have
uncovered the most promising lead yet, after uncovering
tell-tale chemical spikes in groundwater up to six months
before tremors struck.

Major earthquakes can kill hundreds of thousands of peo-
ple, as in Haiti in 2010, but they are the only natural disas-
ter that cannot currently be forecast. Some experts think a
useful prediction of time, place and magnitude may be an
impossible dream. Previously, scientists have examined
radon gas leaks, heat maps and even unusual animal be-
haviour as possible earthquake indicators, without success
(Operational Earthquake Forecasting / State of Knowledge
and Guidelines for Utilization,
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http://www.geos.ed.ac.uk/homes/imain/igmpapers/LAquila.
pdf).

But now geologists taking weekly measurements of
groundwater chemistry in northern Iceland over five years
have discovered big shifts four to six months before two
separate earthquakes in 2012 and 2013. The quakes were
both significant in size - over magnitude five - and 47
miles from the sampling site.

“This does not mean we can predict earthquakes yet, but at
the least we have shown something happens before earth-
quakes,” said Prof Alasdair Skelton, at Stockholm Univer-
sity, Sweden, who led the research published in Nature
Geoscience (Changes in groundwater chemistry before two
consecutive earthquakes in Iceland,
http://www.nature.com/ngeo/journal/v7/n10/full/ngeo2250
.html). That is tantalising, as it means something is hap-
pening to the rocks before the earthquakes. We are high-
lighting groundwater chemistry as a promising target for
future earthquake prediction studies.”

The fact the chemical spikes were identified before two dif-
ferent earthquakes is significant, said Skelton, because it
indicates they are not a mere coincidence. He said the
chances of that were a hundred-thousand to one. The pre-
vious best evidence for groundwater changes was an analy-
sis of Japanese spring water bottled before and after the
huge 1995 Kobe earthquake, which killed 6,400 people. The
Kobe water also revealed a chemical spike, but there was
too little data to make a link to the tremor statistically con-
vincing. The chemical changes are thought to occur as
stress builds on the rocks before the earthquakes and cre-
ates small fractures which connect up different acquifers
allowing them to mix.

Skelton said the next steps are to understand better exactly
how the chemical spikes occur and then to see if these can
be observed in other parts of the world. The rock in Iceland
is of only one type, basalt, and it may be that in places
where there is a mix of rock types the chemical changes
will be even more marked, he said.

The new work was praised by other geologists. “The poten-
tial for predicting earthquakes has great importance, and
great claims require strong evidence,” writes Steven
Ingebritsen, at the US Geological Survey and Michael
Manga, at University of California, Berkeley, in a commen-
tary in Nature Geoscience. “The new observations are suffi-
ciently compelling to prompt further investigation.”

Professor Ian Main, at the University of Edinburgh, Scot-
land, said caution was needed and the influence of other
possible factors, such as shifting magma below the ground,
needed to be assessed. “There is along way to go (The
IASPEI procedure for the evaluation of earthquake precur-
sors, http://onlinelibrary.wiley.com/doi/10.1111/j.1365-
246X.1997.tb06587.x/abstract) before observations such
as these could be turned into operational tools for forecast-
ing earthquake probabilities,” he said. “Most geophysical
and geochemical signals fluctuate all the time, so it is virtu-
ally inevitable that some areas will have signals coincident
with earthquakes.” The proof will be in making a successful
future prediction, he said: “[Otherwise], this process is a bit
like going into the bookies after a race and claiming you
would have bet on the winning horse.”

Main added: “Earthquake prediction, sufficiently reliable
and accurate to justify an evacuation, has long been the
‘holy grail” of seismology and it is likely to be difficult, if not
impossible, to achieve.” There are strong theoretical rea-
sons why earthquakes may be inherently unpredictable,
because large tremors can set off by relatively tiny - and
therefore hard to distinguish - stresses in the rocks. But
these reasons do not rule out the possibility that some reli-
able precursor signals may be found.
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“In terms of what the public would understand by an earth-
quake prediction, the jury is still out,” Main said.

(Damian Carrington / theguardian.com, Sunday 21 Sep-
tember 2014,
http://www.theguardian.com/environment/2014/sep/21/sci
entists-predicting-earthquakes-advance)
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Earth's water is older than the sun: Likely
originated as ices that formed in interstellar
space

Summary

Water was crucial to the rise of life on Earth and is also
important to evaluating the possibility of life on other plan-
ets. Identifying the original source of Earth's water is key to
understanding how life-fostering environments come into
being and how likely they are to be found elsewhere. New
work found that much of our solar system's water likely
originated as ices that formed in interstellar space.

This is an illustration of water in our Solar System through
time from before the Sun's birth through the creation of the
planets.

Water was crucial to the rise of life on Earth and is also
important to evaluating the possibility of life on other plan-
ets. Identifying the original source of Earth's water is key to
understanding how life-fostering environments come into
being and how likely they are to be found elsewhere. New
work from a team including Carnegie's Conel Alexander
found that much of our Solar System's water likely origi-
nated as ices that formed in interstellar space. Their work is
published in Science.

Water is found throughout our Solar System. Not just on
Earth, but on icy comets and moons, and in the shadowed
basins of Mercury. Water has been found included in min-
eral samples from meteorites, the Moon, and Mars.

Comets and asteroids in particular, being primitive objects,
provide a natural "time capsule" of the conditions during
the early days of our Solar System. Their ices can tell scien-
tists about the ice that encircled the Sun after its birth, the
origin of which was an unanswered question until now.

In its youth, the Sun was surrounded by a protoplanetary
disk, the so-called solar nebula, from which the planets
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were born. But it was unclear to researchers whether the
ice in this disk originated from the Sun's own parental in-
terstellar molecular cloud, from which it was created, or
whether this interstellar water had been destroyed and was
re-formed by the chemical reactions taking place in the
solar nebula.

"Why this is important? If water in the early Solar System
was primarily inherited as ice from interstellar space, then
it is likely that similar ices, along with the prebiotic organic
matter that they contain, are abundant in most or all proto-
planetary disks around forming stars," Alexander explained.
"But if the early Solar System's water was largely the result
of local chemical processing during the Sun's birth, then it
is possible that the abundance of water varies considerably
in forming planetary systems, which would obviously have
implications for the potential for the emergence of life else-
where."

In studying the history of our Solar System's ices, the team
-- led by L. Ilsedore Cleeves from the University of Michigan
-- focused on hydrogen and its heavier isotope deuterium.
Isotopes are atoms of the same element that have the
same number of protons but a different number of neu-
trons. The difference in masses between isotopes results in
subtle differences in their behavior during chemical reac-
tions. As a result, the ratio of hydrogen to deuterium in
water molecules can tell scientists about the conditions un-
der which the molecules formed.

For example, interstellar water-ice has a high ratio of deu-
terium to hydrogen because of the very low temperatures
at which it forms. Until now, it was unknown how much of
this deuterium enrichment was removed by chemical proc-
essing during the Sun's birth, or how much deuterium-rich
water-ice the newborn Solar System was capable of pro-
ducing on its own.

So the team created models that simulated a protoplane-
tary disk in which all the deuterium from space ice has al-
ready been eliminated by chemical processing, and the sys-
tem has to start over "from scratch" at producing ice with
deuterium in it during a million-year period. They did this in
order to see if the system can reach the ratios of deuterium
to hydrogen that are found in meteorite samples, Earth's
ocean water, and "time capsule" comets. They found that it
could not do so, which told them that at least some of the
water in our own Solar System has an origin in interstellar
space and pre-dates the birth of the Sun.

"Our findings show that a significant fraction of our Solar
System's water, the most-fundamental ingredient to foster-
ing life, is older than the Sun, which indicates that abun-
dant, organic-rich interstellar ices should probably be found
in all young planetary systems," Alexander said.

Journal Reference

L. Ilsedore Cleeves, Edwin A. Bergin, Conel M. O'D. Alexan-
der, Fujun Du, Dawn Graninger, Karin I. Oberg, and Tim J.
Harries. The ancient heritage of water ice in the solar
system. Science, 26 September 2014: 1590-1593 DOI:
10.1126/science.1258055

(Science Daily, September 25, 2014, Source: Carnegie In-
stitution,
http://www.sciencedaily.com/releases/2014/09/140925141
226.htm)
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ENAIAG®EPONTA -
NMEPIBAAAON

AnoAiIfwpaTa yiyavriag apkoudag BpEOnkav ota
FpeBeva

MNyavTiaia apkoUda {oUas npiv ano Tpia ekaToupUpia Xpovia
oTa pePeva, onou To nalaionepiBAAAov NTAv €uvoikd yia
TNV avanTuén TETOIWV, TEPACTIWV OE HEYEDOG, HOPPWV.

AMw®OTE, oTn MnAia MpePBevv éxouv Bpebei kal ol peyaAl-
TEPOI XAUAIOdOVTEG Tou KOOopou (5.02u.) Tou pacTddovTa
Mammut borsoni, nou kataxwpnénkav oto BIBAi0 Twv pe-
KOp TKiveg.

AypioBripio (Agriotherium) €ival To enioTnUOVIKO Ovopa TNG
yiyavTiaiag apkoUdag nou {ouoe atnv nepioxn, cUPWva He
TNV avanAnpwTpia kadnynTtpia MaAaiovroAoyiag Tou Tunpa-
ToG M'ewAoyiag Tou ApioToTéAeiou MavenioTnuiou ©scoalovi-
knG (A.M.0.) EuayyeAia TooukaAd, n onoia piAnoe oTto Ale-
OvEC SUVEDPIO yia Tn MEAETN TNG apkoudac nou dieEayeral
oTn Oegoalovikn. H ka. TooukaAd avagpépBnke oTnv ava-
KAaAuwn piag nTepvag anod Tov aploTEPO TApood WIAG yiyav-
Tiaiag apkoudag 3.000.000 eTwv nou Bpednke aTnVv Nepioxn.

«EVvOeIKTIKO TOoU peyéBoug Tou {wou €ival 0TI n NTépva Tou
nou BpeBnke sival katd 25% peyaAUTepn and Tnv avrioTol-
XN HIag HEYAANG kagpe apkoudag» snecnuave n kabnynrtpia,
oupnAnp®vovVTag OTI, UE TNV avackagpr, To ayplodnpio ev-
TonmileTal yia npwTn @opd oTnv EAAGda. 'Onwg npoékuye
ano TIG EMNIOTAMOVIKEG MEAETEG, TO OUYKEKPIYEVO {wo £lnOe
pali he Tn MIKpOTEPN apxaikn apkoUda (Ursus etruscus,
KOIVA MPOYOVIKA HOpPR TNG apkoudag Twv onnAdiwv Kai Tng
Ka@eTIag apkoldag 1,5 ekatoppuplia xpovia npiv) o€ ouven-
KEC NEPIBAAANOVTOG NUKVAC BAAOTNONG KAl MOAADV VEP®V, HE
MeyaAUTepn Beppokpacia anod Tn onUEPIVA.

(AMME, 7 OkTwpBpiou, 2014)

TA NEA THZ EEEEI'M - Ap. 67 — IOYAIOZ 2014 ZgAida 25



ENAIAG®EPONTA -
AOINA

7 Most Dangerous Places on Earth

From its churning, sometimes stormy atmosphere to its
shifting tectonic plates, Earth can be a dangerous place.
Earthquakes, floods and other natural disasters killed more
than 780,000 people between 2009 and 2009, according to
the UN International Strategy for Disaster Reduction Secre-
tariat. Millions more were injured or displaced. No one
knows how the next decade will shape out, but some areas
have more reason to worry than others.

7 - Lake Nyos, Cameroon

A silent killer lurks beneath the surface of this West African
lake. A pocket of magma deep below the lake bed leaks
carbon dioxide into the lake above. Under the pressure of
650 feet (200 meters) of water, this carbon dioxide stays
dissolved, much like the carbonation in a bottle of soda.

But on the night of August 21, 1986, the water in the lake
abruptly turned over, and the now-depressurized carbon
dioxide exploded upward like a shaken soft drink. The re-
sulting carbon dioxide cloud rushed downhill, asphyxiating
1,700 people and thousands more animals. In the 15 miles
(24 kilometers) of valleys below the lake, almost nothing
survived.

Today, pipes are used to siphon carbon dioxide-rich water
from the bottom of Lake Nyos. The pipes prevent carbon
dioxide buildup, but that doesn't make Lake Nyos entirely
safe, said George Kling, a University of Michigan geochem-
ist who was on the team that originally investigated the
1986 disaster.

"We're keeping ahead of the game, but we're not drawing
the gas down very quickly," Kling said. "That means that it
still is a very dangerous lake."

6 - Naples, Italy

In 79 A.D., Mount Vesuvius blew its top, burying the an-
cient cities of Pompeii and Herculaneum. More than 50 sub-
sequent eruptions and the eerie human-shaped cavities left
behind in the volcano's ash haven't dissuaded people from
populating the slopes of this volcano by the sea. The city of
Naples lies at its base, and up to 650,000 people may live
on its slopes, according to Guido Bertolaso, the head of
Italy's civil protection agency. An impending eruption could
force the evacuation of more than a million people.
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Vesuvius isn't the only active volcano threatening this
densely-populated area. The Mediterranean Sea off the
coast of Italy is littered with volcanoes. The most worri-
some, according to Bertolaso, is the resort island of Ischia.
An eruption there would affect Naples and "could be worse
than a hypothetical Vesuvius eruption," Bertolaso said.

5- Miami, Florida

No one can predict where a hurricane will hit next, but
south Florida is always a reasonable bet. The U.S. Geologi-
cal Survey estimates the southern tip of Florida can expect
more than 60 hurricanes over a 100-year period. And in
2008, sustainability company Sustain Lane ranked Miami as
the most risky city for natural disasters in the United
States.

Hurricane destruction in Miami and the nearby Florida Keys
is nothing new. In 1926, the Great Miami Hurricane de-
stroyed or damaged every building in downtown Miami and
killed at least 373 people, according to the Red Cross. Less
than 10 years later, the Labor Day hurricane of 1935 killed
408 people in the Florida Keys. In 1960, Hurricane Donna
roared through the Keys and South Florida, bringing with it
11 to 15-foot storm surges.

Perhaps the most famous hurricane to hit south Florida
was 1992's Hurricane Andrew . Andrew blasted through
Florida as a Category 4 storm with winds so high they broke
measurement instruments. According to the National Oce-
anic and Atmospheric Administration, Andrew killed 23
people in the United States. The destruction totaled more
than $26.5 billion.

4 - The Sahel region of Africa

Drought often doesn't get as much attention as other natu-
ral disasters, but it can be a killer. According to the United
Nations Environmental Programme, more than 100,000
people died because of drought in the Sahel region of Africa
from 1972 to 1984. Another 750,000 were unable to grow
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their own crops and were completely dependent on food
aid.

The arid Sahel region borders the Sahara Desert , stretch-
ing across northern Africa through Mauritania, Senegal,
Mali, Niger, Burkina Faso, Nigeria, Chad, Sudan, Algeria,
Ethiopia and Eritrea. According to the U.N., human exploi-
tation of the area's limited water is causing desertification,
raising the risk of future drought and famine.

3 - Guatemala

Central America gets hit by a triple threat of natural disas-
ters: earthquakes, hurricanes and mudslides.

Along with the western coast of North and South America,
Central America lies on the Ring of Fire, a seismically active
loop that encircles the Pacific Ocean. Guatemala isn't the
only country affected, but it's been hit hard: In 1976, a
7.5-magnitude earthquake killed 23,000 people, according
to the USGS. Thanks to the country's mountainous terrain,
landslides hampered transportation and rescue efforts.

The combination of topography and weather can be deadly
as well. Heavy rains can saturate hillsides, leading to dev-
astating mudslides. In 2005, the remnants of Hurricane
Stan soaked Guatemala, El Salvador and southern Mexico,
causing more than 900 mudslides. Entire villages were bur-
ied; one, Panabaj, was declared a cemetery after officials
gave up hope of excavating the bodies of 300 missing vil-
lagers. The exact death toll is unknown, but some esti-
mates suggest that up to 2,000 people lost their lives.

2 - Java and Sumatra, Indonesia

These two Indonesia islands face perhaps more natural
disaster hazards than anywhere else. Droughts, floods,
earthquakes, landslides, volcanoes and tsunamis all
threaten Indonesia, and Java and Sumatra have the highest

risk, according to the Center for Hazards and Risk Research
at Columbia University.

The most famous disaster to hit Indonesia is the 2004 In-
dian Ocean tsunami, which killed an estimated 227,898
people after a 9.1-magnitude earthquake triggered the
enormous wave. Indonesia was hardest hit among the af-
fected Southeast Asian countries, with over 130,000 people
confirmed dead.

But smaller disasters cause more regular suffering. Be-
tween 1907 and 2004 (before the tsunami), droughts killed
9,329 Indonesians, according to the Columbia University
group. Volcanoes killed 17,945 people in the same time
period, and earthquakes killed 21,856. One of the most
famous eruptions in history, of the volcano Krakatoa, oc-
curred in the Sunda Strait between the two islands. And as
recently as this February, floods drove thousands of west
Java residents from their homes, and a landslide in the vil-
lage of Tenjolaya killed dozens.

1 - Istanbul, Turkey

No one knows when the North Anatolian Fault will rupture,
but one thing is certain: It will rupture. The resulting earth-
quake could be very bad news for the 12.8 million people in
Istanbul.

Sea of Marmara

For the past century, earthquakes on the North Anatolian
Fault in northern Turkey have been creeping westward. The
last big quake happened in 1999, when a 7.6-
magnitude temblor devastated the city of Izmit . The official
death toll was around 17,000, but a 2004 estimate by Uni-
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versity of Brasilia researcher Vasile Marza put the number
at 45,000.

The next time the ground shakes, scientists expect that it
will be even further west, just south Istanbul. A January
2010 study in the journal Nature Geosciences found that
tensions along the fault are building and could trigger mul-
tiple small-to-moderate quakes. Or the fault could go all at
once. In March, USGS geophysicist Tom Parsons told Na-
ture that the chances of Istanbul being hit by a magnitude
7 or greater quake in the next 25 years are between 30 and
60 percent.

(Stephanie Pappas / OurAmazing Planet Contributor, July
18, 2011, http://www.livescience.com/30602-7-most-

dangerous-places-earth-natural-disasters.html)
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01 23 pwTOoYypaPisg and 3opuPopo Nou Hoia-
douv PE épya TEXVNG

1/1/2014

Tulip Fields of Keukenhof
Lisse, Netherlands
52.271256°N 4.546365°E

3/15/2014
Vineyards Huelva, Spain
37°42’12"N 6°36’10”"W
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5/12/2014

Our Lady of Almudena Cemetery
Madrid, Spain

40°25’10”N 3°38'26"W

4/12/2014

Residential development
Killeen, Texas, USA
31.079844, -97.80145

6/15/2014

Pinecastle Bombing Range

Ocala National Forest, Florida, USA
29°10'25”N 81°49’18"W
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9/18/2014 10/6/2014

Davis-Monthan Air Force Base Brighton Pier
Tucson, Arizona, USA Brighton, England, UK
32°09’59”N 110°52'59"W 50°48’59”N 0°08’14”"W

8/22/2014

Ivanpah Solar Power Facility
Ivanpah, California, USA
35.57°N 115.47°W

9/30/2014

Erosion

Betsiboka River, Madagascar
15°48'55”S 46°16'13”"E

10/13/2014

Mount Taranaki

North Island, New Zealand
39°17'47”S 174°03'53"E
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6/17/2014

Cranberry Bogs

Carver, Massachusetts, USA
41°53’00”N 70°45'47"W

5/21/2014

Seaweed Farms

Nusa Lembongan, Indonesia
8°40.906'S 115°27.067'E

9/22/2014

Turbine Interchange

Jacksonville, Florida, USA
30.253047949°, -81.516204357°
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9/4/2014

Vineyards

Weinstadt, Germany
48°47'20.9”N 9°22'11.7"E

Google sarth

2/20/2014

Tent City

Mina, Saudi Arabia
21°24'48”N 39°53’'36"E

-
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b
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7/5/2014

Cadiz Ranch

Essex, California, USA
34.494638, -115.500469

- iEL |
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9/19/2014 3/13/2014

Mir Mine Ciudad Nezahualcoyotl
Mirny, Eastern Siberia, Russia Mexico City, Mexico
62°31’45.92”N 113°59'36.74"E 19°24'00”N 98°59'20"W

3/3/2014

Terraced rice paddies 3/9/2014 _ _
Yuanyang County, Yunnan, China Settling ponds of Intrepid Potash mine
23°09'32”N 102°44’41"E Moab, Utah

38°290.16”N 109°40°52.80"W

10/15/2014

Zaatari Refugee Camp 4/28/2014

Mafraq, Jordan Port of Los Angeles
32°17/44.4"N 36°1925.5"E Los Angeles, California, USA

33°43’45”N 118°15'43"W
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5/14/2014

Spreckles Beet Sugar Factory
Brawley, California, USA
32.905407, -115.565693

http://techit.gr/2014/10/0i-23-fotografies-apo-doruforo-
pou-moiazoun-me-erga-technhs-eikones

O3 D

Mayikoi kUkAol TG APPIKNAG:
Nepadeg-EnioTApun 1-0

Av Kkal enioTpaTeldnkav akopa kair dopuPopol, ol ENICTAHO-
veg aduvaTolv va AUgoUV TO diviypa Twv HuoTnpIndwV KU-
KAwv TnG Napiynia.

AgpopwTOypaQia Pe ToUG HUOTNPIWDEIG KUKAOUG TwV VveEPAQI-

dwv TG Napipnia. EkaToppUpia TETOIA AIVIYHATIKA HNAA®-

HaTa unapxouv O€ EpNUIKEG EKTACEIG 1 o€ AIBadia e nowdn
BAaoTnon. Photo: Dr. Stephan Getzin/UFZ.

OI MYZTHPIQAEIZ kUkAol nou eugavifovral €dw Kal Kaipo
ora €dapn TG Napipyma, otn NA A@pikr, enaviABav oTo
npooknvio kabwg n €€Aynon nou eixe doBei, 6TI dnAadn n-
Tav oxnuartiopoi and undyeieg anoIKieg TEPUITWV, KATEPPEU-
og, 0Tav dIanioTWONKE OTI KATI TETOIO deV EUCTABEI.

Mo ouykekpipéva, o kabnyntng Biohoyiag NopunepT Molp-
YKEVG, Tou MavenioTnpiou Tou AppouUpyou, MPOTEIVE OTI Ol
HuoTNPI®AEIG KUKAOI €ival oTNV NPayuarikoTnTa To anoTEAE-
opa TNG €EEAIYHEVNG OIKOAOYIKNG HNXAVIKAG TWV TEPHITOV
Psammotermes allocerus.

Ol TepHITEG AUTOI TPWVE TO ypaadidl Kal KATOMIV TPUNMWVOUV
MEoa oTn yn dnuioupywvTag €vav kUkAo. O xwpic BAdoTnon
KUKAOG Dev WNOPEI va GUYKPATNOEl TO VEPO, To onoio dindei-
Tal yéoa and To aupwOEC £daPog Kal oUTOWPEUETAl OE UNO-
veleg Oekapeveg, emTpENovTag oTto €3agog nou eival ano
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ndvw va napapével uypd akoua kal Katw anod TIg EnpoTepeg
OUVONKEG.

Ta aypwoTwdn nou avantlooovTal OTIG AKPEG TOU KUKAOU
opeilouv Tnv avanTtu&n Toug oTa anobnkeupéva undyeia
Udata. O1 TepuiTEG TPWVE Olyd-olya Ta aypwoTwdn HeE ano-
Té\eopa va auaveral otadlaka To péyeBog Tou KUKAOU.

Me aAAa Adyia, ol TEPUITEG TNG AUHOU KAAAIEPYOUV TIG BIKEG
TOUG MNYEG TPOPNG Kal vepoU, dNMIOUPYWVTAG €va TOMIKO
0IkooUOTNHA KATa TPONo Napouolo HE ToV KoIVO KAaoTopda.

H nepinAokn autr Bewpia gpavnke va €Enyei 1o yiaTi Yepikoi
ano auToug Toug KUKAIKOUG BUAAKEG gival HIKPOi, eV AAAoI
@Tavouv o€ didpeTpo Ta 20 pETpa, dev €Enyoloe OUWG TNV
napouadia TWV alVIYHATIKOV KUKAIKOV OXNUATIONWV OE Te-
Agiwg dyovo €da®og.

KaTtéppeuoe ado&a

H Bswpia Tou MNoupykevg dev €udokiunoe NoAU, kKabwg avTi-
Taxlnke gs autnv o MouoATep TigivkeA, BloAdyog Tou Mave-
niogTnpiou TnNG ®Ao0pi1dag. O TioivkeA, Nou gpelvnoe eniTOnou
TougG KUKAOUG, au@IoBATNOE Ta nopiouata Tou MoUpyKEevG,
Kabwg dev evTOMIos NOUBEVA AMOIKIEG TEPHITMV.

0 Kenyan Fouo)\Ts TioivKeA nlesi ¢évav and TOU
KUKAOUG TwV vepaidwv, avalnTwvTag Tnv aitia Tou napae-
vou auTtoU @aivouévou. Photo: Walter Tschinkel.

O TolUpykevg avTédpaoe A&yovtag OTI o TioivkeA Ewaxve
AGBog TeppiTeg. To €idog Psammotermes allocerus, €ine o
Feppavog kabnyntng, dev dnUIOUPYEl avaxwuaTta f QWAIEG
navw and To €3agog, aAAa avTibeTa kpuBeTal Badid Yéoa os
auTo Xwpig va agnvel ixvn otnv aguo.

Eneidn Opwg dev KATAPeEPE va Tnv oTnpi&el e anodei&eig, n
Bewpia TOU KATEPPEUDE.

Tnv idla TUXN €ixe kai n Bewpia nou €Aeye OTI dnuioupyoUv-
Tal and avepooTpoBIAoug, Kabwg To NANBog, n diata&n kai
TO OXNHA TOUG dev eNMITPENEl KATI TETOIO.

'ETOI, n WOvn ovopacia nou Toug Taipialel sival auTh nou
€xouv dWOEl Ol VTOMNIOl Nou Toug anokaAouv “anoTunwuara
TV BewVv” N “KUKAOUG TwV vePaIdwv”.

O1 kUKAoOI, nou Onw¢ sinape €xouv diAueTpo and 2 €wg 20
METpa, BpiokovTal gg pia {wvn TnG evdoxWPAg HE €KTAON
160 xIAlopETpwy, n onoia Bpioketal voTia Tng AykdAag oe
anooTaon nepinou 2.400 XIAIOPETPA. TO KOVTIVOTEPO XWPIO
ane€xel Navw ano ekato piAia.

O1 kKUKAOI avapEpdnkav yia npwTtn gopa 1o 1971 kal EKTOTE
€XOUV HeAeTNBel and JIAPOPEG ANOOTOAEG, XWPIG OMWG va
£xel Bpedei £wg TwpPa N aitia Nou Toug dNMIOUPYEI.

O1 @UAR Twv Xipna, nou {el KOVTA OTO PEPOC AuTO, MIOTEUE
OTI TOUG KUKAOUG TougG dnuioupyei n @Aoyepr avaoa evog
dpakou nou el oTa &ykata Tng yng. H avaoa Tou dnuioupyei
nupiveg puUOaAideg nou kaive Tn BAAoTnon HEOA OTOUG OXE-
d0OV TEAEIOUG KUKAOUG.




AANAOI, JE MIO NEPIOPICUEVN PpavTacia, AEVE OTI TOUG KUKAOUG
Toug dnuioupyoUv Ta padievepyd UAIKG Mou undpyxouv OTo
XWHa f ol TOEIKEG ouTieg Nou ekkpivovTal and Tnv Euphorbia
Damara, €éva dnAnTnpIwdeg evOnUIKO PUTO.

KukAIkoi oxnuariopoi oTnv €pnuo Tng Napiunia. Photo:
George Steinmetz.

XiIAIadeg kUkAol vepaidwv oto NamibRand Nature Reserve.
Photo: AAAS/Science.

STpouBokaunAol og neploxn TnG epnuou Kahaxapr orn Napi-
unia. Photo: BBC.
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H eppavion Tov KUKA®V TOV VEPAIDWY O EPNUIKEG NEPIOXES
Tn¢ Napiunia npoBAnuaTilel Toug ENICTANOVEG £3W Kal XpO-
via. Photo: Flickr.

KovTivr anoywn €vog KUKAOU TwV vepdidwyv. Photo: Hennie
Rautenbach/Flickr.

(21 Maiou 2014,
www.youmagdazine.gr/wordpress/2014/05/mysterious-fairy-
circles-of-namibia-28187)

O1 puoTnpiol kUkAol Nepaidwv TnG Nagipnia

270 avaTtoAikd akpo TngG Napignia €prijgou TnG VOTIOJUTIKAG
AQPIKAG UNAPXEl £va PUOTNPINJEG PalvOPeEVO nou ovoudale-
Talr "KUkAol vepaidwv" oxeddv KUKAIKG dayova pnaAwpara
MEoa o€ pia apaifj YATPA MIKPWV BpaxUBiwv €id®V XAO-
NnG...=Tn Napipnia Tng voTIoduTIKAG APpPIkNG, Ta apaid AiRd-
dia nou avanTtuooovTal oTa Babid aupwdn XWHaATa KaTw ano
TIG BpoxonTwoelg PHeTAEU 50 kal 100 xIA. To Xpovo ano xi-
Nadeg oxedOV-KUKAIKG YUPVA onueia, ouvnewg nepiBaiiov-
Talr ano éva ynAoTepo ypaaidi. O1 aITieG auTwV TWV Agyoue-
VOV «KUKAWV vepaidwv» €ival ayvwaTn, av Kai €vag apib-
HOG UNoBEoswv £Xouv NPoTabei.




O Walter Tschinkel, évag kpaTikog kabnynTng NavenioTnuiou
NG ®AwPIdag TN BIOAOYIKNAG €NICTAMNG, NpooeaTa dnuoai-
€UOE €va €yypago nou SnUooleUTNKE OTO £YKUPO MEPIOSIKO
PLoS One yia Toug AeyOUEVOUG « KUKAOUG vepaidwv," napd-
EEveG KUKAIKEG KnAideg nou ouvnBwg nepiBaAlovTal ano
€vav daxTuAidl nio ynAng xAong oto Tonio TnG Napiunia.

O1 kUkAol ep@avilovTtal oe didgopa PeyEON anod UHIKPOi WG
kal peyalol. O Tschinkel dianioTwoe OTI 01 HIKPOTEPOI KU-
kAol, nepinou 2 PETpa NAATog, npokUNTouv Kal gEagavilo-
vTal Katd Tn S1dpKela evog 24-€Tr KUKAOU, Kal ol JeyaAUTe-
pa, nepinou 12 pérpa nAdTog, Ba eEagavioTouv o€ Mepinou
75 xpovia. KaTéAn&e ota ouunepdopaTd Tou PETA anod TEO-
oegpa £Tn S0PUPOPIKWV EIKOVWV KAl va NAPEKTEIVE! TIG diap-
keleg LwNG TwV KUKAwV and Ta oToixeia.
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To Google Earth deixvel Tn 8€0n Twv XPNOIMOMOIOUUEVWV
QwToypai®v To 2004 kai 2008 anod dopuPopo.

H egpgavion kai eEapavion Twv KUKAwV eniBeBaiwbnke anod
SOpUPOPIKEG €EIKOVEG NOou eAn@Bnoav 4 xpovia (2004,
2008). H ouxvoTnTa TWV YEVVNOEWV KAl TWV 8avaTwvVv wg
HEPOG Tou OUVOAIKOU NANBUOHOU TwWV KUKAWV ENETPEWE
oTOV UNoAoYyIoONO €vOG KATA MPOCEYYIon nocgooToU KUKAOU
€PYAOIV, KAl andé auTo, Hia eKTipnon Tng diapkeiag {wng
KUKAwV. H didpkeia {wnG eu@avioTnke va MoIkiAAEl PE TO
HEYEBOG KUKAWYV, HE TOUG HIKpOUG KUKAOUG nou unoAoyilouv
KaTa PECO Opo nepinou 24 £€Tn, KAl ol hJeyaAuTepol and 43
WG 75 &mn.

(http://anekshghta.blogspot.gr/2013/04/blog-
ost 8214.html)




NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
ENIZTHMEZ

s
:@ Engineering the Panama Canal
3 A Centennial Retrospective

ﬁGINEER{ Edited by Bernard G. Dennis, Jr.

THE
PANAMA , , _
CANAL Proceedings of sessions honoring
A the 100th anniversary of the Pa-
N Canal at the ASCE Global En-

gineering Conference 2014, held in
Panama City, Panama, October 7-11, 2014. Sponsored by
the History and Heritage Committee of ASCE

The history of the Panama Canal began nearly 500 years
ago with the discovery by the Spanish of the isthmus be-
tween the oceans. Almost 400 years with several failed
attempts would pass before the canal finally opened to boat
traffic in August, 1914. This collection of nine papers pre-
sents the lives and experiences of the engineers and plan-
ners who struggled for decades to get the canal accepted,
funded, built, and launched in order to ensure its successful
operation during the last 100 years.

Topics include: early British and French efforts to construct
a canal; building the canal and the Gatun Dam; lives of the
engineers who worked on the canal; and the 1915 Panama-
Pacific Exposition celebrating the completion of the canal.

This collection will be of interest to engineers, students,
historians, and anyone interested in the building of this
engineering landmark.

(ASCE, 2014)
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HAEKTPONIKA
NMEPIOAIKA

International Society for Soil Mechanics and
Geotechnical Engineering

ISSMGE Bulletin

Volume 8, Issue &
October 2014

http://www.issmge.org/en/resources/issmge-
bulletin/676-vol-8-issue-5-october-2014

KukAo@opnoe To Teuxog 5 Tou 8% Topou Tou ISSMGE Bulle-
tin (OkTwPBpiou 2014) Pe Ta NAPAKATW MEPIEXOHEVA:

Research Highlights : The GeoEngineering Centre at
Queen’s - RMC

Report from Board-level Committee : Awards Commit-
tee (AWAC)

Report from Member Society : New Zealand Geotechni-
cal Society

TC Corner : TC106 Unsaturated Soils

Young Members’ Arena : Geothermal Energy for Heating
and Cooling: Full-Scale Testing and Numerical Modelling
Major Project - Design and Construction of a Cement
Stabilised-Shored Reinforced Soil Wall

Conference Report : All-Russian Conference with Inter-
national Participations

NEWS

Obituary - Prof. Dr. Nguyen Truong Tien

The XV PanAmerican Conference on Soil Mechanics and
Geotechnical Engineering

Event Diary

Corporate Associates

News from Corporate Associates : Projects from Hay-
ward Baker

Foundation Donors

3 O
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www.geoengineer.org

KukAogpopnoe 1o TeUxog #116 Tou Newsletter Tou Geo-
engineer.org (OkTwPpiou 2014) e NOAAEC XPNOIMEG NMAN-
popopieg yia OAa Ta Béparta TNG YEWHNXAviKAG. YnevOupile-
Tal 671 To Newsletter ekdideTal and Tov ouvASEAPO Kal JEAOG
TnG EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).
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ITA' NEWS o BTG
o AITES

http://www.ita-
aites. or en com onent acymailin archlve view

ITA

INTERMATIONAL TUNNELLING
AND UNDERGROUND SPACE
ASSOCIATION

74d7627ed3e51b6727 1afdd9255b5891&tm I=compo
nent

Kl'JK)\O(pC')pI']G'E To Teuxog 55 (OkTwPpiou 2014) pe Ta napa-
KATW NEPIEXOHEVA:

+ Message from S@REN DEGN ESKESEN, ITA President
- ITA at the UN climate change summit in New York

- Development of the ITA Young Members Group

+ WTC 2015 preparation is in full swing

+ Visit to ITA Prime Sponsors

+ Photos of WTC 2014 are available

+ Obituaries

+ Preparation for WTC 2016

+ 2014 International Tunnelling Awards

+ TAC Conference in Vancouver

+ Success for the Tunnel Expo Turkey

+ Arabian Tunnelling Conference and Exhibition

+ Expo Tunnel," Innovation in the construction of under-
ground works", 23-24 October 2014, Bologna, Italy

3 O

sepTemBeR 2014 [l

e A, . .. L}
www.geojournal.com.au

KukAogpopnoe To ZenTtepPpiou 2014 Tou Geofabrics Journal
(semi-annual publication providing case studies, technical
articles, testing updates, and more) pe Ta napakdTw nepie-
XOMEVA:

Marc Amtsberg, John Buckley and Chris Lane “Research
and Analysis of Geosynthetics For a Tailings Storage
Application”.

Preston Kendall, Charmaine Y T Cheah and Richard Aus-
tin “Installation Durability of Revetment Geotextiles”.

Daniel Gibbs and Richard Austin “Durability of Polyester
Geotextiles Subjected To Outdoor and Accelerated
Weathering”.

Richard Austin, Daniel Gibbs and Preston Kendall “Ge-
omembrane Protection Using Cushioning Geotextiles”.
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Daniel Gibbs and Will Gates “A Test Method To Deter-
mine Expected GCL Porosity Under Specific Site Condi-
tions”.

Preston Kendall, John Buckley and Richard Austin “Geo-
synthetic Clay Liner Overlap Performance and Testing”.

What is the Geosynthetic Centre of Excellence?
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EKTEAEZTIKH ENITPONH EEEENM (2012 - 2015)

Mpoedpog : Xpnotog TEATSANIPOS, Ap. MoAITIKOG Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
president@hssmge.gr, editor@hssmge.gr, ctsatsanifos@pangaea.gr

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

B’ AvTinpoedpog : MixaAng NMAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

levikog Mpappareag : Mapiva MANTAZIAOQY, Ap. MoAimikdg Mnxavikdg, AvanAnpwTpia Kaényntpia E.M.M.
secretary@hssmge.gr, mpanta@central.ntua.gr

Tapiag : Mwpyog NTOYAHZ, MoAITIkoG Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETEZ A.E.

gdoulis@edafomichaniki.gr

'Epopog : NMwpyog MMNEAOKAZ, Ap. MoAImikdg Mnxavikodg, Enikoupog Kadnyntrg TEI ABrivag
gbelokas@teiath.gr, gbelokas@gmail.com

MEAN : Avdpéag ANAITNQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OudTIog Kabnyntrng EMMN
aanagn@central.ntua.grn

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

MixaAng KABBAAAZ, Ap. MoAITKOG Mnxavikog, AvanAnpwTtnc Kadnyntng EMM
kavvadas@central.ntua.gr

AvanAnpwparika
MEAR : Xprotog ANATNQSTOMOYAOS, Ap. MoAITikog Mnxavikdg, Kadnyntng MoAuTexvikng ZxoAng AMO
anag@civil.auth.gr, canagnostopoulos778@gmail.com

Znupog KABOYNIAHZ, Ap. MoAITikog Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
scavounidis@edafos.gr

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

MixdAng MMAPAANHZ, MoAITikdg Mnxavikdg, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

EEEEIM

Topéag FrEWTEXVIKAG TnA. 210.7723434

2XOAH MOAITIKQN MHXANIKQN Tor. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveiounoAn Zwypagpou geotech@central.ntua.gr

15780 ZQrPA®OY IotooeAida www.hssmge.org (und KaTaokeun)

«TA NEA THX EEEEMM» Ekd0TNG: XproTog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-31. pangaea@otenet.gr,
ctsatsanifos@pangaea.gr, editor@hssmge.gr

«TA NEA THZ EEEEMM» «avapT@vTal» Kal oTnv 1oTooeAida www.hssmge.gr
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