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George Gazetas will present the
59th Rankine Lecture

George Gazetas, profes-
sor of the National Tech-
nical University of Athens
and present chairman of
HSSMGE, was selected by
the British Geotechnical
Association to give the
59th Rankine Lecture! The
Rankine Lecture is given
every year since 1961 with
the lecturer coming from
the UK in even-numbered
D years and from outside
‘ the UK in odd-numbered
s ¢ years. Previous lecturers
have been some of the most important figures in the
history of geotechnical engineering. The Rankine Lec-
ture is generally accepted as the most prestigious of in-
vited lectures in geotechnical engineering and it is a
great honour and highest recognition of one's work to
be selected as a Rankine Lecturer. The 59th Rankine
Lecture will be given by Prof. George Gazetas on 20
March 2019 at Imperial College London.
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Diving into the Digital Future?
Does digital technology have the power to disrupt the
way we do things underground?
Kristina Smith investigates the rise of BIM and its
impact.

3D Geology - This is Amberg’s model of the geology of the
Hagerbach Test Gallery

Amberg’s BIM Model of the Bizberg Tunnel

One day we were running down the street, arms waving
frantically as we tried to hail a Black Cab with its light on.
The next we were standing quite still, just looking at our
smartphones, watching the dot of the Uber driver getting
closer and closer on our screen.

Well, perhaps the change wasn’t quite that fast. But you get
the picture. Digital technology has the potential to alter the
way we behave quite radically. And sometimes it feels like
it's happened overnight.

Can digital technology bring the same kinds of disruptive
change to the world of tunnelling and underground con-
struction? The answer is almost certainly yes. What those
changes might be is a little harder to say - disruption is, by
definition, unexpected.

Digital technology in construction, of which BIM is a part, is
already changing the way people work together. It is rear-
ranging the order in which we do things, demanding differ-
ent skills sets and creating new ways for organisations to
engage with each other.

Digital construction is already starting to change the way
we manage risk. Ultimately it offers the opportunity to re-
duce the capital and operational costs of underground
space, while improving the way that space operates for the
people and systems within it. But the journey to that point
will probably we a rather bumpy ride for many.
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Is BIM dead?

Though BIM may seem like a relatively new concept, the
idea has been around for some time, says Paul Clark-
Edwards, BIM practice leader for Mott MacDonald’s trans-
portation business.

“The software vendor’s business model suggested the idea
of ‘BIM’ 15 years ago,” he says. "They wanted to extend the
functionality of their core graphics engines, into something
smarter allowing the author to assign attributes and behav-
iours to the 3D geometry.”

BIM gained traction in the UK back in 2011 when the Gov-
ernment mandated that all central Government depart-
ments had to work in 3D and in a collaborative way from
April 2016 on. The players in a project didn't necessarily
have to be working from the same 3D model, but the same
information had to be used and exchanged between them.

There’s a certain amount of confusion over what BIM is.
There’s a tendency to think of BIM as the 3D model, but
that’s not right, says Emil Rudegran, rock mechanics engi-
neer at WSP in Sweden.

“It's important to really see what 3D is and what BIM is and
to distinguish between the two,” says Rudegran. “Many
people think that 3D is BIM. But they have nothing to do
with each other.”

A BIM, or building information model, could just be a spread
sheet with a list of components, or objects, and some perti-
nent information in a format that everyone can use. Infor-
mation linked to each object could include who designed it,
what stage the design is at, when the last review was done,
manufacturer, operation and maintenance information.

Forensic use of survey and utility information around Victo-

ria Station meant that the positioning of grout jet columns

could be carefully planned, with information from the drill

rig used to create as-built drawings that then informed the
tunnelling activities beneath.

“There are no limits to what information we could include,”

says Rudegran. “It's up to the client and the end user. We
have only scratched the surface of possibilities.”
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In the UK, there’s a push to get away from the term ‘BIM’
altogether. In 2015, the UK Government published a report
called ‘Digital Built Britain’ and a year later launched a task
group of the same name which aims to link a multitude of
digital technologies including big data, telemetry, the inter-
net of things and data driven manufacturing.

Since then we have seen job titles changing to reflect this
change of focus. People are no longer ‘head of BIM’, they
are ‘head of digital technology’ or ‘digital construction’.
Partha Sarkar, who is head of BIM and allied technologies at
Arcadis in India predicts we will soon see some new titles
emerging.

“We see there are so many influences poised to disrupt the
construction industry, all these digital technologies,” he
says. “"Maybe next year or the year after, the BIM guys will
become ‘digital disruptors ‘or ‘digital transformation lead-
ers.

Comparison of possible alignments under the city of Gene-
va. (Amberg)

Reducing risk

Perhaps one of the best examples of what 3D modelling,
and the integration of data from multiple sources, can do is
London Underground’s Victoria Station Upgrade and in par-
ticular the ground improvement work carried out there.
Specialist contractor Keller, working for Taylor Woodrow-
Bam Nuttall (TWBN) 1V, installed over 2,200 jet grout col-
umns, working from an area of congested London streets,
to improve the gravels so that a SCL tunnel could be dug
through the ground.

Clark-Edwards, who worked on the project as London Un-
derground’s information manager before he moved to Mott
MacDonald, says that London Underground started model-
ling for Victoria Station Upgrade 15 years ago when the
project was first conceived. “There was so much complexity
with the existing underground assets — an operational rail-
way, foundations, utilities - that it had to be modelled in
3D.”

By piecing together information from multiple sources, Mott
MacDonald’s engineers built up a 3D model of the under-
ground space beneath with the ground-level road layout
layered on top of it. Specialist contractor Keller then over-
laid the position of every column and used the model to
plan installation, including sequencing and road closures, in
3D.

“We used the BIM model to pre-plan everything, right down
to the movement of traffic,” says Dr Anmol Bedi, of Bedi
Consulting, a sub consultant to designer Mott MacDonald on
the upgrade, and heavily involved with the BIM model.

TA NEA THZ EEEEIT'M - Ap. 112 - MAPTIOZ 2018

The transformational step came when Keller was able to
take parametric data recorded from the drill rigs for each of
the columns they had installed and feed that back into the
3D model to create an as-built record.

“We built risk review into the model,” says Bedi. "We could
highlight the as-built column profiles in the 3D model so it
showed all the gaps where the ground could not be treated.
We knew on each advance that we were coming up to a risk
area. We could stop the tunnel a safe distance from the
known gaps, probe drill to find the loose ground and treat it
from a safe working environment in the tunnel before we
moved on.”

The model proved to be a good predictor of where the un-
treated ground would be, and as people on site gained con-
fidence in its usefulness, they became more engaged with
it, says Bedi. Knowing what was coming up allowed TWBN
and Keller to prepare labour and resources and the tunnel-
ling crew to plan other activities while the remediation was
going on.

Bedi Consulting was able to apply the same process of
mapping the underground to inform a contractor’s bid on
the Sydney Metro where a big cavern was proposed through
a faulted area adjacent to Sydney Harbour. The plan was to
enlarge the cavern from TBM tunnels using SCL. Inflows of
water would have been disruptive and potentially dangerous
for site staff, so a pre-grouting plan had to be devised.

“To evaluate the fault and the treatment we put together
information from previous surveys, studies, outcrop map-
ping and fault areas,” explains Marco Invernici, tunnel de-
sign engineer at Bedi Consulting.

“We had survey data from around 2km in either director
from projects done in 2009 and we had some points where
there were outcrops on the surface. We put that with core
logs undertaken in this area and south of the project areas.”

Overlaying the pattern of streets from Google Earth, Bedi
Consulting could then optimise the ground improvement
sequence, devising an approach that didn't require road
closures, reducing disruption for the city’s inhabitants and
commuters.

There is a wealth of information out there which can poten-
tially be used to create these models. “"With the model you
have the capability to put everything together in layers,”
explains Invernici. “Even if we are not totally sure of where
the information is coming from - for example we might
want to use information from Google Earth — we can assure
ourselves that it is good enough by cross checking with sur-
vey information.”

This digital overlaying of information, enriches its collective
value, says Invernici. “It's time-consuming but worth the
effort. It expands the benefits you can get from all surveys
and information collected for different reasons.”

In Switzerland, Thomas Jesel, director of the tunnelling de-
partment for Amberg says that this ability to re-purpose
existing data is helping clients and designers with decision
making at the feasibility stages.

“We have quite a few projects where we are at a very early
stage. There is all this GIF data that is owned by cities and
countries, most of it public, that we can download and in-
clude it in our model. When we discuss alignments, it is a
very strong first tool to show which buildings we pass un-
der, whether there are any waste water pipes, sensitive gas
pipelines or fibre optic cables under the road and what kind
of parties would be affected by this alignment.”

In Geneva, says Jesel, the underground geology can be
downloaded in 3D, speeding up early phases. “We can find

ZeAida 4



out quite fast in early stages if we are below or above water
table and compare different alignments.

“Previously it took us weeks to get all this information and
more weeks to get the right information into drawings. Then
we had to produce longitudinal sections, cross sections, you
needed a lot of imagination. 3D was only in the head of
engineers. Now after two or three weeks you have the first
models and you can run them.”

But what is a bonus for one group of engineers might be a
negative development for others. Jesel outlines how this
faster access to underground geology could impact on geol-
ogists.

“Geologists sell experience,” says Jesel. “They have huge
archives from the last decades which are not public. If this
information is integrated into a huge 3D model of a city or
an area for a large infrastructure project, it will spread quite
easily and most probably be used for other neighbouring
projects. This will challenge the collaboration between civil
engineers and geologists.”

In other words, the geologists could lose the part of their
income stream that comes from selling data.
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WSP’s Northbound Metro Line Extension to Arenastaden in

Central Stockholm

Benefits emerge

Communication is perhaps the best-understood benefit of
working in 3D. It's far easier for an owner or a member of
the public to appreciate what a structure will look like if
they can see it and even walk through it.

Augmented reality (AR) adds another dimension. WSP has
an app which allows a planned structure to be seen in the
existing landscape, says Rudegran, so everyone can see
how the tunnel portal or shaft will impact visually.

3D and AR becomes more useful again when those who will
use a facility can really interrogate how what will be where
and how things might work. “Maintenance staff can see how
to walk around and how it will be built and maintained.
They can see things that a designer would probably never
know,” says Rudegran.

Clash detection is another often-quoted benefit. Details and
interfaces that can be fudged or avoided in 2D drawings are
exposed in 3D. Engineers sitting round a table can simply
see an interface issue or a clash, rather than all trying to
visualise it in 3D inside their heads.

For Rudegran, working with 3D and BIM is helping to create
more effective work flows. It can cut down on design time
during some phases because changes and impacts can be
more quickly communicated and calculated he says.

“Say a constructor is already on the works doing rock exca-
vation and you have a last-minute change. The workflow for
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getting out new data is much faster,” he says. “With the
coordination process being in 3D, it minimises design
flows.”

Feeding back real-time construction data can inform the
design of later elements of the work, he says: “During con-
struction, those on site can send back 3D scanning... so we
could see, for example, that we had a wedge failure that
caused the concrete amounts to go up because they had to
do cast-in-place work there. Then the structural engineer
already knows that, and can take it into account for the
structural design of the rebar.

“Looking even further we will be able to use scanning and
even photogrammetry to take a picture of the wall before
and after concrete is applied. As well as being a good check,
it feeds into as built drawings later on, rather than have to
work from hand-sketched drawings that you can barely
read.”

Amberg is already working with point clouds created by
laser scanning, most often to create 3D drawings of existing
structures. For example, it is making as-built 3D drawings
of a motorway in East Switzerland which is to be built over
to create space for above-ground development.

“Real time is just around the corner,” says Jesel. “The chal-
lenge in using it for checking the thickness of shotcrete, for
example, is that we need high levels of accuracy to check
the tolerances are right and that means we need a lot of
data.”

Where scanners were previously mounted on vehicles, sur-
veyors now have the options of using drones.

What the collection, sharing and utilisation of all this digital
data should mean is less risk. Ultimately this should offer
more cost certainty, and the ability for clients to reduce the
size of the contingency pot.

"It will allow us to reduce the cost, because a lot of the es-
calation factor you put into a price is for unknown elements
where there is a risk involved,” says Sarkar. “Some of the
other benefits related to clash detection and resolution,
clarity and visibility should also allow the contractor to re-
duce the price.”

Clark-Edwards doesn’t think we should be focussing solely
on capital cost reduction, reminding us that cost in opera-
tion is an important consideration for the owner. “Capex
represents a small percentage of the overall cost for the
operational lifetime of the asset. Having a structured ap-
proach to information management during the design phase
can leverage this extra value,” he says.

However, the reality for many organisations is that capex
and opex are very separate budgets, owned by different
and unconnected parts of an organisation. “The biggest
benefit of really going through the BIM process comes over
the lifecycle mainly in the phase where you use your infra-
structure but, in almost every project we have been in-
volved in, construction and maintenance are separated,”
says Jesel. “They are two different budgets. This makes
things difficult, because no one really has the big picture.”

Leading the way

Looking around the world, there’s a patchy picture of adop-
tion of BIM and digital technologies. Clark-Edwards, whose
role as BIM lead for Mott MacDonald takes him around the
world to projects and conferences says:

“My view in terms of maturity of process and standards, is
that the UK is leading. In terms of open standards, the Nor-
dics are leading. The Nordic countries conceive of their data
as open standards rather than any proprietary file format.”
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WSP’s Northbound Metro Line Extension to Arenastaden in

Central Stockholm - an alternative view

Some use open standards called IFCs (Industry Foundation
Classes), for BIM data exchange. COBie (Construction Op-
erations Building Information Exchange) is a data format,
more focused on asset handover data than geometry, in-
vented in the US and then developed in other countries in-
cluding the UK.

In most countries, it is the building rather than civil con-
struction sector that is furthest ahead with BIM. The Swe-
dish Transport Administration, Travikverket, has been push-
ing hard to encourage the uptake of BIM, mandating that it
should be used in all big investment projects from 2015. In
the UK big infrastructure owners such as Highways England,
Network Rail and Transport for London are working towards
a digital approach to data. But these are big beasts, and
change cannot happen overnight.

Sarkar sees the UK, parts of Scandinavia and some Middle
Eastern countries as the most-advanced in their use of BIM.
“It's also in demand in Singapore, Kuala Lumpur, Hong
Kong and Australia,” he adds. “There are bits and pieces in
the US, although the focus there has been primarily on the
building side.”

Sarkar has worked on a number of utility projects in the
Middle East, including the Doha Expressway Project, Qatar
Rail and Yas South in Abu Dhabi, where the owners had a
clear vision for using BIM right through from design and
construction into operation and maintenance. Though he is
based in India, he says that most of the projects he current-
ly works on are in the UK.

In Switzerland, says Jesel, the move to digital data is slower
with the impetus for change coming from Scandinavian pro-
jects. Amberg’s first BIM project was in Sweden around
2011. “That was at a very low level, compared to engage-
ment now-a-days,” says Jesel, of Stockholm Western By-
pass. “We had huge plans for what we wanted to do with
BIM but the whole industry was not ready at that time and
in the end, it was not much more than 3D modelling and
the extensive exchange of datafiles. We had to add conven-
tional documents.”

Today Amberg uses elements of BIM, frequently, but not for
an entire project. “We do not have one project where every-
thing is 100 percent BIM,” says Jesel. “*On most projects we
use BIM in some way, even if it is just for visualisation.” It's
important for Amberg to keep building the digital competen-
cies of its talented young engineers, he adds, and to keep
them interested and invested in the company.

In Sweden, WSP is working on two projects: Slussen, a new
bus terminal in Stockholm and the Northbound Metro Line
Extension to Arenastaden in Central Stockholm, which
Amberg is working on too. All the CAD geometry for these
projects must be in 3D, even the description of the rock
excavation. “There are a few others going on in Sweden,
but not to the same extent that I know of,” says Rudegran.
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Interoperability

Five years ago, people often cited interoperability — or ra-
ther the lack of it — as one of the biggest practical barriers
to wider uptake of BIM. Different software packages
couldn’t easily talk to each other and firms further down the
supply chain felt that if they invested in one particular soft-
ware package for one project, they might find themselves
with the ‘wrong’ software on the next one.

Software houses Autodesk and Bentley both offer solutions
for underground construction. *I have worked with both the
technologies and they both have pluses and minuses,” says
Sarkar, a civil engineer who worked as a senior developer
consultant for Autodesk before joining Hyder Consulting
which was later acquired by Arcadis. “Network Rail and
Crossrail are big customers of Bentley in the UK. But for
most of the upcoming rail projects, we see a lot of Autodesk
technology making an inroad.”

Is it “not that easy” to work between the two technologies,
says Sarkar. “Both have developed their own data struc-
ture. And while, at a basic level the data is interoperable, as
you add complexity — the ‘I’ or ‘information’ part of BIM - it
becomes more challenging to seamlessly share data be-
tween these two platforms.”

Jesel agrees: “It is difficult to exchange data between dif-
ferent design tools,” he says. "We don’'t have one AutoCAD
tool that can do everything including geotechnical calcula-
tions. We want to make different specialist tools talk to each
other without issues.”

There have been various initiatives to create standards that
allow operability. International organisation buildingSMART
(formerly the International Alliance for Interoperability) is
creating specific IFCs. Those for tunnelling are under devel-
opment. Rail sector ones already exist.

There used to be an ambition to have everyone working off
the same model. And though the software houses would still
have us believe it's a good plan, the concept of a one-size-
fits-all BIM model doesn’t work for Clark-Edwards: “As we
get more comfortable with the idea of a more data-centric
process the notion that you can use the same piece of au-
thoring software from feasibility through to operation and
maintenance is less credible. The power and the value will
be in how we connect the data.”

What the UK Government and buildingSMART want is a
greater focus on the data rather than the 3D model. “We
want to move to a more data-centric approach,” explains
Clark-Edwards. “Part of that is 3D geometry that can be co-
ordinated between multi disciplines for critical space prov-
ing. We must include all aspects of the supply chain in a
more genuinely collaborative approach to project delivery:
designer, manufacturer, assembler, contractor and opera-
tor.

“The digital data is originally conceived to describe the de-
sign, to ensure it complies with the relevant code, standards
and specifications. Further data is needed to support pro-
curement, and more again to support fabrication, assembly
and construction. Again more data is needed to support
operations and maintenance. To make this process more
manageable we connect - or federate - our disparate data
sets to leverage this value rather than view this information
model as a single entity.”

All that said, there are ways to get around interoperability
problems. Both Rudegran and Invernici are quite relaxed
about this issue: yes, it's a bit of a pain, but it can be done.

“"We have developed a work flow that is proficient and can

integrate both smart objects and the information in each
object, and it involves many programmes,” says Rudegran.
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“In the rock engineering discipline, we start in Bentley
Microstation which is our base platform. Other disciplines
working here use software such as Tekla, Revit, Civil 3D
which all have the common AutoCAD format DWG so every-
one can export to that. So we can build the model in
Microstation and export it to DWG. Inside that, in Civil 3D,
you can do all the coding, add all the BIM stuff and then
export to Navisworks or another collaboration platform.”

For Rudegran, the biggest barrier to wider uptake of BIM
and digital technologies is not practical but political: clients
must demand it.

“The first step is for clients to put it in the tender,” he says.
“And recently they have started to do that. If they are not
ready, it doesn’t matter how many beautiful 3D models or
examples you can do, if they don’t see the time profit or the
economic profit, they won’t do it.”
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Amberg’s model of the Lucerne highway bypass
Change is coming

Perhaps the biggest hurdle yet will be the switch to collabo-
rative ways of working. “The philosophy in markets with a
confrontational approach will have to change,” says Jesel.
“BIM is very collaborative, very open and very transparent.
On a daily and weekly basis, everyone can see what you
do.”

While the roles of engineer, surveyor and geologist will be
different in a few years’ time, Jesel predicts that managers
face the biggest upheaval. “In countries where management
is hierarchical, where it is always the boss who makes the
decision, managers will have to change dramatically be-
cause the designers looking at the models will have much
more weight. Managers will have to give them freedom to
work, trust them and guide them with methods other than
hierarchical ones.”

Earlier involvement of the wider supply chains will become
the norm, as structures and systems are designed around
the components, rather than the other way around. “It will
change completely how clients buy data and the information
that describes a design,” says Clark-Edwards. “It will com-
pletely disrupt how contractors take that data and buy the
bits they need to build the asset. It will disrupt the manu-
facturers and the component suppliers in how they deliver
not only their physical components but the data related to
their components.”

Invernici sees a future where site engineers interact directly
with models and information, rather than dealing through a
surveyor. This means that they will need surveying skills
and drawing skills. In Italy, says Invernici, education for
engineers is already quite holistic, including all these skills,
whereas in the UK roles tend to be compartmentalised.

As more functions become automated, whether that is car-
rying out repetitive design tasks or surveying an as-built
tunnel lining and feeding back the data, engineers should
have more time to analyse and manage.
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“The site engineer will be able to supervise and make sure
the quality and the control is adequate and they can do that
in real time,” says Bedi, contrasting that with the situation
now where a site engineer surveys the tunnel, takes the
results to a senior engineer and - if anything is wrong - has
to take the bad news back down to the miners at the work
face.

“Parametric design allows for 50 design iterations in the
time it would take an engineer to do two,” says Clark-
Edwards. “"However, the engineers must remain at the cen-
tre of the process and own the rule set for the algorithms
that the computer uses to develop the design.”

As for when we can expect these changes, everyone gave
the same prediction: within three to five years. Artificial
intelligence, big data, analytics, robotics drones; all these
technologies are out there already and they will become
commonplace overnight.

Mott MacDonald has an ambitious programme for transfor-
mation with its ‘Go Digital’ initiative which has a deadline at
the end of this year. "We recognise these tools, processes
and technology are not going away,” says Clark-Edwards.
“We cannot put the genie back in the bottle. We recognise
that we have been in the design business for 150 years and
want to build on that by using the best tools for the job and
to integrate them into our common way of working.”

Going digital is a daunting prospect for some, particularly
those who have not grown up with computers. Clark-
Edward’s advice is to take control of the technology and
process and make it serve your predefined purpose: “You
have to consider the technology as a tool set and treat it as
such. Don’t be a slave to the technology, put demands on
the technology and state exactly what you want it to do.”

The challenge of course is that, like the Black Cab drivers,
we may not know what wonderful new thing we want the
technology to do until someone else has actually done it.
Our ‘Uber moment’ could be just around the corner.

(Tunnelling Journal, February/March 2018, pp. 8-16)

ZeAida 7



Is ‘Innovation’ a Dirty Word in Tunneling?

It's well known in our industry that a certain billionaire en-
trepreneur named Elon Musk is now in the tunneling busi-
ness. Through his venture The Boring Company, Musk aims
to revolutionize tunnel boring. Some of Musk’s plans include
a 10-fold improvement in the cost per mile of tunneling,
and a more than 10-fold increase in TBM advance rates, to
be achieved by decreasing the tunnel diameter, and creat-
ing a high-powered, continuous tunneling and lining ma-
chine, among other things. In a statement on The Boring
Company’s website, “... there is virtually no investment in
tunneling Research and Development [in the United States].
Thus, the construction industry is one of the only sectors in
our economy that has not improved its productivity in the
last 50 years.” A harsh statement to be sure, but is it true?
And if it is, why? As The Boring Company was not available
for comment, NATJ] asked representatives from different
segments of the industry to weigh in on the state of innova-
tion.

Incremental Progress

“Yes, I agree that innovation is slow. This is in part because
of the form of the contract. Most projects in our industry are
Design-Bid-Build, with very prescriptive specifications. What
we find is that when it comes to a machine, it's already
been fully specified. Contractors are risk averse as to
whether or not an idea is going to work. There are certainly
different procurement models, such as Design-Build, where
the owner, engineer and contractor could sit down with a
concept and follow through with it. But in general, nobody
wants to go first,” said Steve Skelhorn, Project Sponsor for
contractor McNally Construction Inc. He added: “How we
innovate is also different than in other industries— in tun-
neling one project can last many years, so there are fewer
opportunities to try something new. Contractors are also
allowed to keep everything hidden. Things that don’t work
aren’t shared, and good ideas are not shared either.”

Bob Goodfellow, Senior Vice President of Aldea Services,
sees the state of innovation similarly. In Goodfellow’s recent
Insider column (NATJ] Oct/Nov 2017), he discussed his
views on Elon Musk’s The Boring Company and industry
advancement. He added to his original thoughts: “We al-
ways say contractors put their company on the line every
time they put in a project bid. They can try some new
things but it's going to be an incremental improvement—
maybe it's been proven successful elsewhere, for example,
so it's not an innovation globally. Musk, on the other hand,
can do what he wants. There is a natural reluctance in the
U.S. towards new technology. Owner agencies want to pro-
tect third parties and they take it very seriously, as they
should. If you try something tried and trusted, then at least
you tried something that has worked before and if it hap-
pens not to work on your project, then the government
agency is able to deflect blame. If something is new and
goes wrong, that brings significant exposure to the owner
agency. That’s the system that exists in North America right
now—there’s no real incentive in many cases to be innova-
tive. We live in a litigious society and in urban tunneling the
negative consequences can be extremely high.”

For Eivind Grgv, chief scientist at SINTEF and Professor of
Rock Engineering at Norway’s NTNU, the view of the inter-
national market is much the same. “First of all, let me say
this: I don’t believe that Musk can achieve a 90% cut in
tunneling costs as he says in his interview. However there
must be a way to achieve a certain cut in costs related to
increased advance by improving the mechanism of a rotat-
ing cutter at a rock face. We have made TBMs larger and
stronger, but in many ways the interface between the cutter
and the geology remains unexplored. This is where we can
achieve some progress, in better pre-treatment of the face
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to ease the job for the steel cutters and thus obtaining bet-
ter advance rate.”

Musk’s The Boring Company also aims to decrease the cost
of tunnel construction per mile by orders of magnitude,
through continuous mining, higher-powered TBMs, and oth-
er concepts.

Elon Musk’s The Boring Company has stated that it aims to
increase TBM advance rates by more than 10 times, beating
the average speed of a snail.

But Grgv added that the pace of innovation in tunneling, as
slow as it is, is simply a reflection of the nature of tunnel-
ing: “Innovation is slow, yes, and the tunneling industry is
quite conservative. There is a lot of risk taking involved in
tunneling, inevitably due to the uncertainty in ground condi-
tions. Meanwhile there is a lack of risk taking when it comes
to bringing new innovations into use on real projects for on-
site testing and experimenting. This may relate to the fact
that there are quite a few one-time tunnel owners, and
maybe not that many owners who are actually able to re-
use innovations on their next projects.”
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In the 1950s, the nascent tunneling industry was more
willing to accept the risk posed by concept machines
(pictured, a prototype machine that cut out the tunnel
circumference while the center was blasted out). How can
we create an atmosphere today that is more accepting of
innovations?

For John Reilly, industry consultant and President of John
Reilly Associates International, the slow rate of innovation
has a direct effect on productivity. “The U.S. construction
industry productivity has been essentially flat for decades,
whereas other industries have advanced substantially. Un-
derground construction costs have risen substantially for
decades, even adjusted for inflation. Just take a look at the
recent New York Times article [12/28/17, The Most Expen-
sive Mile of Subway Track on Earth], that listed New York
City subway projects such as the Second Avenue Subway
and East Side Access as costing between USD$2.5 and
$3.5bn per mile. Previous comparisons over 15 years ago

reported London’s Jubilee line at over $300million/ mile,
Paris metro at $150m and Madrid metro at $35m. Why such
a wide variation? Comparative examples from other coun-
tries and states would be useful. What are the key factors
that result in cost differences? For example, are unions the
cause, or social factors? The number of workers, or the
number of workers vs. supervisors?” Or, as is implied, could
the lack of innovative new technology be keeping costs
high?

McNally’s helical lining concept was inspired by post-
tensioning systems in beams and slabs of high-rise building
construction.

STEP2

STEP4

SIEPS

>

STEPS STEPG
McNally Construction Inc.’s post-tensioned helical lining
system eliminates the need for bolt connections between
segments and paves the way for continuous mining of the
TBM.

What is Innovation Anyway?

All the talk of slow progress begs a simpler question, how-
ever. How do we define innovation? “Almost every company
claims to be innovative, but every time you bring up an
innovation, someone else will say it's already been done. Is
anything truly innovative then, if everything has been done
before?” asked Goodfellow.

For Behzad Khorshidi, Engineering Manager at McNally Con-
struction Inc., innovation is what is new to the industry—
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meaning that it could come from another industry, and it
may be better accepted that way. "I believe the tunneling
industry has a moderate rate in innovation and has lots of
potential to grow faster. Undeniably new tunnels are being
constructed at deeper levels and higher ground and water
pressures and at larger diameters. But we don’t hear much
about improvement in the tunneling advancement rate! As
an example a decade ago while I was working in the high-
rise industry I recall how we could achieve construction of
two floors per week in a 107 story high-rise by utilization of
proper hydraulic slip form systems in columns and core
walls and post-tensioning systems in the beams and slabs in
order to remove their underneath forms earlier.”

Innovations are still moving forward— the FAST-Tunn pro-

ject at Norway’s SINTEF is a good example, identifying al-

loys that may substantially improve TBM cutting tool per-
formance.

Using this idea of post-tensioning systems, Khorshidi devel-
oped a new tunnel lining system aimed at “improving tun-
neling and shaft construction technologies so we can con-
struct tunnel projects faster with higher quality and more
economically.” Based on the post-tensioning (PT) systems
employed in the construction of concrete beams and slab,
Khorshidi developed the new system for precast segmental
lining in tunnels and manholes.

As Khorshidi explained: “Post-tensioning of the helical seg-
mental lining is an advanced, patented tunneling method
that eliminates the necessity of expensive and time-
consuming bolt connections between the segments and
would provide possibility of continuous mining of the TBM
without required stops for segment installation, even in soft
soil tunnels. In the helical PT system the load induced by
the stressed PT strand will be applied in both the circumfer-
ential and longitudinal directions, effectively pulling the tun-
nel structure together. The segments are universal and the
PT strand is inserted into the leading circumferential edge of
the segments.” Such a system could improve a tunnel’s
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structural resistance, quality, and safety at significantly
lowered costs.

Barriers toward Acceptance

Despite the promise of new concepts like McNally’s PT sys-
tem, there are clear barriers to getting them accepted in the
industry. “We have done some trials and tests of post-
tensioned segments, but where can we actually try this? We
are not the Engineer-of-record on our projects, so we have
to convince the consultant that it will work. To do that, we
would submit a value engineering proposal. But this could
be difficult because the with an initial learning curve, and if
it doesn’'t work then we carry all the responsibility for it,”
said Skelhorn. He added “But you have to try. If you don't
try you'll never know if it works. I know in some other mar-
kets such a Germany they have projects that are specified
as R&D and covered by grants. This would be a good thing
to see in our industry.”

“Owners are more afraid of the risk cost overruns than see-
ing the options for cost and time savings. But this is not in
their best interest - HEP - developments are run by time,
for example. That is to say that the earlier the construction
is completed the earlier production of electrical power can
start, and running the turbines earlier than scheduled
means starting income earlier also,” said Grgv.

Reilly added that risk aversion is a complex part of the
problem: “There is a fear of litigation as a result of innova-
tion that adds risk from a new tunneling method—risk here
means in terms of cost and schedule as well as to contrac-
tor or owner reputation. There is also a fear that the inno-
vation may not result in added value or profitability. Over-
all, lack of leadership in the industry is a problem. Who will
experiment, develop and test new processes that add capa-
bility and value?”

For Goodfellow, innovation and risk—at least in terms of
contractual risk allocation— don’t necessarily go hand-in-
hand: “Innovation should be done outside of the contract
document. It's hard enough to get the contract clear and
correct, without trying to anticipate any and all innovative
developments and ideas. Risk allocation is complex, and the
parties involved with design need to concentrate on getting
the base contract right. Innovation could be added as a
value engineering clause or an alternative technical concept,
but then it's up to the project team to pursue whether they
want it or not. If you can show all parties get savings and
prove that it works, then there is incentive there to try the
concept. At that point, the work and new concept can be
incorporated into the contract more easily.”

"...the system may cost more money with an initial learning
curve, and if it doesn’t work then we carry all the responsi-
bility for it. But you have to try. If you don‘t try you'll never
know if it works. I know in some other markets such a
Germany they have projects that are specified as R&D and
covered by grants. This would be a good thing to see in our
industry."

Steve Skelhorn, Project Sponsor for contractor McNally Con-
struction Inc.

Key Advances

While there are many hurdles for new technology to clear,
the news is not all grim, particularly with regards to the
structure of the industry itself. Reilly cited several key ad-
vances in the last few decades of the tunneling industry:
"“TBM advances have been continuous and beneficial in
terms of added value, safety and productivity (for decades),
including the use of integrated and automated systems.
New contractual forms such as alliancing and the emer-
gence of design-build have added value and schedule com-
pression, and improved delivery processes. Finally the use
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of a baseline GBR, dispute review boards, and partner-
ing/team alignment techniques can reduce risk and conflict
on current tunneling projects.”

This idea of industry advancement was seconded by
Goodfellow: “Through structures like alliance contracting,
some innovations are easier to co-engineer and get through
the process. Some owners are also taking steps to include
more value engineering. For example at the Los Angeles
Metro, the owner has created a Department of Innovation.
They are actively pursuing and approving many innovations
under their Value Engineering Proposal clauses in their de-
sign build projects.”

But what of technological advancement? Concepts abound,
particularly as supported through academic research pro-
grams. Grgv’'s FAST-Tunn project aims to identify and de-
velop various steel qualities for cutter tooling; namely high
hardness and ductility, which in itself is a contradiction.
Cutters are subject to extreme loading, both in static and
dynamic mode caused by the TBM itself, while the abrasive
characteristics of the rock mass will cause abrasion on the
steel cutter. “We have tested six different alloys so far—two
of these are interesting for further work, and may involve a
potential gain for the steel manufacturer and end-users.
One custom alloy developed by FAST-Tunn was a medium
to high chromium cast steel that, combined with a special
heat treatment, has shown a potential for operation in TBM
conditions.” Such research could prove invaluable as long as
it can be tested and corroborated in the field.

Is Innovation for the Billionaires?

With all of the obstacles in the way of significant innovation,
it may seem that the truly radical design concepts must be
left to the billionaire entrepreneurs who take an interest in
our industry. But leaving it to the billionaires is not without
risk, says Goodfellow: “Musk can’t do a whole lot without
guidance and there are people he’s working with in our in-
dustry, for engineering, buying equipment, etc. He’s shying
away from industry conferences and other opportunities,
which I think is a shame. If he manages to pull off his goals,
that will be an interesting time. Does he keep it all to him-
self and just build his hyperloop, or share his advancements
with the wider industry and reduce the cost of metros, CSO
tunnels, and other public works? Does he help others at
that point or just underbid with his new technology and put
everyone else out of business?”

For Skelhorn, innovation can still be done in the industry
itself, it just takes a willingness to change: “Industry can
innovate itself, but it takes education among owners, sup-
pliers, and contractors. It's a dog- eat-dog world right now,
and it's moved away from the work and what we’re trying to
achieve. Musk’s vision is on the end product—the rapid
movement of people. He is changing the mindset. In our
industry we have to go through approvals. It's a slow pro-
cess but it is changing. Several projects in Canada and in
California’s Silicon Valley are looking at innovation. There
are other contractor involvement models where innovation
is more readily accepted.”

Grgv agrees that change is possible, though not easy: “We
need generous owners, creative contractors, open-minded
and competent consultants, innovative suppliers, and new-
thinking academia. To be able to bring the industry forward
we have to have a value chain that follows this kind of path.
A tunnel project is a project where these participants are
linked together and interact daily. This requires that the
participants are highly professional and are open-minded
enough to think out of the box and find new solutions.
Technical specifications and requirements must be clear and
unambiguous, and the attitude must not be governed by
each party’s own interests above all else.”
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(North American Tunneling Journal, February/March 2018,
pp. 18-22).
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Franz Pacher 1919-2018
In memory of an outstanding engineer and man

Kolloquium
2008

=\ Osterreichische
«Ga, Gesellschaft fiir

Geomechanik

Professor Franz Pacher, pioneer of rock mechanics and
modern tunnel construction, has passed away in his
hometown Salzburg on the 3rd of March 2018 at the age of
98.

Franz Pacher was born in 1919 in Mittelsuchau, now
Prostfedni Suchd in the Czech Republic. He grew up in Graz,
Austria, where he also completed his schooling, military
service and, between 1939 and 1943, his study of civil en-
gineering at the Graz University of Technology. From 1943
to 1945 he worked as a scientist in the hydraulic engineer-
ing department. From 1945 to 1952 he was a construction
manager for hydroelectric power plants in Austria.

Franz Pacher moved to Salzburg in 1952 and started work
in Dr. Leopold Miiller’'s Office for Geology and Civil Engineer-
ing. 1952 was also the first year in which a colloquium to
improve the mutual understanding of geology and construc-
tion was held, albeit the number of delegates did not ap-
proach 1000 as it does today, and Dr. Mdller’s living room
was an adequate venue. Rapid advances in the field of rock
mechanics were made in the following years, in which
Pacher und Miiller played decisive roles. In parallel, collabo-
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ration with L. v. Rabcewicz lead to the development of
modern tunnelling in the form of the "New Austrian Tunnel-
ling Method”.

Particular achievements of Pacher are in the area of funda-
mental research, for example the definition of planar and
volumetric proportions of discontinuities and the ground
reaction curve. In a 1964 publication, Pacher demonstrated
for the first time a method for prediction and graphical rep-
resentation of the interaction between ground pressure and
tunnel support loading (the Pacher-Fenner curve). This was
based on measurements of deformations and led to the
development of the convergence-confinement method. In
2009 Pacher extended this representation to a diagram
showing the time-dependency of both ground pressure and
deformation.

Franz Pacher was a founding member of the International
Society for Rock Mechanics (ISRM) in 1962 and the Austrian
Society for Geomechanics in 1968, both in Salzburg. He was
also leader of an internationally active engineering compa-
ny, a researcher and teacher at the Technical Universities of
Munich and Vienna and an honorary member of several
institutions in the fields of rock mechanics and tunnel con-
struction. Furthermore, his 45-year career gave us 60 lec-
tures and publications. Further information on Franz Pacher
and the founding of the ISRM is available in an interview
with him on the 50th anniversary of the founding of the
ISRM (http://www.isrm.net/gca/?id=1110).

We will always hold this outstanding engineer and man in
great respect and wish that he may be an example to us
and to future generations.

Wulf Schuber

A tribute to Prof. Don Deere, 1922-2018

Regrettably Prof. Don U. Deere left us on January 14th at
the age of 95. He had hardly recovered from a fall a few
months earlier. His passing, however, leaves very good
memories for his former students, assistants, colleagues
and clients. Five years ago, when he was celebrating his
90th birthday, we were invited by his son Don W. Deere and
daughter to Gainesville, Florida, to a memorable ceremony,
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while Prof. Deere was still very active. His last years after
he recovered almost totally from a stroke were spent golf-
ing, dancing, etc. at his glamourous retirement resort.

He represented a very important milestone for Engineering
Geology and Rock Mechanics in his activities at the Universi-
ty of Illinois, Champaign-Urbana Campus, in the 60s and
70s. Together with Prof. Ralph Peck, they led and pioneered
Geotechnics and Rock Mechanics in the USA. His area of
expertise covered Civil Engineering (Ph.D), Mining (B.S.)
and Geology (M.Sc.). My own impression is that Prof. Deere
was a man who was very kind and respectful of his students
and colleagues whom he encouraged the most. Moreover,
he was a man who knew how to utilize the potential of his
assistants to make them grow together with him. This re-
sulted in a formation of a group of very talented colleagues,
such as Ron Heuer, Alfred J. Hendron, Ed Cording, Frank
Patton, and later Gabriel Fernandez, among others who
were not of my time. Among his former students, you can
find many engineers and geologists who reached senior and
influential positions, like Andy Merritt (his consulting part-
ner), Ray Miller, Harvey Parker (President of ITA), Jim Coul-
son (Chief Engineer at TVA), Ray Benson and Bob Conlon
(Both Geotechnical Department Heads at Acres), Brian Sin-
clair, Sergio Brito, Alan Smallwood, Jim Gamble, Alberto
Nieto, Jim Mahar and many others including the author of
these lines. After many years at the University of Illinois, he
moved to the University of Florida where he could devote
more time to his consulting practice.

He was a recognized expert in Engineering Geology and
Rock Mechanics and has the great merit of integrating Geol-
ogy in Geotechnical and Geomechanical projects. He con-
sulted on numerous dams, mining, tunnels and other un-
derground projects for the US government, contractors and
design engineering companies all over the world. Many of
these projects involved precedent structures such as the
Churchill Falls hydroelectric project in Labrador, Canada and
the World Trade Centre in New York city. He also acted as a
member of the Board of Consultants in many other large
projects around the world. In Brazil he made very important
contributions as a member of Board of Consultants for the
following hydroelectric projects: Itaipu, Agua Vermelha,
Sobradinho, Itaparica, Paulo Afonso, Itumbiara, Sao Felix,
Altamira and others. His first mission in Brazil was to help
me on the design of the final slopes of the Caué Open Pit
Mine, in 1972.

His experiences in the field became teaching material for his
classes. He wrote and co-authored numerous papers and
was, of course, the inventor of the rock mass assessment
tool, the RQD. Together with Giovanni Lombardi, he invent-
ed the GIN method of grouting. He was Chairman of the US
Nuclear Waste Technical Review Board. He was the Presi-
dent of the Commission on Standardization of Laboratory
and Field Tests of the ISRM from 1968 to 1973. He received
numerous distinctions throughout his career including being
elected to both the National Academy of Engineering and
the National Academy of Sciences. He was also a consum-
mate joke teller.

Milton Kanji
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Ma TIG NaAaIOTEPEG KATAXWPNOEIG NEPITTOTEPEG NMANPOPOPI-
€G pnopoUv va avalntnBouv oTta nponyoUueva TeUXn Tou
«MePIOdIKOU» KAl OTIG NAPATIBEUEVEG I0TOOEAIDEG.

micro to MACRO - Mathematical Modelling in Soil Mechanics,
May 29 - June 1, 2018, Reggio Calabria, Italy,
www.microtomacro2018.unirc.it

GeoReinforcement Workshop, 4 - 5 June 2018, Munich,
Germany, https://igs.wufoo.com/forms/q10dk31u19dx00v/

International Conference on Deep Foundations and Ground
Improvement - Urbanization and Infrastructure Develop-
ment: Future Challenges, June 5-8, 2018, Rome, Italy,
www.dfi.org/dfieventlp.asp?13310

GeoBarrier Workshop, 6 - 7 June 2018, Munich, Germany,
https://igs.wufoo.com/forms/q10dk31u19dx00v/

XVI Danube-European Conference on Geotechnical Engi-
neering: Geotechnical Hazards and Risks: Experiences and
Practices, 7 - 9 June 2018, Skopje, Former Republic of Yu-
goslav www.decge2018.mk

16th European Conference on Earthquake Engineering
(16"ECEE), 18-21 June 2018, Thessaloniki, Greece,

www.16ecee.org

CPT'18 4th International Symposium on Cone Penetration
Testing, 21-22  June 2018, Delft, Netherlands,

www.cpt18.org

PATA DAYS 2018 - 9th International INQUA Meeting on
Paleoseismology, Active Tectonics and Archeoseismology,
24-29 June 2018, Chalkidiki, Greece,
www.patadays2018.org

NUMGE 2018 9th European Conference on Numerical Meth-
ods in Geotechnical Engineering, 25-27 June 2018, Porto,
Portugal, www.numge2018.pt

RockDyn-3 - 3rd International Conference on Rock Dynam-
ics and Applications, 25-29 June 2018, Trondheim, Norway,
www.rocdyn.org

ICOLD 2018 26™ Congress - 86" Annual Meeting, 1 - 7 July
2018, Vienna, Austria, www.icoldaustria2018.com

9th International Conference on Physical Modelling in
Geotechnics (ICPMG 2018), 17-20 July 2018, London, UK,
www.icpomg2018.london

ICSSTT 2018 - 20th International Conference on Soil Stabi-
lization Techniques and Technologies, July 19 - 20, 2018,
Toronto, Canada,
https://waset.org/conference/2018/07/toronto/ICSSTT

GeoChine 2018 - 5th GeoChina International Conference
Civil Infrastructures Confronting Severe Weathers and Cli-
mate Changes: From Failure to Sustainability, July 23-25, ,

HangZhou, China, http://geochina2018.geoconf.org
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UNSAT2018 The 7™ International Conference on Unsaturat-
ed Soils, 3 - 5 August 2018, Hong Kong, China,
www.unsat2018.org

China- Europe Conference on Geotechnical Engineering, 13-
16 August 2018, Vienna, Austria, https://china-euro-
geo.com

CRETE 2018 6th International Conference on Industrial &
Hazardous Waste Management, 4-7 September 2018,
Chania, Crete, Greece, www.hwm-conferences.tuc.gr

EUCEET 2018 - 4th International Conference on Civil Engi-
neering Education: Challenges for the Third Millennium, 5-8
September 2018, Barcelona, Spain,
http://congress.cimne.com/EUCEET2018/frontal/default.asp

SAHC 2018 11th International Conference on Structural
Analysis of Historical Constructions "An interdisciplinary
approach", 11-13 September 2018, Cusco, Per(
http://sahc2018.com

26th European Young Geotechnical Engineers Conference,
11 - 14 September 2018, Reinischkogel, Austria,
www.tugraz.at/en/institutes/ibg/events/eygec

11th International Conference on Geosynthetics (11I1CG), 16
- 20 Sep 2018, Seoul, South Korea, www.11icg-seoul.org

CHALK 2018 Engineering in Chalk 2018, 17-18 September
2018, London, U.K., www.chalk2018.0rg

International Symposium on Energy Geotechnics SEG -
2018, 25-28 September 2018, Lausanne, Switzerland
https://seg2018.epfl.ch

HYDRO 2018 - Progress through Partnerships, 15-17 Octo-
ber 2018, Gdansk, Poland, www.hydropower-
dams.com/hydro-2018.php?c id=88

GEC - Global Engineering Congress Turning Knowledge into
Action, 22 - 26 October, London, United Kingdom,
www.ice.org.uk/events/global-engineering-congress

ARMS10 - 10th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 29 October - 3 November 2018, Sin-

gapore, www.arms10.org

ACUUS 2018 16th World Conference of Associated research
Centers for the Urban Underground Space “Integrated Un-
derground Solutions for Compact Metropolitan Cities”, 5 - 7
November 2018, Hong Kong, China, www.acuus2018.hk

International Symposium Rock Slope Stability 2018, 13-15
November, 2018, Chambéty, France,
www.c2rop.fr/symposium-rss-2018

GeoMEast 2018 International Congress and Exhibition:
Sustainable Civil Infrastructures, 24 - 28 November
2018, Cairo, Egypt, www.geomeast.org

WTC2019 Tunnels and Underground Cities: Engineering and
Innovation meet Archaeology, Architecture and Art
and ITA - AITES General Assembly and World Tunnel Con-
gress, 3-9 May 2019, Naples, Italy, www.wtc2019.com

14th international Conference “Underground Construc-
tion”, 3 to 5 June 2019, Prague, Czech Republic,
WWW.Ucprague.com

2019 Rock Dynamics Summit in Okinawa, 7-11 May 2019,
Okinawa, Japan, www.2019rds.org

Underground Construction Prague 2019, June 3-5, 2019,
Prague, Czech Republic, www.ucprague.com
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VII ICEGE ROMA 2019 - International Conference on
Earthquake Geotechnical Engineering, 17 - 20 June 2019,
Rome, Italy, www.7icege.com

ICONHIC2019 - 2nd International Conference on Natural
Hazards and Infrastructure, 23-26 June 2019, Chania, Crete
Island, Greece, https://iconhic.com/2019/conference

IS-GLASGOW 2019 - 7th International Symposium on De-
formation Characteristics of Geomaterials, 26 - 28 June
2019, Glasgow, Scotland, UK, https://is-
glasgow2019.0org.uk

cmn 2019 -Congress on Numerical Methods in Engineering,
July 1 - 3, 2019, Guimardes, Portugal, www.cmn2019.pt

For additional information, please contact the secretariat of
the congress, Ms. Lara Leite

CMN2019, Universidade do Minho, Departamento de
Engenharia Civil, 4800-058 Guimarades - Portugal

Email: cmn2019@civil.uminho.pt

Telephone: +351 253 510 748

Fax: +351 253 510 217

The 17th European Conference on Soil Mechanics and Ge-
otechnical Engineering, 1% - 6™ September 2019, Reykjavik
Iceland, www.ecsmge-2019.com

14th ISRM International Congress, 13-18 September 2019,
Iguassu Falls, Brazil, www.isrm2019.com
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XVII African Regional Conference on
Soil Mechanics and Geotechnical Engineering
07-10 October 2019, Cape Town, South Africa

The South African Institution of Civil Engineering cordially
invites all our colleagues from Africa and beyond to attend
the 17th African Regional Conference on Soil Mechanics and
Geotechnical Engineering.

Hosted in one of the continent's most iconic cities, this con-
ference will serve practitioners, academics and students of
all geotechnical backgrounds. The conference will take place
at the Cape Town International Convention Centre (CTICC)
offering world class conferencing facilities in the heart of
South Africa's mother city and will offer extensive opportu-
nities for Technical Committee Meetings, Workshops, Semi-
nars, Exhibitions and Sponsorships. Exciting Technical Vis-
its, including tours to the famous Robben Island, await.

The 7th African Young Geotechnical Engineers' Conference
(8 — 10 October 2019) will commence on 8 October 2019,
the day following the African Regional Conference (ARC)
opening. The conference venue will be shared with the ARC
delegates to initiate dialogue between junior and senior
engineers while young geotechnical engineers acquaint
themselves with the industry standards, new geotechnical
developments and resources available to further their ca-
reers. The YGE conference provides an approachable audi-
ence within a vibrant environment where young presenters
under the age of 35 are encouraged to exercise their
presentation and technical writing skills on a continental
platform.

Organiser: SAICE
Contact person: Dr Denis Kalumba
Email: denis.kalumba@uct.ac.za
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XVI Asian Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 21 - 25 October 2019, Taipei, China
www.16arc.org

XVI Panamerican Conference on Soil Mechanics and Ge-
otechnical Engineering, 18-22 November 2019, Cancun,
Quintana Roo, Mexico,
http://panamerican2019mexico.com/panamerican

3

YSRM2019 - the 5th ISRM Young Scholars’
Symposium on Rock Mechanics
and
REIF2019 - International Symposium on Rock
Engineering for Innovative Future
1-4 December 2019, Okinawa, Japan

Contact Person: Prof. Norikazu Shimizu, jsrm-
office@rocknet-japan.org

3

Nordic Geotechnical Meeting
27-29 May 2020, Helsinki, Finland

Contact person: Prof. Leena Korkiala-Tanttu
Address: SGY-Finnish Geotechnical Society,
Phone: +358-(0)50 312 4775

Email: leena.korkiala-tanttu@aalto.fi

(C2 4.0

EUROCK 2020
Hard Rock Excavation and Support
June 2020, Trondheim, Norway

Contact Person: Henki @degaard,
henki.oedegaard@multiconsult.no
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www.eurogeo?.org

We are pleased to invite you to the 7th EuroGeo conference,
to be held in Warsaw, Poland in 2020. Poland is a country
with more than a thousand years of recorded history and
has a strong European identity. The country was first to free
itself from communist domination in 1989 and is now fully
democratic and a member of the European Union. Poland is
a leader in infrastructure development in the region, which
has resulted in many extraordinary projects. Warsaw, with
its central location, is an ideal base for exploring the coun-
try. Today, the city is a dynamic cultural and business cen-
tre, with strong links not only to Western Europe but also to
the East. PSG-IGS, a Polish Chapter of IGS is young but
thriving organization successfully cooperating with several
chapters within Central Europe. It is an honour to host such
a prestigious conference in Warsaw and We sincerely be-
lieve that the sessions will prove to be a success. Come to
Warsaw, bring your family and enjoy your stay in our capi-
tal and help us to make this Conference not only scientifi-
cally profitable but also an unforgettable event.

Contact: eurogeoZinpoland@gmail.com

3 O

6th International Conference on Geotechnical
and Geophysical Site Characterization
07-09-2020 + 11-09-2020, Budapest, Hungary
www.isc6-budapest.com

Organizer: Hungarian Geotechnical Society
Contact person: Tamas Huszak

Address: Muegyetem rkp. 3.

Phone: 0036303239406

Email: huszak@mail.bme.hu

Website: http://www.isc6-budapest.com
Email: info@isc6-budapest.com
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How Crossrail was affected by the curvature of
the earth

Crossrail’'s tunnels under London are long, so long that
when they were being planned, they were affected by
something you might not expect — the curvature of the
earth.

Knowing how the curvature of the earth is going to affect
your new tunnels is quite important, otherwise the tunnels
don't line up when they meet. Worse, in some of the really
tight spaces between older tunnels, you can end up drilling
right into them. That would be embarrassing.

When the current Crossrail scheme was developed in the
1990s, the planners used maps based on the Ordnance
Survey National Grid reference system (BNG), but this
turned out to be too crude a measure for the accuracy
needed by Crossrail.

It's not that Crossrail couldn't have been dug using it, as
obviously older tunnels were dug before modern maps, but
there would have been risks of misalignment and a lot more
time/money would have had to be spent surveying the tun-
nels to make sure they pointed in the right direction.

In addition, interfaces between Crossrail and existing infra-
structure as owned by Network Rail and London Under-
ground would need to fit within tighter modern engineering
tolerances.

Had they used normal “street maps”, then Crossrail tunnels
could have been seen deviations of up to 20cm per kilome-
ter of tunnel — due to the curvature of the earth. Maybe not
a huge issue in some places, but that could have been cata-
strophic in central London as the Crossrail tunnels squeezed
between gaps in other tube lines, sewers and modern foun-
dations.

For example, Tottenham Court Road had a gap so tight that
had they not adjusted for the curvature of the earth, the
tunnel boring machine that left Paddington would have been
sufficiently out of place by the time it arrived, that the cut-
ting head might have drilled through the Northern line tun-
nels.

So Crossrails’s maps needed to adapt for the curvature of
the planet.

N - Sl el

How is this possible?

If you've ever peeled an orange then tried to lay the peel
flat on a surface, you’ll appreciate how difficult it is to rep-
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resent a curved surface on a sheet of paper - and maps
have long had various ways of adjusting their maps to allow
for that.

There are numerous mathematical solutions, each with their
own way of working out where X marks the spot. Thanks to
that, the various different systems of latitude and longitude
in common use today can disagree on the coordinates of a
location by as much as 200 metres.

If that seems excessive, then pop along to Greenwich and
stand on the Prime Meridian, and pull out a GPS receiver.
It’'ll tell you that you're 102 meters to the east of the merid-
ian, because it uses a different mapping system to old pa-
per maps.

The figure below shows three points that all have the same
latitude and longitude, in three different coordinate systems
(OSGB36, WGS84 and ED50). Each one of these coordinate
systems is widely used and fit for its own unique purpose,
and none of them is intrinsically wrong, yet they all disagree
about where a specific location on the planets surface
should be shown on a flat map.

The differences between them are just a result of the fact
that any system of ‘absolute coordinates’ is always arbi-
trary.
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Figure 1: three points with the same latitude and longitude
in three different coordinate systems. The map extract is
200 metres square.

When digging a tunnel under London though, such differ-
ences are no longer so arbitrary. In fact, they can be criti-
cal.

For a project as large as Crossrail, the National Grid’s use of
a single scale factor to represent a curved planet on a sheet
to account for the distortions was too rough a measure-
ment.

To reduce the scale distortion, Crossrail made use of a cus-
tomised projection with a meridian that runs through cen-
tral London. That reduced the scale distortions from an av-
erage of 20 cm per kilometer drilled to just 1 mm per kilo-
meter.

This became London Survey Grid (LSG).

This in turn caused another problem in that they now had
two different sets of measurement data and conversion

>eAida 17


https://www.ianvisits.co.uk/blog/wp-content/uploads/2018/03/map-coords.jpg

rules were developed to ensure that plans based on the
British National Grid could be reliably converted into the
new more accurate format.

Eiolcl

" ... London Survey Grid 7

[

A number of mapping zones were created for Crossrail,
each with corrective parameters to help to adjust for the
curvature of the ground, which could then be used to trans-
late between the LSG and BNG.

Adoption of the curvature correction ensured that all the
design and construction data was created within a real-
world context and allowed for a greater ease of interopera-
bility between computer aided design and the mapping sys-
tems.

All this was needed because the Crossrail tunnels are long
enough to be affected by the curvature of the earth.

It's also one of the many legacies that Crossrail will leave
behind — a more accurate map of London for use by future
engineers, maybe building for example, Crossrail 2.
Sources:

Topographical Surveys and Mapping

Surveying for Engineers by J. Uren, W.F. Price

A guide to coordinate systems in Great Britain
Building a Spatial Data Infrastructure for Crossrail
Snake Grid

GIS and Information Management on Crossrail C122 Bored
Tunnels contract

Channel Tunnel Construction

(IanVisits, March 6, 2018,
https://www.ianvisits.co.uk/blog/2018/03/06/how-crossrail-
was-affected-by-the-curvature-of-the-earth)
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State of emergency after landslide destroys
over 100 homes, Peru

The Peruvian government declared a state of emer-
gency for the district of Llusco in the department of
Cusco last week after a massive slow-moving land-
slide destroyed over 100 homes and other structures.
There are no reports of injuries and IGP said such
events are common in this mountainous region after
very heavy rains.

Residents of the town of Lutto in the district of Llusco first
reported the event on February 23, after very heavy rains
hit the region.

The president of the Peru Geophysical Institute (IGP), Her-
nando Tavera, said that the landslide was caused by a satu-
ration of water in the earth and not by an earthquake.

The town of Lutto is situated at the bottom of a slope in a
mountainous area.

PROYVECTO:
ANALISSS 0% DESORMACION CORTCAL
BN PALLAS AGTHAS
REGION CUSC0

;;;;;

"Over 30 hectares [74 acres] of earth has moved, causing
widespread alarm among residents," Tavera said.

More than 100 homes were destroyed, a school, a clinic,
and numerous fields and roads.

FALLA GEOLOGICA / DESASTRE NATURAL DISTRITO DE
LLUSCO DE LA PROVINCIA DE CHUMBIVILCAS - CUSCO
https://www.youtube.com/watch?v=Q4 xDRi0Zic

La tierra se ABRE iInicios de fin del mundo? Cusco Peru
2018 https://www.youtube.com/watch?v=r7CkoDRIOy4

CUSCO: LA TIERRA SE ABRE EN CHUMBIVILCAS
https://www.youtube.com/watch?v=walilLt4PW 0

The state of emergency will last 60 days, with the aim of
bringing aid to hundreds of displaced.

(THE WATCHERS, March 09, 2018,
https://watchers.news/2018/03/09/state-of-emergency-
after-landslide-destroys-over-100-homes-peru)
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Landslide destroys 6 homes in Hrvatska
Kostajnica, Croatia

Heavy floods and landslides are affecting parts of
central Croatia two weeks after record-breaking snow
paralyzed the region. At this time, the worst affected
is the city of Hrvatska Kostajnica (population 2 700)
where heavy floods and landslides resulted in the de-
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struction of several homes and at least 3 people in-
jured.

The landslide that hit the city on Tuesday, March 13, 2018,
resulted in the destruction of at least 6 houses, but experts
said they expect additional activity in this area and more
structures could be damaged or destroyed. Locals say this
mountain is known for landslides and that government
should never have allowed homes to be built there.

Several people were injured in today's landslide, but there
were no casualties, the police said.

Luckily, the slide took place during daylight and was ac-
companied by loud rumbling noise, giving residents audible
alert and several precious moments to escape. Some of
them escaped just before their home collapsed.

Snimke urusavanja. Evakuirano 10ak kuca.
#nlinfopic.twitter.com/KAYzZbAulqg

Ana Mlinari¢ (@Ana_Mlinaric) March 13, 2018

Authorities declared a state of emergency for the city earlier
in the day after Una River broke its banks, flooding homes
and streets.

The situation is also critical around Hrvatska Kostajnica, in
the city of Karlovac, the city on four rivers and home to
more than 55 000 people, as well as in Letovanic, south of
capital Zagreb. While rivers running through Hrvatska
Kostajnica and Karlovac are peaking today, some regions
such as Jasenovac and Frkasic are still preparing for the
worst.

It is important to note that many residents of the city of
Karlovac claim they are victims of irresponsible urban plan-
ning and that government should never have allowed
homes to be built in flood-prone areas. Many homes, for
example, were allowed to be built in dry riverbeds.

(THE WATCHERS, March 13,

2018, https://watchers.news/2018/03/13/landslide-
destroys-6-homes-in-hrvatska-kostajnica-

croa-

tia/?utm source=feedburner@utm medium=email&utm ca
mpaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+
-+watching+the+world+evolve+and+transform%29)

(C- 4R -0

Chronology of major tailings dam failures
(from 1960) (last updated 30 Mar 2018)

Note: Due to limited availability of data, this compilation is
in no way complete

http://www.wise-uranium.org/mdaf.html
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'Hxo1 TnG yng

Ta pnaoa Kai Ta NpiHa TOV CEICH®OV

Ti eudpeoTo Ba pnopoloe va napaxdei anod Toug TPOHAKTIKO-
U¢, yia TV nAsiowneia Twv avepwnwy, oEiIohous; Mia pou-
oIkn peAwdia. O1 wuxpaipoTepol -an' O,TI EUEIG- TEIGUHOAOYOI
KATAPEPAV va ouvBETOUV POUTIKR, availlovTag TIC ouxvoTn-
TeG OlIAPOPWV CEICUOYPAPNUATWVY Kal ENITAXUVGIOYPAPWY,
ME anOTEAECUA va aAMoOTUMN®OOUV T «PWVA» TNG YNG WG
NEAyuaTikn HOUCIKN, EEXwpPIOTr Ot KABe oeiopikn ddvnaon,
oav pia gnavrta nou nailel ouyXpovioueva, PE nxeio To idio
TO «OOMPA» TOU NAAVATN Hag.

O oeiopdg Tou Landers Tng KaAigpopviag (To 1992) -nou yia
TAV E€NIOTAMN TNG OsiopoAoyiag anoTéAece oTabuod eEaitiag
TOV NOAAQDV VEWV HEBOdWV Nou epapudoTnkav- ATav on-
MavTIKOC Kal yia €vav akoun Aoyo. 'Htav and Toug mpwToug
oglopoUG Nou peTaTpdannkav o€ OIAENTO MOUGIKO KOWMATI,
nou Aéyeral OTI poiddel Ye Tn Pouaikr pok (rock = NETpwa).
3TN OUVEXEId akoAouBnoav MOAAEG akOUn AnOTUMNWMOEIG TWV
HEAWDIK®WV fXwV nou napdyouv ol OSIoWoi, Ta pRypaTa kai
ol neaicTeiakoi gsioyoi and diagopa Mewloyika IvoTiTouTa
(n.x. n Apepikavikn rewAoyikn Ynnpeoia USGS) kal navenio-
TAuia (n.x. Berkeley, KaAipopvia).

'ONw¢ KABe OEIOUOC €XEl TNV MPOCWMNIKOTNTAG TOU WOTE va
HNV gival 0polog Je kavévav dAAo, oUTE akOWn KAl PE OEIONO
nou nponABs ano Tnv idia nnyn, €oTia | pAyMa, €Tol Kal ol
nxol nou napdyel €xouv TIG idIEG 1IB1AITEPOTNTEG. 'ONWG TO
nepIypaQouV ol OEIoPOAOYOl, Ta OEIONIKA KUPATa nou Tagl-
0gliouv OTO OWWA TNG yNG €XOUV JIAPOPETIKEG TUXVOTNTEG,
nou KataypagovTal and Toug CEIoHoYypA®ouGg, Kal dlapope-
TIKG @AacuaTa, nou Kataypd@ouv ol gniTaxuvaloypagol (Tig
€3aIKEG KIVAOEIG Yia va MEAETNBOUV Ol ENINTWOEIG TWV TEI0-
MoV oTa kTipia).

«H I'n €ival évag avijouxog nAavitng. Mapdyel XIANIadeg Hik-
poasioyolc KaBe pépa, pnva kai xpovo. Ta eniynkn A npwTa
KUpaTta, éTav QTAvouv anod TO E0WTEPIKO TOU QAoIoU OTnv
€M@Aveia TG yng -n onoia €ival pia diaxwpIioTIKr €NIQAveld
OUO PEOWV MHE JIApOPETIKN NMUKVOTNTA Kal OIAQOPETIKEG TA-
XUTNTEG d1ad00oNG TWV KUMATWV- diabAwvTal kal Jeradidov-
Tal OTNV aTPHOOMAIPA WG AKOUCTIKA KUUATA NAEOV, OE OUXVO-
TATEC dnAadn nou Ba pnopoucs va TIC avTIAauBaverar To
avBpwnivo auTi. AvTiBeTa, Ta eykapoia n deUTepa kUpaArta
dev diadidovTal oTa PEUCTA Kal Oev E€I0XWPOUV OTNV aTHOO-
@aipa. & NoAAOUG g€IoPoUG UNApXouv NOAAEG HAPTUPIESG yia
TNV unokwen Por), To TPOUEPO BounTo Mou akoUyeTal KaTtd
Tn dIApKEIa MIAG OSIOWIKNG dovnong Kal paAloTa kata Tn di-
ApKela TNG AQIENG TWV 'avduvwV' NPpWOTWV CEICHIK®OV KUMA-
TWV. TNV NpaypartikdéTnTa, noAloi and autoUc TOug NXOUG
o@eilovTal OTIG KIVACEIG TwV PNYyHATWY, OTNV avakaTaragn
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ENIPAVEIGKWV OXETIKA NETPWHATWY, OE KATANTWOEIG BPaxXwV
Kdl OTa AVvTIKEIMEVA TWV ONITI®V Pag, OAd anoTéAECHa Tng
dovnong. Tnv unodokwen Por) Tou ceigpol TNV ekAaupavel o
avbpwnog w¢ unoxbovio TPONAKTIKO HOUYKpNTO. Aev nauel
va eival, oJwg, pia duvartn Kpauyn Tng yng, €nakoAoubo
MI1aG UOIOAOYIKNG OEIOHIKAG digpyaciag Tou nAavnTn. ‘Otav
KaTapTavouv Ta deUTEPA KATACOTPOPIKA kKUPaTta, dev ouvo-
deliovTal and nxnTika gaivoueva» dnAwoe oto AME - MME o
KabnynTng Tou TUNAKaTog MewAoyiag Tou AMO, Znupog Mau-
AidnG.

Ta pndoa kail Ta Npiga TNG «HNAavTac>» TWV CEICH®MOV

Me Tnv €vap&n evog ociopou, To £dagog OeisTal, 0 a£pag
NAaiAeTal kal Tov aiobavopaoTe dexOpevol €va gupU GAacua
KUMATIKOV OUXVOTATWV, WoTOCO Ol €MNIYEPOUC HOovAdeC au-
TOV TV KUPATwv, dnAadn ol "voTeg" dev ival TO00 €udidk-
pITeC. 'ETOI npooAauBavoups povo To duodpecsTto aiobnua
and To TPAVTAyHA MOU NPOKAAOUV Ol CEIOHIKEG OOVNOEIG
(nou o@seileTal OTIC UWPNAEG OUXVOTNTEG) Kal and Tnv TaAdv-
Twon (Zahiopa, nou npokaAoUV ol XaUNAEG).

ZUNQWVa Pe Tov K. MauAidn, ol noAAoi pikpoi ceiopoi diaxe-
OUV Ta KUMATA TOUC OE WIKPEG AMOOTACEIC Kal Ol JeydAou
HeyEBoug o oAdkANnpn TN yn, Tnv onoia diacxifouv kai diaT-
PEXOUV MOAAEC POpPEC. EEAAAOU, oI HEYAANG evepyelag dovi-
oeig dieygipouv OAo Tov MAavATn kal Tov €€avaykalouv va
naAAeTal kar va doveital oav kaundava yia noAAa AenTtd kai
WPEG WETA TN YEVECT TOUG.

«01 ggiopoi onavia cupBaivouv og éva POVO prnyHd. ZXe0ov
navrta dnuioupyolvTal and 1Idiaitepa noAlnAoka dikTua pny-
paTwV, PIKpwV Kal peydAwv. O1 noAAEG auTég diappnieig
gunAouTifouv Ta OEIONIKG KUPATA WE MOAAEG KAl DIAPOPETIKEG
OouUXVOTNTEG, XaUNAEG Kal UPNAEG, UNACEG KAl NPIiPES, oav Hia
MnavTa pe nxoug and Tuunava, TPOUNETEG, KOVTPAUnAaoa Kal
kAapiva. Ma 7o idlo péyebog osiopoU, €va HiIkpd prnyda na-
payel UYnAEG ouxvOoTNTEG Kal €va HeEYdAo XaunA&g. Yndpxel
Kl €vag aAAog Adyog nou aAAGlouv ol aKOUGTIKEG OUXVOTNTEG
TWV CEIOH®WV: KABWC Ta OEIOMIKG KUpaTa Ta§idsuouv OTov
a€pa TauTdxpova PE auTd oTo £€da®og, xavouv evépyela, yI'
auTd aiobavopaoTe duvaToTeEPa €va OEIOUO KOVTA GTNV nnyn
Tou, ano O,TI yakpid anoé auThv» avagepel o KabnynTng Kal
OUHNANP®VEL: «Ta uywnAng ouxvoTnTag OJwg KuuaTa, onwg
yvwpiloupe and Tn QUOIKR, XAvouv ypnyopoTeEpa evEPYEld
kabwg Tagidevouv, anod O,TI Ta XAunAng ouxvornTag. ‘Etol
000 MIO YaKpIa BpIoKOUacTe and pia Pnavrta, Toco Ba Eexw-
pifoupe KAAUTEPA TOUG UNACGOUG RXouUG. To idlo oupBaivel kal
ME €va OEIoPO: aTNV EMNIKEVTPIKN NEPIOXA ENIKpAToUV Ol uyn-
AEG OUXVOTNTEG KAl MIO JAKPIA Ol XAHNAEG».

To €idog TwV NETpWHATWY, HECa and Ta onoia SiEpyxovTal Td
OSIONIKG KUpaTta, ennpealel eEioou TIG ouxvoTnTEG Toug. "O
ypavitng sivar €&va nNETpwpa nou eniTpénel oTa KUPATA va
JIEpXOVTal HE TIG MIKPOTEPEG ANWAEIEG evEpyelag. AvTiBeTa,
oTta "'xaAapd' uAikd, Ta O€IOWIKA KUPATa XAvouv nePITooTE-
pn EVEPYEIA Kal KUPIWG TIG UYPNAEG OUXVOTNTEG TOUg" KaTa-
ANyel o K. MauAidng.

O1 ogigpoAdyol, avaAlovTag TIG ouXvoTNnTeG dIapOpwV OEIo-
HoypaenuaTtwy, Katagepav va anodwoouv Toug AXOUC TNG
YNG WG NPAayparikn Houoikn Kal Oxl wG anoTEAECUd TNG €l-
NVeuong €vog TaAavrtouxou avBpwnou. "O©a pynopoUoaps va
noUWe OTI €ival Ta KPUNTOYPAPIKA PNvUpaTa and Tnv avaAu-
on TwV CEICPOYPAPNUATWY. ANO TV avaAucon auth npokun-
TOUV Ol GUXVOTNTEG NOU WETATPEMNOVTAl OE NXOUG, VOTEG, NMou
£€xouv puBud kar peAwdia. BEBala, oTn ouvexela, PE Bacn
autd TO HOUCIKO MOTIBO MOU MPOKUNTEI, KAMOIOI HOUGCIKOI
dnuiolpynoav Tig dIKEG Toug ouvBEoelg" eEnynos o kadnyn-
TG.

MOUGOIKI Kdl and TOUG KOKKOUG GUHOU...

'Oonw¢g avagepel kai orto BiBAio Tou "Mavyaia" (ekdooelg

Leader Books), n I'n dev napdyel nxoug Yovo anod Toug OeElo-
poug. Eivar yvwaoToi, gniong, ol pouacikoi nxol and Tn padikn
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Kivnon KOKKwV AUHEOU OTIG €PRUOUG WE TRV enidpacn Tou
avéPou, EVW €XOUV KATaypagei Kal HEAETNOEI OCUYKEKPIUEVEG
vOTEG Kal anod pia dAAn yewAoyikr digpyaadia, Tnv aloAikn
d1aBpwan, dnAadn TnG Kivnong Tou a€pa HE KOKKOUG Auiou.

«Toug fAXOUG auToUG WNopoUHE PE Ta KOMMIoUTEP HaAg, va
TOUG PETATPEWOUNE OE Pouaikr. duaikd, dev yvwpiloups av
oAol auToi ol fxol anoteAolv Tn yAwooa Tng g, énwg npiv
ano Aiya xpdvia dev yvwpilage TINOTE yid Tn yA®ood TwvV
SeAQIVIOV Kkal @alaivov. And dw Kal népa PNopoUUE va
OKEQTONAoTe 'moinTikf adeia' pe Tn @avrtacia pag yia Toug
WIBUPOUG, TIC KPAUYEG KAl T MOUCIKN TNG YNG» KATAAAYEI O
K. MauAidng.

(in.gr ge nAnpogopieg ano AME - MME, 11 Map. 2018,
http://www.in.gr/2018/03/11/culture/ta-mpasa-kai-ta-
prima-twn-seismwn)

o3 D

Reassessing the Mycenaean Earthquake Hy-
pothesis: Results of the HERACLES Project from
Tiryns and Midea, Greece

Klaus-G. Hinzen, Joseph Maran, Hector Hino-
josa-Prieto, Ursula Damm-Meinhardt, Sharon K.
Reamer, Jana Tzislakis, Kilian Kemna, Gregor
Schweppe, Claus Fleischer, Katie Demakopoulou

Abstract

Observations at Mycenaean archaeological sites of tilted and
curved walls, broken pottery, and human skeletons led to
the hypothesis that these sites in the Argolid, Peloponnese,
Greece, were destroyed in large earthquakes between the
late palatial (thirteenth century B.C.E.) and postpalatial
(1200-1050 B.C.E.) periods. In particular, the destruction
of Mycenaean palaces around 1200/1190 B.C.E. has often
been attributed to a devastating earthquake. To test the
Mycenaean earthquake hypothesis, this project focuses on
the Argive citadels of Tiryns and Midea. With active and
passive seismic measurements complemented by a gravi-
metric survey, we explored seismic site effects at these
locations and calculated synthetic seismograms for potential
earthquake sources to estimate intensities of ground mo-
tions inside and outside the citadels. The field work and
results were supplemented by analysis of the individual
damage descriptions and observations from the archaeolog-
ical literature on which the hypothesis is based. Because of
poor construction techniques and the associated site effects,
the buildings in the Lower Town surrounding the citadel of
Tiryns were more vulnerable than the structures within the
Cyclopean palace walls, but evidence of an earthquake de-
struction stratum in the Lower Town has not yet been
found. Although some of the observations from the two in-
vestigated citadels could be explained by seismic loading,
alternative nonseismic causes could equally explain most
observed damage. In some cases, the structural damage
was clearly not caused by earthquakes. Simulated ground
motions show that severe earthquake damage at Tiryns and
Midea can be expected from activation of local faults in the
Argive basin; however, palaeoseismic studies for such activ-
ity in and since the Late Bronze Age (LBA) are lacking. Our
results indicate that the hypothesis of a destructive earth-
quake in Tiryns and Midea, which may have contributed to
the end of the LBA Mycenaean palatial period, is unlikely.

Bulletin of the Seismological Society of America (2018),
DOI: https://doi.org/10.1785/0120170348, Published:
March 27, 2018,
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https://pubs.geoscienceworld.org/ssa/bssa/article-

abstract/529882/reassessing-the-mycenaean-earthquake-

hypothesis?redirectedFrom=fulltext
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ENAIAG®EPONTA -
FrEQAOIIA

Eykaipn npoeToipacia ZnToUv nPaioTEIOAGYoOI
yia Tnv enopevn €kpn§n otn I'n - Ti1 Aéve yia Thv
EAAGda

H enopevn noAU 1oxupr NQaAioTeiakn €kpnén Oa Bpel Tov
KOOMO anposToigacTo. Mnopei va eEagaviosl o0AOKANpPeG no-
AEIG KAl NEPIOXEG MOAAWV EKATOMMUPIWV KATOIKWYV, KABWG
eniong va npokaA£cel eupUTEPN avaoTATWon OTO NAYKOOWIO
E€UNOPIO, OTIG JIEBVEIG ENIKOIVWVIEG KAl JETAPOPEG, OTA OIKO-
VOMIKG Kal TEXVOAOYIKG GUGTAMATA, OTO KAiha Kal oTo nepi-
BaAAov, akoun kai otn diebvn elprivn. MaAioTa, dUo gAAnvI-
KA ngaioTela, TNG SavTopivng kal Tng Kw, BpiokovTal avaue-
0a g auTd Nou WNopEi va anoTeAEGOUV aneiAn oTo HEAAOV.

Tn oxeTikn npoegidonoinon annuBuvav Kopu@gaiol ngaicTeio-
AOYol, 01 onoiol unoypaupioav OTI pia noAU 1oXupn Kal Ka-
TaoTpoikn €kpn&n neaioteiou «dev eival adiavéntn». I
auTo, KAAEoav TIC KUBEPVAOEIG Kal Toug £10IKOUG va €Xouv
€TOINa JIAPopa oxEDIA EKTAKTNG AVAYKNG KAl va Pnv €0TiA-
CovTal JOVO OTIC OUXVOTEPEG (PUOIKEG KATAOTPOPEG, ONWE Ol
NANUPUPEG KAl 01 OEITHOI.

O1 ZTepev ZeA (MavenmoTnpio Kalipdpvia-MnépkAeD), Kpig
NioUxoA (Keévtpo Mirisbiris ®IAInnivwv) kar 'AAav Pounok
(MavenioTnuio Rutgers-NioU T{Epal), nou €ixav oTo napeA-
B0V PEAETAOEI TIC EKPNEEIC TWV NPAIoTEIWV TNG Ayiag EAEvng
oTig HMA (1980) kar Tou MvaTtoupno oTig ®IAinniveg (1991),
JME apBpo Toug oTo MePIodikd yewnioTnUwv "Geosphere",
€nionuaivouv 0TI 0 KOOWOG NPENEl va KAVEl NEPICTOTEPA ANod
0,TI £W¢ Twpad, av dev BeAel va xabei  va anoppubpicBei n
{wn Tou and Tnv enopevn YeydAn ékpn&n neaioTeiou.

ZTnv kAigaka Tou <«AgikTn H@aioTelakng EkpnKTIKOTNTAG»
(Volcanic Explosivity Index-VEI), nou ¢Bdavel €wWC TO OKTW,
ol eKpNEEIC NOU £XOUV NAYKOOHIEG EMNTWOEIG, €ival 10XU0G
€MNTA N OKT®. TETOIEC eKPAEEIC ekTIHATal OTI CUMBaivouv e
MEon ouxvoTnTa Wia r dUo popEg ava xIAIeTia.

‘'Onwg Tovifouv Ol €MIOTAHOVEG, 0 CUYXPOVOG TEXVOAOYIKOG
KOOHOC dev €xel Ol TéTola €kpnén. Ano Ta péoa Tou 190u
alwva £w¢ OnPeEPa ol PeYaAUTEPEG NPAICTEIAKEG EKPREEIC
onoudnnoTte otn ' fnoav Aiyeg 10XU0C «EEI», JE MIO YVWOTEG
Tou Kpakataou otnv Ivdovnoia To 1883, Tou KaTtudi otnv
AANdoka To 1912 kar Tou MivatoUuno oTig DIAINMIVEG TO
1991.

H TeheuTaia peyain €kpnén 1oxU0G «eNTa» ATAV €KEivn Tou
neaioteiou Tapndpa Tng Ivdovnaoiag To 1815, nou okOTWOE
0ekadeg XIANIAdEG avBpwnoug Kal ENEPEPE TOOO CORAPEG KAI-
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MaTikéG aAAayég, nou odnynoe To 1816 va eival €va «ET0g
Xwpig kahokaipi» atnv Eupwnn kar aTnv APEPIKN.

«H endpevn €kpnén peyeBoug VEI-7 pnopsi va oupBei otn
diapkela TnG wNG pag r o ekaTtovtadeg Xpovia», dNAWoe o
NioUXoA, oupewva pe 1o «Nature». O1 NIOUXOA Kal ZeAQ
gixav dnuioupynoel Tov diebvn deiktn VEI To 1982, ouvenwg
n YVOMN Toug €xel €181k Bapoc.

To 1257 n €kpn&n €vog aAlou vdovnoiakoU neaioTeiou ixe
npokaAéoel TETola nAlakn okiaon, nou n Bepuokpacia Tou
nAAvATN Wag unoxwpnoes TOOO, PE ouveneia nmbavoTata va
nupodoTtnBei oTn didpkeiad Tou Meoaiwva n Aeyopevn «Mikpn
Enoxn Twv Maywv» nou dINPKECE YIA AIWVEG.

«AuTa Ta oupBdvTa sival TpouePd oNUAVTIKA Yia Tov nAavi-
TN, OMWG N €nOPevVn PeyaAn ékpn&n 6a oupBei o éva TeAei-
w¢ d1aPopeTIKO nepIBAAlov» TOVIOE 0 Pounok. H yewpyia, n
uyeia, n oikovopia, ol HETAPOPEG Kal Ta dAAa nedia Tng ouy-
xpovng Zwng sival nAéov MoAU nio naykoouionoinuéva Kai
aAAnAeEapTwpeva, ano o,TI oTo NApeABoOV.

Mpiv and okTw Xpodvia, n €kpn&n Tou IcAavdikoU n@aioTeiou
EiyiapialayiokoUA, nou ATav 1oxU0¢ HOAIG «Tpia» oTnV KAi-
paka VEI, kabnAwoes Ta agponAdva yia JEPEG OoTa eupwndikd
agpodpopIa Kal 0l GUVOAIKEG OIKOVOUIKEG {nNUIEC TNG £pBaacav
Ta NEVTE JICEKATOPHUPIA EUPW.

O1 TpeIg nPaioTeIoOAOYOI TOVi(ouv OTI MPEMEl Ol EMNICTIHOVEG
va apxioouv va PeAEToUV MIO GUGTNUATIKA TIGC mBaveg enin-
TWOoeIG (N.X. OTIC ENIKOIVWVIEG Kal oTo GPS) kal va npoeTol-
palouv oxedia yia Tnv enduevn €kpnén 1oxvog VEI-7. Baoiko
AVTIKEIHEVO €peuvag eniong npénel va €ival n npoondbeia
KaAUTePNG NPOBAEWNC Yia TO NoU WNOPEi va CUUBEl pia TETo-
10 €kpn&n.

'HON undpxel €vag katdAoyog Pe unowneia neaioteia ikava
via €kpn&n 1oxU0G «ENTA» N KAl «OKTW». AUTA nepiAapBavo-
uv To Taouno otn Néa ZnAavdia (ekei ONou GuvéRN N TEAEU-
Taia oTov koopo €kpn&n VEI-8 npiv 26.500 xpovia) kal To
NTapaBavT Tou Ipav, oe anooTacn HOAIG 50 XIAIOPETPpWY ano
Tnv Texepdavn.

O1 gpeuvnTEG Tovidouv OTI «av pia €kpn&n VEI-7 oupBei kov-
TA Oc MIa heyain noAn, 8a Tnv e€apaviosl TeAsiwg» kal «Ta
BUpaTa Ba eival apkeTd ekaToOPPUPIA, €KTOG KI €XEl UNAPEEI
£yKalpn €kKKEVWON Tou NANBuopou og palikn KAiyaka». Auto
€ival kaTi nou, HeTa&l aAAwv, apopa Tn NanoAn Tng ITaAiag,
Mia noAn 4,4 eKATOPHUPIOV KATOIKWV MOU YEITVIAlel PE TO
€VEPYO Kal €NIKivOUVo nN@aioTeio Twv PAeypaiwv MNediwv.

EAAG3a

‘Ooov agopd Tov eAANnVikd xwpo, n diaonun €kpngn Tou
neaioTeiou Tng Onpag (SavTopivng) nepi To 1610 n.X. €KkTI-
partar 0T ATav 1ox00G «eNTA» oTNV KAipgaka VEL.

MNa 1o PEANOV, oI €peuvnTEG BewPOUV OTI TO NPAICTEIO TNG
savTopivng, kKabwg kal ekeivo TG Kw, To onoio npiv 160.000
XpoOvia nepinou eixe dwaoel Pia napopola ekpnén, €ival Ta duo
neaioTtela Tou gAAadikoU X®POU mnou eival unowneia péoa
OTIG €NOMEVEG XIAIETIEG YIA va MPOKAAECOUV HIa véa peya-
€kpn&n 1oxlog «enTd» (VEI-7).

SONQWVA PE TN vEQ PEAETN, and pia PHEAANOVTIKR €kpn&n Tou
npwToU ngaioTeiou Ba kIvduvelaoel dueca To vnoi TnG =av-
Topivng, eV Hia €kpnén Tou deUTepou Ba ansIAfosl Ta vnold
Nioupo, Kw kai F'uaAi.

And TIG YUPW XWPEG, NPaioTeIa IKavA va dWOOUV OTO HEAAOV
€kpnén 1oxvuog «enTd», eival névre ornv ITtaAia, Téooepa
otnv Toupkia, €va otnv Apuevia, €va ortn Mewpyia kar To
NTaBavavt Tou Ipdv. e OAn Tnv Eupacia dev undapyouv
AaAAa n@aioTela IKAVA va NPOKAAECOUV TOOO HEYAAN €kpngn.
AvTiBeTa, undapxel pia NANBwpa UNoWNQPIWV HEYa-nPaloTei-
wv aTov Eipnviko, oTnv QKeavia kar oTnv APEPIKN.
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H dnuioupyia Tou KaTtaAdyou TwvV UMOWAPIWV Meya-
NQAloTEIWV €YIVE ANo TOUG €PEUVNTEG Ke Bdaon €€l emioTnuo-
VIKG KPITRAPIa, NMou NePIAAPBAVOUV TO EKPNKTIKO MApeABOV
TOUG, TIG TWPIVEG VOEIEEIG KIVNTIKOTNTAG, TO YEVIKOTEPO TEK-
TOVIKO nepiBailov Toug, Tn olvBeon Tou pdayuarog, Tnv ni-
Bavn diappon aspiwv K.d.

(H KAOHMEPINH, 07.03.2018,
http://www.kathimerini.gr/952373/article/epikairothta/periv
allon/egkairh-proetoimasia-zhtoyn-hfaisteiologoi-gia-thn-
epomenh-ekrh3h-sth-gh---ti-lene-gia-thn-ellada)

Anticipating future Volcanic Explosivity Index
(VEI) 7 eruptions and their chilling impacts

Chris Newhall, Stephen Self, Alan Robock
Abstract

Worst-case or high-end subduction-related earthquakes and
tsunamis of 2004 and 2011 are painfully fresh in our memo-
ries. High-end subduction-related volcanic eruptions have
not occurred in recent memory, so we review historical and
geologic evidence about such eruptions that will surely recur
within coming centuries. Specifically, we focus on Volcanic
Explosivity Index (VEI) 7 eruptions, which occur 1-2 times
per thousand years.
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A variety of environmental changes followed the VEI 7 erup-
tion of Rinjani (Samalas), Indonesia, in CE 1257 and several
more eruptions of VEI 6 or 7 that occurred in the succeed-
ing few centuries. The Rinjani eruption and its impacts are
relatively well documented, modeled, and, for the purposes
of attribution, uncomplicated by antecedent eruptions. It
seems likely that the Rinjani eruption triggered the onset of
the Little Ice Age, and subsequent large eruptions sustained
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it. Although climatic effects of eruptions like Pinatubo (Phil-
ippines) and even Tambora (Indonesia) lasted only a few
years, it seems that coupling of oceans, sea ice, and atmos-
phere after larger eruptions can force decade- to century-
long cooling, decreased precipitation, and major impacts on
crops.

The next VEI 7 will affect a world very different from that of
CE 1257. Today, populations within 100 km of candidate
volcanoes range from fewer than 1000 people in remote
areas to between 20 and 30 million people near several
candidates in Indonesia and the Philippines. If a VEI 7 erup-
tion occurs, those populations will be at dire risk, and erup-
tions in some locations could destabilize financial centers,
national economies, and even peace between nations. Distal
effects on air travel, the global positioning system, and cli-
mate will be felt by a high-technology, globally interde-
pendent world.

We suggest and apply criteria to identify candidates for fu-
ture VEI 7 eruptions, and discuss likely challenges for short-
range forecasting of such events. Preparation for such low-
probability but high-consequence events is difficult to imag-
ine, yet some modest early measures can be considered.
Volcanologists should refine geologic histories and ensure at
least baseline monitoring of candidate volcanoes, and con-
sider how they will judge the likelihood that an impending
eruption will be of VEI 7. Forward-thinking governments
and industries would be wise to consider how a proximal or
distal VEI 7 eruption will affect their jurisdictions, and what
responses make the most economic and sociopolitical
sense.

(Geosphere (2018) 14 (2): 572-603. DOI:
https://doi.org/10.1130/GES01513.1, Published: February
28, 2018,
https://pubs.geoscienceworld.org/gsa/geosphere/article/52
9016/Anticipating-future-Volcanic-Explosivity-Index-VEI)
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This Tiny Diamond Contains a Mineral That's
Never Been Seen Before

This diamond discovered in Cullinan, South Africa contains
the first evidence of a mineral scientists have sought after
for years.

A schist in the hand may be quite continental, but diamonds
are a geologist's best friend.
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For proof, look no further than a recently mined diamond
that contained a mineral that had never been seen in nature
— until now.

The discovered mineral — called calcium silicate perovskite
(CaSiOs;)— was found trapped inside a diamond excavated
from South Africa's Cullinan mine (most famous for yield-
ing the world's largest diamond in 1905, part of which now
adorns the crown jewels of the United Kingdom). The find-
ing, published online today (March 7) in the journal Nature,
provides an important clue to the puzzle of how Earth's in-
ner structure behaves. [Shine On: Photos of Dazzling Min-
eral Specimens]

While rare to human eyes, calcium silicate perovskite may
be shockingly ordinary deep inside the Earth — in fact, it's
thought to be the fourth most abundant mineral inside the
planet, especially prevalent in slabs of oceanic crust that
have plunged into the planet's mantle at tectonic bounda-
ries.

Despite the mineral's theorized prevalence, however, previ-
ous studies have never yielded observable evidence of its
existence. It's thought to occur deep inside Earth's mantle,
however — some 700 kilometers (435 miles) below the
planet's surface, the researchers said.

"Nobody has ever managed to keep this mineral stable at
the Earth's surface," study co-author Graham Pearson, a
professor in the University of Alberta's Department of Earth
and Atmospheric Sciences, said in a statement. "The only
possible way of preserving this mineral at the Earth's sur-
face is when it's trapped in an unyielding container like a
diamond."

In the new study, Pearson and his colleagues analyzed a
tiny diamond (roughly 3 millimeters across) excavated from
Cullinan less than 1 km (0.6 miles) below the Earth's sur-
face. Despite this relatively shallow depth, the researchers
determined that the crystal was an example of a "deep di-
amond" that most likely had been formed about 700 km
below the Earth's surface, derived from a subducted slab of
ocean crust and exposed to some 240,000 atmospheres of
pressure.

The chunk of calcium silicate perovskite within the gem-
stone was visible with the naked eye after the diamond was
polished, the researchers wrote, but proper analysis and
imaging required an international effort. X-ray and spec-
troscopy tests confirmed that the diamond did contain calci-
um silicate perovskite — quite possibly the first intact sam-
ple ever seen.

"Diamonds are really unique ways of seeing what's in the
Earth," Pearson said. "And the specific composition of the
perovskite inclusion in this particular diamond very clearly
indicates the recycling of oceanic crust into Earth's lower
mantle. It provides fundamental proof of what happens to
the fate of oceanic plates as they descend into the depths of
the Earth."

(Brandon Specktor, Senior Writer / LIFE SCIENCE, March 7,
2018, https://www.livescience.com/61959-diamond-
calcium-silicate-perovskite.html)

o3 D

We’'re not cracking up or drifting - geologists

The underground fault lines along the Mai Mahiu-Narok road
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were caused by floods washing away deep deposits of vol-
canic ash, the Geological Society of Kenya has said.

Nakuru Governor Lee Kinyanjui and his Narok counterpart
Samuel Tunai visit the scene where a fault line developed in
Mai Mahiu Naivasha cutting off the Mai Mahiu-Narok road.
KENHA has promised to relook into the design of the road
following the incident.

It sought to allay fears by some people that the phenome-
non could lead to parts of the African continent drifting
apart.

This emerged when the experts visited the area as fault
lines continued widening and getting deeper, raising fears
amongst residents.

GSK chairperson Gladys Kianji said the fault lines occurred
after volcanic ash in underground trenches was washed
away.

The geologist said the areas with gaping faults between Mt
Longonot and Mt Suswa experienced volcanic activity years
back, creating underground tunnels.

“It has nothing to do with splitting of the continent. Gushing
water is sweeping away the volcanic ash,” she said. Kianji,
a lecturer at the University of Nairobi, accused KeNHA of
constructing major roads without involving the organisation
of geologists, leading to such cases.

She said sand collected from Mai Mahiu was not fit for con-
struction, as it could cause buildings to collapse.

“Volcanic ash from this area has been used to construct
buildings in various parts of the country. Because of its
weak nature, we have seen an increase in buildings collaps-
ing,” Kianji said.

GSK vice chairperson Marietta Mutonga said they were
mapping out areas mainly in the Rift Valley that have simi-
lar problems. She said had geologists been consulted, they
would have advised road engineers to avoid the area owing
to the underground fault lines.

“Change in land use has also played a part in the crisis. This
is a seasonal phenomenon that will end once the rains sub-
side,” she said. Mutonga said movement of underground
tectonic plates happens at a rate of 1imm each one million-
plus years or so..

“The claim that part of the country could be split into two is

not possible, but we should invest more in research in the
affected areas,” she said.
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Naivasha MP Jayne Kihara, who visited the area, expressed
concern over the safety of families living there.

“Families have been advised to relocate to other safer plac-
es, but the main issue is they do not have other homes,”
she said.

(George Murage / THE STAR, Mar. 22, 2018,
https://www.the-star.co.ke/news/2018/03/22/were-not-
cracking-up-or-drifting-geologists c1734050)

Kenya is not splitting, according to Geological Society of
Kenya (GSK). The volcanic fault line was caused by floods
washing away deep deposits of volcanic ash. Gaping faults
between Mt Longonot and Mt Suswa experienced volcanic

activity years back, creating underground tunnels.

BivTEo HE TO TEPACTIO prYHdA NouU paiveral va
Xwpilel Tnv Kévua ota dUo

SUYKAOVIOTIKEG €ival ol €IKOVEC NOU QEPVEI OTO PWE TNG dN-
HooI0TNTAg n epnuepida Daily Nation péow Bivreo oTo onoio
aneikovileTal TEpAOTIO PrYHA MOU ONMEI®BNKE TV NEPACHE-
vn AguTépa Kkal gaiveTal va xwpilel Tnv Kévua ota duo.

EIdIkOTEPA, TO priyHa nou evronioTnke Tn Agutépa oTnv Kol-
Aada Napdk peTd anod €vrovn TEKTOVIKA dpacTtnpiotnTa, o-
nw¢ dNAwoav og Tonika PECA evNUEPWONG €IBIKOI ENIOTAMO-
VEG Kal YEWAOYOI.

'OnNw¢ snionuaivel N epnuepida n TEPACTIA GXIOMM - NOU EXEI
B&Bog navw and 15 péTpa kal NAAToG KovTda ota 20 PETpa -
otnv gnapXia Napok PETETPEWAV TNV HEXPI NPOTIVOC YOVIUN
nediada os aypia kAl apIAO&evn €KTAon, EVvw NPokKARBnkav
Kdl ooBapEc KATAoTPOPEC OTO 03IKO cUOTNUa TNG XwpPag,
«kOBovTac» ota dUo JPOHOUC Kal AnEINWVTAG KATOIKNMEVEG
NEPIOXEG, Ol OMOIEC EKKEVOBNKAV avaykaoTikd.

BivTeo Ye To TEPAOTIO pAyHa nou @aiveral va Xwpilel Tnv Ke-
vua orta duo
https://www.youtube.com/watch?time continue=113&v=w
07s5zIhX6k

QoT000, To €v AOYw prnypa dev €ival napd €va ano Ta deka-
0g¢, iowg kal ekatovTadeg «aduvaua onueia» Tng KoiAddag
ToUu MeydAou PRyuaTog, mou KaAUMTEl PEYAAO MEPOC TNG
appikavikng nneipou, and 1o Képag Tng AQPIKNAG HEXPI TN
MolauBikn.

©a oXNHATIOTEI VEA NNEIPOG;
Teooepig Xwpeg oTo Képag Tng AQpPIKAG - N ZopaAia, n Wion

AiBionia, n Kévua kal n Tav{avia - avapéveral va diaxwpl-
otoUv ano Tnv AQpikn oxnuaridovTag yia véa ANeEIpo - TNV
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enovopalopevn Zopahikn MAAka - og nepinou 50 ekaToppU-
pla Xpovia, avagEpel n Tonikn €pnuepida Daily Nation, eni-
KAAOUHEVN YEWAOYIKEG MEAETEG.

Ol TEKTOVIKEG dUVAEIG €ival 1I0XUPOTEPEG 0T BACN TNG KOI-
Aadag, aAAd kai otnv Kévua undapxel &vrovn YEwAoyIKn dpa-
oTnp16TNTA, N onoia soTialeTar yUpw and To nNaioTeio Sou-
ooud.

«H koIAGda €xel PakpU 10TOPIKO TEKTOVIKNG KAl NPAICTEIAKNG
dpaoTnpIOTNTAG», €iNE OTNV KEVUATIKN €PNUEPIOA O YEWAO-
yog, NTEIBIVT AvTEvTe, «MapdAo nou To priypa ATav TEKTOVI-
Ka adpavég oTo npdopaTo nNapeAbov, evdexeTal va unnpgav
npoogaTa KIvnoeig Babia atov GAold TNG MG Nou nNpokaAe-
oav {wveg aduvapiag, ol onoieg ekTeivovTal PEXPI TNV €NIPa-
vela», npooBeos. «AuTéG o1 {wveg aduvapiag oxnuatifouv
PWYHEG OTO €3apog nou ouvhBwG YeUIlouv HE NQAIOTEIAKN
TEQPPQ, N onoia NPoEPXETal anod To KOvTIVO 'Opoc», ensanua-
VE 0 YEWAOYOG.

Tig eikaoieg nepi diaxwplopou TnG Kevuag épyeral va diaye-
Uoel n FewAoyikn Koivdotnta Tng Kévuag (GSK), n onoia oc
avakoivwon Tng Tovioe OTI NPAIOTEIKO Priyuda NpokAROnke
ano NANUUUPEG, o1 oMoieg «EENAevav» TNV NQACTEIAKA TEQP-
pa. KaBoTi n noaioTeiakn dpactnpidTnTa avaueoa ora Opn
NAOVYKOVOT Kal Zoucoud gival £&va QAivOUEVOo €TV, £XEl dn-
HNIOUPYNOEI UNOYEIEG ONPAYYEG Kal KEVA OTO £€DAOg.

(H KAOHMEPINH, 22.03.2018,
http://www.kathimerini.gr/955148/gallery/epikairothta/kos
mos/vinteo-me-to-terastio-rhgma-poy-fainetai-na-xwrizei-
thn-kenya-sta-dyo)

Large crack in East African Rift is evidence of
continent splitting in two

A large crack, stretching several kilometers, made a
sudden appearance recently in south-western Kenya.
The tear, which continues to grow, caused part of the
Nairobi-Narok highway to collapse and was accompa-
nied by seismic activity in the area.

The Earth is an ever-changing planet, even though in some
respects change might be almost unnoticeable to us. Plate
tectonics is a good example of this. But every now and
again something dramatic happens and leads to renewed
questions about the African continent splitting in two.

The Earth’s lithosphere (formed by the crust and the upper
part of the mantle) is broken up into a number of tectonic
plates. These plates are not static, but move relative to
each other at varying speeds, 'gliding' over a viscous as-
thenosphere. Exactly what mechanism or mechanisms are
behind their movement is still debated, but are likely to
include convection currents within the asthenosphere and
the forces generated at the boundaries between plates.

These forces do not simply move the plates around, they
can also cause plates to rupture, forming a rift and poten-
tially leading to the creation of new plate boundaries. The
East African Rift system is an example of where this is cur-
rently happening.

ZeAida 25


https://www.the-star.co.ke/news/2018/03/22/were-not-cracking-up-or-drifting-geologists_c1734050
https://www.the-star.co.ke/news/2018/03/22/were-not-cracking-up-or-drifting-geologists_c1734050
https://www.youtube.com/watch?time_continue=113&v=wO7s5zIhX6k
https://www.youtube.com/watch?time_continue=113&v=wO7s5zIhX6k
http://www.kathimerini.gr/955148/gallery/epikairothta/kosmos/vinteo-me-to-terastio-rhgma-poy-fainetai-na-xwrizei-thn-kenya-sta-dyo
http://www.kathimerini.gr/955148/gallery/epikairothta/kosmos/vinteo-me-to-terastio-rhgma-poy-fainetai-na-xwrizei-thn-kenya-sta-dyo
http://www.kathimerini.gr/955148/gallery/epikairothta/kosmos/vinteo-me-to-terastio-rhgma-poy-fainetai-na-xwrizei-thn-kenya-sta-dyo
https://twitter.com/ParastatalNews/status/976708105248665600/photo/1

The East African Rift Valley stretches over 3 000 km (1 864
miles) from the Gulf of Aden in the north towards Zimbabwe
in the south, splitting the African plate into two unequal
parts: the Somali and Nubian plates. Activity along the
eastern branch of the rift valley, running along Ethiopia,
Kenya and Tanzania, became evident when the large crack
suddenly appeared in south-western Kenya.

This process is accompanied by surface manifestations
along the rift valley in the form of volcanism and seismic
activity. Rifts are the initial stage of a continental break-up
and, if successful, can lead to the formation of a new ocean
basin. An example of a place on Earth where this has hap-
pened is the South Atlantic ocean, which resulted from the
break up of South America and Africa around 138m years
ago - ever noticed how their coastlines match like pieces of
the same puzzle?

Continental rifting requires the existence of extensional
forces great enough to break the lithosphere. The East Afri-
can Rift is described as an active type of rift, in which the
source of these stresses lies in the circulation of the under-
lying mantle. Beneath this rift, the rise of a large mantle
plume is doming the lithosphere upwards, causing it to
weaken as a result of the increase in temperature, undergo
stretching and breaking by faulting.

Evidence for the existence of this hotter-than-normal man-
tle plume has been found in geophysical data and is often
referred to as the 'African Superswell'. This superplume is
not only a widely-accepted source of the pull-apart forces
that are resulting in the formation of the rift valley but has
also been used to explain the anomalously high topography
of the Southern and Eastern African Plateaus.

Developing Plate Boundary

Dome Boundaries

Topography of the Rift Valley
Breaking up isn't easy

Rifts exhibit a very distinctive topography, characterized by
a series of fault-bounded depressions surrounded by higher
terrain. In the East African system, a series of aligned rift
valleys separated from each other by large bounding faults
can be clearly seen from space.

Not all of these fractures formed at the same time, but fol-
lowed a sequence starting in the Afar region in northern
Ethiopia at around 30m years ago and propagating south-

wards towards Zimbabwe at a mean rate of between 2.5 - 5
cm a year (1 - 2 inches).

Although most of the time rifting is unnoticeable to us, the
formation of new faults, fissures and cracks or renewed
movement along old faults as the Nubian and Somali plates
continue moving apart can result in earthquakes.

However, in East Africa most of this seismicity is spread
over a wide zone across the rift valley and is of relatively
small magnitude. Volcanism running alongside is a further
surface manifestation of the ongoing process of continental
break up and the proximity of the hot molten astheno-
sphere to the surface.

A timeline in action

The East African Rift is unique in that it allows us to observe
different stages of rifting along its length. To the south,
where the rift is young, extension rates are low and faulting
occurs over a wide area. Volcanism and seismicity are lim-
ited.

Towards the Afar region, however, the entire rift valley floor
is covered with volcanic rocks. This suggests that, in this
area, the lithosphere has thinned almost to the point of
complete break up. When this happens, a new ocean will
begin forming by the solidification of magma in the space
created by the broken-up plates. Eventually, over a period
of tens of millions of years, seafloor spreading will progress
along the entire length of the rift. The ocean will flood in
and, as a result, the African continent will become smaller
and there will be a large island in the Indian Ocean com-
posed of parts of Ethiopia and Somalia, including the Horn
of Africa.

Dramatic events, such as sudden motorway-splitting faults
or large catastrophic earthquakes may give continental rift-
ing a sense of urgency but, most of the time, it goes about
splitting Africa without anybody even noticing.

(Lucia Perez Diaz, Postdoctoral Researcher, Fault Dynamics
Research Group, Royal Holloway, The Conversation, Posted
by TW on March 30,

2018, https://watchers.news/2018/03/30/large-crack-in-
east-african-rift-is-evidence-of-continent-splitting-in-
two/?utm source=feedburner&utm medium=email&utm ca
mpaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+
-+watching+the+world+evolve+and+transform%-29)

o3 O

To n@aioTelo TnG AiTvag «ToouAdsr» apya, aAAa
oTabepa, npog Tn 6ailacoal
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H AiTva otnv avatoAikr ZikeAia, To Mo eveEPYO NPAIOTEIO TNG
Eupwnng, «yAigTpdasi» oAOKANpn, apyd aAAd otabepd, npog
Tn 6alacoa Tng Meooyeiou pe PECO PUBHO 14 XIAIOOTWV TO
XpoOvo, dnAadn diavuel 1,4 pEtpa orn didpkeia 100 eTwv.

AUTO eniBeBaiwoav BpeTavoi eNIOTAPOVEG NOU PEAETOUV £DW
Kal OEKAETIEG TO NPAICTEIO KAl €Kavav Tn OXETIKA dnuoaicu-
on oTo neplodikd neaioTteiohoyiag "Bulletin of Volcanology".
‘'Onwg €inav, ouclacTIka gival n NPWTn Popa nou €xel napa-
TnpnOsei éva oAOkANpPo evepyd n@aioTteio va oAicBaivel kat'
auTo Tov Tpono.

O1 enIOTAPOVEG €xouv Jwoel To n@aioTeio pe eva OBikTuo
oraBuwv GPS uwnAng akpiBeiag, €101 WOTE va enitnpolUv Tn
OUMNEPIPOPA TOU, KATAYPAPOVTAG AKOWN Kal WETAKIVAOEIG
MEPIK®V XIAIOOT®WV | avenaiodnTeC NapapopPWOoEIG TOU K®-
VOUu Tou.

MeTa and 11 xpovia GUAAOYNG OToIXeEiwv, €ival mia gavepo,
oUP@WVA PE TOUG EPEUVNTEG, OTI TO NQPAIOTEIO WETAKIVEITAI
g€ KATeLBUVON avaToAIKN-voTIOavaToAIKR NPOG TNV NApdkTia
noAn Tou TZape nou anéxel nepinou 15 XIAopeTpa. H Aitva
(aiveTal oa va «TooUAdel» NAvw O€ pid NAAyld PJE MNOAU MIK-
pr KAion evog €wg TpIMV PoIp®V, MBavwg eneidn «kaberar»
navw os acgbevn €UKAPNTa ICNUATOYEVH NETPWHUATA.

O1 yewAdyol dnAwaoav 0TI N KaTaoTaaon XPelaZeTdal MPOOEKTIKN
napakoAouBnaon, €nsidr prnopsi va odnynosl o au&Enuevoug
KIvdUvoug aTo JEANov. MapaTnprosig o avevepyd neaioTel-
a, nou €xouv napodpola GUUNEPIPOPA, £Xouv BeiEel OTI Ynopei
Eapvikd va eppavicouv Katappeuon aTnv NAEUPA TOUG MPOG
TAv katelBuvon TNG oAioBnong, KUe ouveneia va undapxel Kiv-
SUVOG YIa KaTaoTPOPIKEG KATOAIOBNOEIG.

«@a €\eya OTI @uTn Tn OTIYMNA 3ev UNAPXE! AITIA yId avnouyi-
a, aAAd €ival KAaTI Nou MPENEl CUVEXWG va napakoAouBoUpe,
13iwg yia va doUpe av undpyel kanola €mTAxuvon O auTh
TNV Kivnon npog Tn 6dAacca», dNAWOE O ENIKEPAANG EPEU-
VNTAG, 0 YEWAOYOG dp Tlov Mapei TG =X0ANG MewenioTNH®V
Tou AvolixToU MavenioTnuiou TnG BpeTaviag, o onoiog peAeTd
TNV Aitva €dw kal axeddv PIco aiwva, cUPpwva Je To BBC.

O Mdapsi avépepe OTI av O YEPIKA XpOVIa 0 puBUOG oAioBn-
ongG Twv 14 xiIAlooTwv €TNoiwg (Nou dev €ival oTabepog, aA-
AG au&opeimveTal anod Xpovo ge Xpovo) dinAaciacBei, TOTE
auTto 6a anoTteAéoel éva oageg npoeidonoinTikd onuadi. Av,
ano Tnv aAAn, o puBuog WeTakivnong npog Tn 6dAacoa pei-
w0Oei oTO PICO, TOTE OEV OUVTPEXEI KAvEvVAg AOYOG avnouxiag.

O1 yewAdyol eneonpavav 6Tl N CUCCWPEUCN TOU TEKTOVIKOU
OTPEC WNOPEI va NApel alWVEG N Kal XIAIETIEC, €WG OTOU TO
neaioTeio pOAcel o€ €va KPIioINo onueio PEPIKNG KaTAppEU-
onG. Npog To napodv Navtwg, dev UNApXouv kaBoAou evdeie-
IG OTI KATI TETOIO MPOKEITAl va OUWMBEI oguvTopa otnv Aitva,
OUVENWG €PeUVNTEG kKaBnouxaoav OTI dev MpéEnel va avnou-
XoUV oUTE ol vTOMIol OUTE Ol TOUPIOTEG.

(H KAGHMEPINH, 24.03.2018,
http://www.kathimerini.gr/955608/article/epikairothta/epist
hmh/to-hfaisteio-ths-aitnas-tsoylaei-arga-alla-sta8era-pros-
th-8alassa)

Gravitational sliding of the Mt. Etha massif
along a sloping basement

Abstract

Geological field evidence and laboratory modelling indicate
that volcanoes constructed on slopes slide downhill. If this
happens on an active volcano, then the movement will dis-
tort deformation data and thus potentially compromise in-
terpretation. Our recent GPS measurements demonstrate
that the entire edifice of Mt. Etna is sliding to the ESE, the
overall direction of slope of its complex, rough sedimentary
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basement. We report methods of discriminating the sliding
vector from other deformation processes and of measuring
its velocity, which averaged 14 mm year™ during four in-
tervals between 2001 and 2012. Though sliding of one sec-
tor of a volcano due to flank instability is widespread and
well-known, this is the first time basement sliding of an
entire active volcano has been directly observed. This is
important because the geological record shows that such
sliding volcanoes are prone to devastating sector collapse
on the downslope side, and whole volcano migration should
be taken into account when assessing future collapse haz-
ard. It is also important in eruption forecasting, as the slid-
ing vector needs to be allowed for when interpreting defor-
mation events that take place above the sliding basement
within the superstructure of the active volcano, as might
occur with dyke intrusion or inflation/deflation episodes.

Introduction

Mt. Etna volcano dilates horizontally between its major flank
eruptions. This outward expansion has been attributed to
two processes: (1) gravitational spreading of its tall edifice
and (2) inflation of a magma chamber within the volcano
prior to eruption (Borgia et al. 2000; Lundgren et al. 2004;
Neri et al. 2004; Obrizzo et al. 2004; Bonaccorso et al.
2006; Bonaccorso et al. 2013). However, it has long been
noted that inter-eruptive horizontal displacement vectors
measured from repeated GPS readings radiate not from the
summit, but from an area WNW of it, leading to suggestions
that the position of the inflating magma chamber is offset
from the summit by up to a few kilometres, or that the
magma chamber is tall and slopes in this direction (Nunnari
& Puglisi 1994; Puglisi et al. 2004; Bonaccorso et al. 2011).
This in turn implies that magma chamber inflation is the
dominant process causing Etna’s dilation, since displace-
ment vectors caused by gravitational spreading of a conical
volcano should be radial to the summit of the edifice. An-
other peculiarity is the lack of symmetry in vector lengths,
which are consistently much longer on the ESE side of the
volcano. This has been interpreted with numerical and ana-
lytical models, in which the symmetrical radial movement of
the inflating magma chamber is distorted by two large rec-
tangular sub-horizontal dislocation planes dipping in differ-
ent directions, that underlie the southern and eastern flanks
in 1994-1995 (Bonforte and Puglisi 2003), or by a single
larger dislocation plane beneath the lower eastern flank
(Lundgren et al. 2003; Bonaccorso et al. 2006, 2013), or by
a drag force due to subsidence of the continental margin on
that side (Bonforte et al. 2011).

In the present paper, we present evidence that explains
both the off-centre expansion and its asymmetry without
recourse to these complex ad hoc models, and we also
demonstrate, by the use of a simple Mogi model and a la-
boratory analogue gravitational spreading model, that our
explanation applies in the case of the two abovementioned
processes. The results of our work are applicable to other
volcanoes of different types and in different situations.

(Bulletin on Vulcanology, First Online: 23 March 2018,
https://link.springer.com/article/10.1007/s00445-018-
1209-1/fulltext.html)
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ENAIAG®EPONTA -
NMEPIBAAAON

New material made from desert sand could of-
fer low-carbon alternative to concrete

A team of scientists in the UK have developed a biode-
gradable construction material made from desert sand - a
resource that has until now been useless for construction.

Called Finite, the material was developed by a group
from Imperial College London. It is as strong as concrete
but has half the carbon footprint.

The breakthrough comes amid increasing concern about the
world's dwindling supplies of construction-grade sand, which
are an essential ingredient in concrete.

Post-graduate students Carolyn Tam, Matteo Maccario,
Hamza Oza and Saki Maruyami came together to create a
building material that could be made from the plentiful,
naturally occurring material.

While course, gritty construction-grade sand is stripped
from beaches and river beds, desert sand has remained an
untapped resource as its wind-swept grains are too fine and
smooth to be used as filler in concrete.

"We looked at sand because we thought sand was abun-
dant, but actually when we did more research about sand
[we found] it wasn't," Tam told Dezeen.

Sand scarcity is a global issue

The world is facing a potentially disastrous sand shortage,
hence the start-up's name, Finite.

Last October Dutch designers Atelier NL held a symposium

at Dutch Design Week to discuss the sand crisis, which will
affect glass-making and computer chip manufacturers as
well as the construction industry.

"Sand is the most consumed resource on earth after fresh
water," Atelier NL told Dezeen at the time.

"Yet sand is being excavated at a rate faster than it can
renew itself," said the designers, who are working on a pro-
ject to explore how different types of "wild" sand could be
used to make glass. "It is disappearing from shorelines,
rivers and sea beds, causing disastrous effects for both en-
vironmental and human systems."

Sand-mining is a multi-billion dollar industry, and illegal
sand mining plagues countries such as India, where criminal
gangs plunder riverbeds and beaches, damaging ecosys-
tems.

"The wars that are going on for sand throughout the
world,"said Maccario. "All these things were crazy to us
when we found out."

Finite uses abundant resources

Finite could change that. The binder ingredients are a
guarded secret, but the scientists are confident that it out-
performs concrete on key sustainability metrics.

"The main binder in concrete is responsible for five per cent
of global CO2 emissions, which is huge," said Maccario.

"Our worst-case estimate right now is less than half the

CO2 footprint than concrete, in terms of what we are us-
ing," continued Maccario.
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As well as being low-carbon and taking the strain off current
sand sources, Finite is much more reusable than concrete,
which often ends up in landfill.

"If you make a block of it in the future it's quite easy to
recycle and not use any virgin material, whereas concrete
needs to be essentially ground up and then used as filler for
the next batch of concrete," explained Maccario.

Material suited to short-term infrastructure projects

Finite is non-toxic and can be left to decompose naturally,
or remoulded to be used in another project, the inventors
claim.

"We could use the material to make pavilions, then after
three months when the event ends it can be deconstructed
safely," said Tam.

The team believe their material is ideal for use in the Middle
East as the raw material for the concrete alternative can be
scooped straight out of the desert, rather than being expen-
sively imported.

Theoretically, Finite could also be used for permanent struc-
tures such as residential projects, but for this it would need
to pass rounds of testing and regulations.

New materials bring new opportunities

Early experiments with resin casting have demonstrated
that the material can also be used to create objects such as
vases and bowls. Left untouched, Finite takes on the colour
and gradation of the filler, but natural dyes can be added in
the mixing process.

Cost-wise, Maccario is confident that Finite will be a viable
competitor to concrete in the construction industry once it is
manufactured on a larger scale, because of the abundance
of the raw materials.

"It will take more than just our project or one material, but
we're really looking forward to is a future where the built
environment isn't this thing where you keep it there forever
or landfill it or down-cycle it, but something that uses na-
ture and is continuously reusable," added Maccario.

"As soon as you have new materials you have new opportu-
nities."

The sand crisis threatens to destabilise the construction
industry, which uses an estimated 25 billion tons of sand
and gravel every year. A further 50 billion tons per year
gets trapped behind dams, meaning ecosystems stripped of
sand for industry are not being naturally replenished.

(dezeen / India Block, 24 March
2018, https://www.dezeen.com/2018/03/24/desert-sand-
could-offer-low-carbon-concrete-alternative)

(C2 4R -0)

Evidence of one of the largest floods in Earth’s
history in the central Mediterranean
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An international team of scientists has uncovered ev-
idence of one of the largest floods in Earth's history in
the central Mediterranean seafloor.

The flood, known as the Zanclean flood, is thought to have
ended the Messinian Salinity Crisis (MSC), a period during
which the Mediterranean Sea became partially dried up.
Due to shrinkage of its connection with the Atlantic Ocean,
the Mediterranean Sea was transformed into a giant saline
lake that was partially evaporated by the dry climate of the
region, six million years ago.

One of the theories proposed to explain the refilling of the
Mediterranean Sea at the end of the MSC some 640 000
years later is a catastrophic flood through the Strait of Gi-
braltar.

By examining the most comprehensive collection of seafloor
data from offshore eastern Sicily and the Maltese Islands,
an international team of geoscientists has now discovered
an extensive buried mass of material that is thought to
have been eroded and transported by the Zanclean flood.

https://www.youtube.com/watch?v=Ev1PdwbgvM8

This mass covers an area equivalent to that of the island of
Crete and is up to 900 m (2 900 feet) thick in places. The
passage of the Zanclean flood across the Malta Escarpment
- a long submarine limestone cliff - resulted in a 1.5 km
(0.9 miles) high waterfall (equivalent to five times the
height of the Eiffel Tower).

This water eroded a 5 km (3.1 miles) wide and 20 km (12.4
miles) long canyon on the seafloor that is still preserved
underwater offshore the city of Noto (south-east Sicily).

Authors say the discovery is important because it demon-
strates that the level of the Mediterranean Sea during the
MSC dropped by more than 1 000 m (0.62 miles), and that
the end of the MSC coincided with a catastrophic flood that
affected the entire Mediterranean Sea.

Reference:

Evidence of the Zanclean megaflood in the eastern Mediter-
ranean Basin - Aaron Micallef et al. - Nature Scientific Re-
ports - January 18, 2018 -DOI: 10.1038/s41598-018-
19446-3 - OPEN ACCESS

Evidence of the Zanclean megaflood in the
eastern Mediterranean Basin

Abstract

The Messinian salinity crisis (MSC) - the most abrupt, glob-
al-scale environmental change since the end of the Creta-
ceous - is widely associated with partial desiccation of the
Mediterranean Sea. A major open question is the way nor-
mal marine conditions were abruptly restored at the end of
the MSC. Here we use geological and geophysical data to
identify an extensive, buried and chaotic sedimentary body
deposited in the western Ionian Basin after the massive
Messinian salts and before the Plio-Quaternary open-marine
sedimentary sequence.

We show that this body is consistent with the passage of a
megaflood from the western to the eastern Mediterranean
Sea via a south-eastern Sicilian gateway. Our findings pro-
vide evidence for a large amplitude drawdown in the Ionian
Basin during the MSC, support the scenario of a Mediterra-
nean-wide catastrophic flood at the end of the MSC, and
suggest that the identified sedimentary body is the largest
known megaflood deposit on Earth.
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https://www.nature.com/articles/s41598-018-19446-3

(THE WATCHERS, March 21,
2018, https://watchers.news/2018/03/21/evidence-of-one-
of-the-largest-floods-in-earth-s-history-in-the-central-

mediterrane-

an/?utm_source=feedburner&utm medium=email&utm ca

mpaign=Feed%3A+adorraeli%2FtsEq+%28The+Watchers+

-+watching+the+world+evolve+and+transform%29)

NMavw ano éva HETPO
AnoToun au§non TnG oTadung TnG 6adAacoag
npiv 7.600 xpovia oro B. Aiyaio

Mia anoTtopn avodog Tng oTadung Tng Badlacoag, KaTta Tou-
AAXIOTOV €va €wG €vAMIOl PETPO, OUVERN oTo Bopeio Alyaio
npiv ano nepinou 7.600 xpovia (dnAadn nepi To 5600 n.X.),
€V KATI avaAoyo €ixe oupBei kal vopitepa, npiv and 8.400
Xpovia. Ta nepIoTATIKa auTta eixav nmlavoTata OnUavTIKEG
KOIVWVIKEG KAl OIKOVOUIKEG ENINTWOEIG OTOUG avBpwnoug NG
nepioxng, Balovrag «ppevo» oTNV avAanTuEn TwV VEOAIBIK®OV
YEWPYIKOV OIKIOMWV KAl ToU MOAITIONOU, KABWG HEYAAEG
NapakTIEG EKTACEIG Ba BpéBnkav EapVIKA KATW ano To VEPO.

AuTO €ival To oupnépacpa piag véag €peuvag Mepuavoyv e-
nioTnUovwy, nou Baciletal oTn PEAETN TWV ANOAIBWHATWV
MIKPOOKOMIK®V apxXdiwv 8aAdcoiwv opyaviou®v Mou £Xouv
diatnpnBei oTa 1IZApaTa Tou BuBoU Tng Balacoag Tou Bopei-
ou Alyaiou.

O1 gpeuvnTeg Tou KévTpou BionolkINOTATAG Kal KAINaTikwv
Epeuvav Zévkevunepyk kal Tou IvomiToUTou MewenioTnuwv
Tou MavenioTnuiou NkeTe TNG Opavk@oUPTNG, ME ENIKEPAANG
Tov Kalnyntn Tevg XépAg, ékavav Tn OXETIKN Onuooisuon
oTo Scientific Reports.

«KaTtd npoogéyyion npiv and 7.600 xpdvia, n oTadun Tng
6aAaooag npenel va avéBnKe anoTopa OTIG NEPIOXEG TNG Me-
ogoyeiou nou guvopelouv pe Tn NoTioavaTtoAikn Eupwnn. To
Bopeio Alyaio, n ©ahacoa Tou Mappapd kai n Malpn ©a-
Aaooa katéypawav dia aviywaon avw Tou evog PETpou. Au-
TO 0drynoe 0To NANUUUPIONA TWV XaUNA®V NapdkTiwv nepi-
oxwv, ol onoieg Ba eixav undap&el 1Idavikeg yia dnuioupyia
OIKIOH®V>» ONAWCE 0 dp XEPAE.

H NeoAiBikry Enoxrl onuatoddtnoe Tnv petapacn and uia
KOIVWVIa KUVNYWV-TPOPOCUAAEKTOV OE HIa KOIVwvia YEwp-
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YQV-KTNVOTPOPWY. Me koITida Tng Tnv MeEon AvaToAn, n
YEWPYIKA enavaocTtaon €EanAwOnKe Npog Thn VOTIOavaToAIKn
Eupwnn kal To Alyaio. O1 apxaloAoyIKEG avaokapeg deixvouv
Opwg OTI Npiv and 7.600 xpovia unnp&e Wia aveEnynTtn Kai
anoToun Ugeon otn dnuioupyia TETOIWV OIKIoHWY. O1 yepua-
VoI €MIOTAPOVEG WE TN VEA PEAETN TOUG MICTEUOUV OTI KATA
ndoa mbavoTnTa Bpnkav pia eEnynon yi' auTod.

O1 gpeuvnTéG Nnpav €va deiypa (nuprnva) anod Tto BuBd Tou
Bopeiou Alyaiou kal n MEAETN TWV PIKPOOPYAVIGHWY Tou Bu-
BoU, OUYKeKpPIPEVA TOU anoAIBwEVOU (UTOMAAYKTOU TOU
€idoug Emiliana huxleyi, mou undpxouv p€ca Ot auta Ta
IZNKATa, ENETPEYE OTOUG EMICTHMOVEG VA KAVOUV EKTIUNOEIG
yla TIG d1aXPOVIKEG UETABOAEC, OCOV APOPA TNV MEPIEKTIKO-
TNTA TWV €NIPAVEIAK®V UdATwV Tou Alyaiou o aAdTi Kai,
KaT' enékTacn, yia Tn otadun Tou vepol.

H avaAuon anokdAuwe 300 andTOUEC HEIWOEIC TG aAaTOTN-
Tag npiv and 8.400 kar npiv andé 7.600 xpovia, ol Onoieg
Mnopouv va €€nynBoulv, KaTa Toug €NICTAKOVEG, HOVO and To
YEYOVOG OTI heyaAUTepol OyKol VEPOU XAWNANG NEPIEKTIKOTN-
Tag os aAaT Ba £ppeucav and Tn Malpn Odlacoa (EUEeivo
MévTo) npog Tn BAAacoa Tou Bopeiou Alyaiou. AuTto Ba eixe
w¢ ouVvEénela pia andtoun avodo TnG oTabung Tng Bdlacaoag
o€ €KEIVEG TIG dUO NEPINTWOEIG,.

O1 gpeuvnTEG EKTIHOUV OTI UNNAPEAV EKTETAUEVEG NMANUUUPEG
KATA WAKOG TWV aKTWV Tou Bopeiou Alyaiou, nou ouvénsoav
Me dUO avTiOTOIXEG UPETEIG OTN VEOAIBIKN YEWPYIKN KAl TEX-
voAoyikn enavacTtaon. H mio naAaid avodog Twv udaTwv
(npiv ano 8.400 xpovia, dnAadn nepi To 6400 n.X.) paiveral
va oupninTel PE apxXaloAoyika eupnuarta, cUuewva HPE Ta
onoia ol NapdkTIol OIKIOHOI €ixav TOTE NEPINOU AVTINETWNIOEI
onuavTika gunodia otnv avanTu&n Toug. To deUTepo NARYHa
yla TOUG KaToikoug TNG nepioxng nABe 800 xpovia apyoTepa,
ME TN véa dvodo Twv UdATWV Kal PE TIG VEEG NANUUUPESG Nou
akoAou@naoav.

H peA&Tn evog avTioToixou deiypaTog (nupriva) and Tto Bubo
Tou NoTiou Alyaiou, nou &ixe AngOei oTo napeABov, dev €ixe
dei&el Tig id1EG ENOXEG OTO NapeABOV avaloya @aivoueva pe
To Bopeio Alyaio.

ZuvdéovTag To NapeABov pe To PEANOV, 0 XEpAe npoeidonoi-
noe OTI «e&aITiag TNG KAIUATIKAG aAAAynG avapEVOUlE n nay-
KOOMIa OTAdUN Twv BaAaocowv va aveRel €wg &va PETPO PETA
ora endpeva 100 xpovia. EkaTtoupupla avBpwnol pnopsi va
ekTOMIOBOUV and TIG NAPAKTIEG NEPIOXEG, WE COBAPEG KOIVW-
VIKEG Kal OIKOVOMIKEG ENINTWOEIG».

(in.gr ge nAnpogopieg ano AME - MME, 26 Map. 2018,
http://news.in.gr/science-
technology/article/?aid=1500209310)
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ENAIAG®EPONTA -
AOIMNA

Researchers Use Carbon Fiber Waste to
Strengthen Permeable Pavement

Researchers from Washington State University have shown
permeable concrete can be strengthened by adding recycled
carbon fiber.

W)U |

The production of carbon fiber goods is on the rise; howev-
er, recycling this material still remains a challenge. It
may, however, be soon possible to grind up carbon fiber
waste and use it in water-draining concrete, according to a
research being conducted at Washington State University.

Water-draining concrete or pervious concrete is a kind of
concrete that stormwater run can drain straight through. It
is a highly porous material and allows the water to pass into
the soil underneath. This helps with flooding but also reduc-
es pollution caused by stormwater.

With traditional concrete, the water will run along the road
and gather pollutants, before it goes down a sewer and into
the waterways.

There has been rising concern about flooding in urban areas
and requirements for controlling stormwater have in-
creased.

Several cities have so far tried using pervious concrete in
parking lots and streets with low-traffic. However, because
it is highly porous, it has proved not as durable as the regu-
lar concrete used on major roads. Carbon fiber helps in this
aspect.

Carbon fiber becoming more popular

Carbon fiber composites have become steadily more popular
in various industries. The material is super light and strong.
It can be used in a variety of places ranging from airplane
wings to wind turbines and cars. The market has been
growing about 10 percent per year, and industries have
been trying to find out a way to recycle the waste.

The research team from Washington State University found
a method to recycle this waste and put it to good use.

To grind up scrap carbon fiber provided by Boeing, the re-
search team used an inexpensive mechanical milling tech-
nique. When ground carbon fiber was added to the existing
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pervious concrete mix, the resulting material ended up be-
ing very durable and strong.

"In terms of bending strength, we got really good results —
as high as traditional concrete, and it still drains really
quickly," said Somayeh Nassiri, who led the research team
along with Karl Englund.

Left in cured form

The researchers shun using heat or chemicals to create an
element from the waste carbon fiber composites. They kept
the composites in their cured form maintained and thus
made use of their original strength.

The mix also required using much of the composite materi-
al. This would be ideal for waste producers.

“You're already taking waste — you can’t add a bunch of
money to garbage and get a product,” said Englund. “The
key is to minimize the energy and to keep costs down.”

The composite materials were scattered through the pave-
ment mix to give stable strength. The effectiveness of the
technology has been shown on laboratory samples, and
scientists wish to now conduct large-scale tests.

The researchers are also working with industry to develop a
supply chain. “In the lab this works to increase permeable
pavement’s durability and strength,” said Nassiri. "The next
step is to find out how to make it mainstream and wide-
spread.”

(Sibel Nicholson / INTERESTING ENGINEERING, March, 05th
2018, https://interestingengineering.com/researchers-use-
carbon-fiber-waste-to-strengthen-permeable-

pave-

ment? source=newsletter& campaign=eq1AJIPdjrX1n& uid
=9wdl9JEwej& h=9480fc0933eb231a0575c535417bef075e
d6e805&utm source=newsletter&utm medium=mailing&ut
m_campaign=Newsletter-05-03-2018)

o3 O

H peydAn peAérn Tng Google nou €iXe Tnv Kwdi-
Kf ovopacia «ApICTOTEANG»

TN i A

H Tp€xouoa co®ia Tou alwva Jag AEel NWG Ol QPOITNTEG MpE-
nel va €@odlacTouV WE ENIOTNHOVIKEG YVWOEIC yia va adpa-
Eouv pia B€on epyaciag, We Tnv €€g1dikeuon va gival uyiotng
onpaciag yia To enayyeAHaTikd Toug HEAAOV.

Mbvo nou auTd dev €ival napda pia Tpayikn unepanAoloTeu-
on Twv de€loTATWY nou xpeialovTal otn {wr Kal n anodei&n
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MAG €pxeTal and kel nou Ba To nepipévape AlyoTepo: Tnv
Google!

H Google €kave Aoinov pia Peyain WEAETN yia TOug unaA-
ANAOUG TNG nou €xel eUPUTEPEG OUVENEIEG TOGO Yia TOUG POI-
TNTEC 000 KAl TO €pyaTikKO dUVAMIKO TWV ENIXEIpROEwVY. MaTi
pag ing oTI eival aAAa Ta Bacika podia nou npenel va pe-
PEIG OTNV ayopad gpyaciac and €va KaAo nTuxio.

O1 Sergey Brin kai Larry Page, 1dpuTég Tng Google kai pe-
yaAa PuaAd oTov Topéa Toug, TNV TexvoAoyia, unéBerav OTI
MOVOo ol nTuxioUXOo!l Tou KAGdou pnopouv va KataAdaBouv Tnv
Texvohoyia. Ki €1o1 n Google ouvnBile va npooAaupavel a-
NMOKAEIOTIKG MANPOQPOPIKOUC Kal pnxavikoUg He ApIoToug
BaBuoug nTuxiwv and Ta PeyaAUTeEpA AMEPIKAVIKA MaAveni-
aTnuia.

@7@1 ez

To 2013 ano@aocioe woTdo0 va eAEyEEl TIG NTuxEG TNG O1adi-
Kaoiag Twv NPOCANWE®V TNG, €XOVTAG Mia ApKETA dedouEva
anod 1o 1998. To «Project Oxygen» ouykAOVIOE Ta TUAPATA
avBpwnivou duvapikoU Tou KOOPOU OTav KAaTéAn&e OTI PETA-
EU Twv 8 oNUAavTIKOTEPWV XAPAKTNPIOTIKWV MOU €ixav ol KO-
pugaiol unaAAnAol Tng Google, n e€eidikeuon oTnv kabapn
eMoTANN (TO TETPANTUXO E€MICTAMN, TEXVOAOYid, HNXAvikn
Kal JadnuaTikd) KaTaTacgooTav oTnv anoAUTwG TeAeuTaia B€-
on!

Ta npwTa €pTd XApAKTNPIOTIKA MOU g€yyudvTav Tnv enituyia
oTIG Ta&eig Tng Google ATav 3e€16TNTEG nou dev pabaivovrav
oTa navenioTnuia, 6nwg ag noUe To va €iodl KaAdg pavar-
(ep, va €MNIKOIVWVEIC Kal va akoUg owaoTd, va KataAaBaiveig
Toug dAAoug yUpw OoU, va unooTnpilelg Toug ouvadéAPoug
gou, va €XEIC KPITIKA OKEWN Kal va AUVeIC Ta npoBAAuarta
nou avakUNTouv OUVEXWG, TETola Npayuara.

A€€IOTNTEG Nou dev pabaive dnAadn o NPoypauuaTIoTAG i 0
HadnuartikdG oTo MAvenioTAWIo, aAAd pnopouos va pabel &-
vag QIAOAoyog 1 évag BeaTpoAoyog! H epwTnon nou npoé-
Kuwe Aoinodv ATav av ol kaAuTtepol unailAniol Tng Google
NTav €MITUXNHEVOI OXI AOYW TNnG TEXVIKNAG TOUG KATAPTIONG,
aAAd napd TNV TEXVIKA TOUG KATapTion; AvBpwnoAoyol Kai
€BvoAoyol avéluoav kaTtoniv Ta dedopéva kal n Google e-
NEKTEIVE TIC OTPATNYIKEG NPOCAAWE®Y TNG WOTE va yivovTal
nia dekToi Kalr avlpwnol AAA®WV avTIKEINEVWY, ONWG and@ol-
Tol avBpWMIOTIK®V Kal KOIVWVIK®OV EMICTAMOV, akopa Kal
KAANITEXVEG, Napd To yeyovog OTi ol Brin kal Page gpgavi-
CovTav anoTponiacuevol and To YEYovog!

Mévo nou n Google dev orapdtnoe ekei. To «Project
Aristotle» (Mpoypaupa ApIoTOTEANG), N VvEa yiyavTiaia PeAE-
TN Tou KoAooooU ava@opikd Pe To avBpwnivo duvapiko Tou,
€MIBERAIMVEI TN ONPACIA TWV KOIVWVIKOV KAl ENIKOIVWOVIAK®OV
0€€IOTNTWV aKOPA KAl O €va TOOO «dMOOTEIPWHEVO» MEPI-
BaAAov dnwg n Biounxavia Tng TeXvoAoyiag.

STov «ApIoTOTEAN», ol €18Ikoi avéAucav Twpa Ta dedopéva
TWV NAEOV KAIVOTOUWV Kal nepiBAenTwv opadwv Tng Google,
TWV Aeyopevwv A-Opadwv, To id1o To Kapdpl Tou KoAooaou,
kaBwg anoteAolvTal and KopuPaioug ENICTHHOVEG HE OAOTE-
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Aa €EEIOIKEUNEVEG YVWOEIG MOU piXVouv OTO Tpanéd Tn pia
npwTonopiakn 13éa nicw and Tnv aAAn.

Ki OpwG, N vea HEAETN ANOKAAUWE OTI Ol ONUAVTIKOTEPEG,
napaywyikOTEPEG Kal €UNOPIKOTEPEG 10€eg TNG Google npo-
gpxovTal and TiG B-Opadeg, nou anoteAolvTal anod unaAAn-
Aoug nou dev ival akpIBwg d1avoleg oUTe ol eEUNVOTEPOI TOU
ypagpeiou Toug! To «Project Aristotle» £d€1§e OTI 01 KAAUTEPEG
opadec douAelouv oTn BAcn piag ouadag Kolvwv XapakTn-
PIOTIKWV NMOU JeV OUVOEOVTAl WE ENIOTNHOVIKEG KAl TEXVOAO-
YIKEG O€EIOTNTEG, AAAA AsiToupyoUv oTn BAcn Tng I00TIHIAG
TWV MEAWV, TNG YeEVvalodwpiag, TNG NEPIEPYEIAG avaPopikd
ME TIG 10€eC TwV OUVAdEAQWYV, TNG €vouvaiodnong kal Tng
ouvaigtnuaTikng vonuoouvng!

Kal To kaAUTepo TnG avaiuong, oTI To No 1 xapakTnploTiko
TWV M0 NETUXNMEVWV OMAdwWV €pyaaiag €ival N WUXOAOYIKN
acpdAeia. MNa va netuxel pia opdada, pag Aéel o «AplOTOTE-
ANG», kGBe PEAOG TNG NpENEl va vinBel eAeUBepo Kal aiyoupo
OTI MNopei va PIANOEl Kal va kavel AdBog XwpiG OUVENEIEG N
eKQOBIOPOUG. Mpénel va EEpel dnAadn nwg kanoiog 6a Tov
aKOUCOEI XWPIiG va Tov Kpivel.

AUTd €ival Ta OTOIXEIA MOU €yyuwvTal TNV €miTuxia kar Tnv
anoTeAEOUATIKOTATA TNG opddag kal OxI Ta PAoTEp Kal Ta
d1dakTopikd. To TuAua AvBpwnivou AuvapikoU Tng Google
npPoogAaBe OTATIOTIKOAOYOUC, WUXOAOYoUuG TNnC epyaaciac,
KOIVWVIOAOYOUG, avBpwnoAdyoug Kdl EpEUVNTEG AAAWV KAd-
dwvV yia va AUoouv Tov ypipo Tng dioyadikng snituyiac.

AUO XpOVIa YETA, 0 «ApIOTOTEANG> cixe Eswaxvioel 180 opa-
dec Tng Google kai gixe eAéyEel nepiocoTEpa and 250 xapa-
KTNpIoTIKG ouvepyaoiag. Kal BpAKE Nw¢ auTd nou PeTpoUv
npayparika yia Tig 510padikeg OXETEIG KAl TNV anodoTIKOTNTA
TNG opadag sival n wuxoAoyikn acpaieia (va naipvelg pioka
dnAadn xwpic va vimbeig avaocpaieia f vrponn), n agoni-
oTia (n aAANAgEGpTNON TWV PEA®V TNG opadag), n dour Kai
n capnveia (va eival kabapoi kar diakpiToi o1 oTdXO0I, 0l PoO-
Aol Kal To oX€d10 TNG opadac), To vonua TnG douAeldag (kavo-
UME KATI NOU €ival Npoownikd onuavTiko yid Pag;) Kal o av-
TikTUNOG TNG doUAelag pag (mnoteloupe dNAadn Nwg n douAe-
14 Jag kavel Tn dia@opd Kai €ival onuavTiKn KoIVWVIKA;)...

(MIKPOMETOXOZ, 06.03.2018,
http://www.mikrometoxos.gr/megali-meleti-tis-google-poy-
eiche-tin-kodiki-onomasia-aristotelis)

«Project Aristotle»
https://rework.withgoogle.com/print/guides/572131265583
5136/
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Bacterial binding could lead to self-healing
buildings and historic structures

Scientists at Cardiff University are introducing the
concept of biological self-healing with bacteria to
buildings and historic structures.

AccV Spot Magn Det
100kV 40 4354x SE

The team have set out to produce a solution that can be
applied to building stone and masonry to give it self-healing
properties.

Once applied, the team believe that any sort of damage to
the stone will trigger the release of bacteria and a range of
precursor chemicals, allowing damage to self-repair.

Microorganisms such as bacteria can produce mineral de-
posits when mixed with certain precursor chemicals, includ-
ing calcium carbonate, which is one of the main components
in rocks and various other masonry materials.

As part of the study, the team will look at the different ways
that bacteria and precursor chemicals can be introduced
into building stone and masonry.

“When present in masonry, the bacteria that produce the
mineral deposits become entombed as spores, alongside the
chemical precursors, within the mineral that it is produc-
ing,” said the study’s principal investigator Dr Mike
Harbottle, from Cardiff University’s School of Engineering.

“When damage occurs to the masonry, the deposits within
the mineral are also damaged, exposing both the bacteria
and the chemicals, which react with each other again to
produce even more mineral, thus healing the damage.”

Self-healing materials are already being tested on a range
of different materials, from glass and carbon fibre compo-
sites to concrete and electronic materials.

According to Cardiff University, there is ‘substantial interest’
in self-healing technology, especially from industry, as the
costs associated with the maintenance and repair of materi-
als continue to grow.

“Masonry structures are constantly deteriorating primarily
due to the weathering effects. These could be physical,
chemical or biological changes which can all slowly attack
the masonry structure,” said Dr Magdalini Theodoridou, the
research fellow on the project.

“Over time, usually many years, this damage builds up until
fractures arise. Whilst these may not compromise the integ-
rity of a structure immediately, if allowed to develop then
damage may become critical.”

Throughout the two-year project, the team will be develop-
ing ways to engineer self-healing systems into masonry,
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whether this is during the material’s production phase or
once the masonry has been used as a building material.

“One possible application could be to produce a liquid or
suspension, which you could buy from a local DIY store,
containing all of the bacteria and chemicals that could be
sprayed on to masonry to repair damage.”

Dr Theodoridou’s work is funded by the European Un-
ion’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie Individual Fellowship
scheme.

(The Engineer, 7th March 2018,
https://www.theengineer.co.uk/self-healing-buildings-
bacte-

ria/?cmpid=tenews 4822926&utm medium=email&utm so
urce=newsletter&utm campaign=tenews&adg=25D5594B-
61A5-4477-9BBF-F97F87829407)
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www.geoengineer.org

KukAogpopnoe To Teuxog #154 Tou Newsletter Tou Geo-
engineer.org (MapTiou 2018) pe NoAAEG XPrOIKMEG NANPO-
@Oopiec yia OAa Ta B£uaTta TNG YewHnxavikng. YnevOupieTal
oTlI To Newsletter ekdideTal and Tov ouvadeA®o Kkal PEAOG
TnG EEEEMM AnunTpn Zékko (secretariat@geoengineer.org).

EVOEIKTIKG avapEpovTal:

e Corinth Canal in Greece closed due to landslide (video)

e Seismic Assessments Using Best Practices for Risk Man-
agement of TVA Coal Combustion Residuals Surface

¢ Magnitude 6.4 earthquake hits Taiwan

Damage Assessment by Laser Could Focus Post-

Earthquake Response

Landslide destroys homes in Tijuana, Mexico (video)

Cars swallowed up after road collapses in Rome (video)

Shamsher Prakash Foundation 2018 prize solicitation

Huge crack spreading on Washington's Rattlesnake

Ridge prompts evacuations (video)

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=244c2663-b647-4cff-aad3-ed61bbaf560f
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International Society for Roc
and Rock Engineering

ISRM

https://www.isrm.net/adm/newsletter/ver html.ph
p?id newsletter=148&ver=1

KukAogpopnoe 1o Teuxog No. 41 (Maptiou 2018) Tou News-
letter Tng International Society for Rock Mechanics and Rock
Engineering Pe Ta NapakdaTw NepIEXOUEVA:

e Update on ARMS10, the 2018 ISRM International Sym-
posium

e FEuropean Rock Mechanics Symposium - Eurock 2018,
Saint-Petersburg, Russia, 22-26 May

e 21st ISRM Online Lecture by Prof. Laura Pyrak-Nolte
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Volume 20 - December 2017 of the ISR M News Journal
is now online

The Third International Conference on Rock Dynamics

and Applications (RocDyn-3)

Brazilian Symposium on Rock Mechanics — 2018 Franz
Pacher 1919-2018 - In memory of an outstanding engi-
neer and man

In memory of Richard Z.T. Bieniawski

A tribute to Prof. Don Deere, 1922-2018

A tribute to Professors Richard Bieniawski and Don
Deere from Brazil

ISRM EFC Training Course - Rock Mechanics and Engi-
neering Geology for Reduced Geo-hazards in Mining and
Civil Projects, Hanoi, Vietham, March 2018

ISRM Rocha Medal 2020 - nominations to be received by
31 December 2018

ISRM Sponsored meetings
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EKTEAEZTIKH ENITPOINH EEEENM (2015 - 2018)

Mpoedpog : rewpylog FIKAZETAS, Ap. MoAITIkog Mnxavikdg, Kabnyntng E.M.M.
president@hssmge.gr, gazetas@ath.forthnet.gr

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

B’ AvTinposdpoc MixaAng MAXAKHS, MoAITIkdG Mnxavikog
mpax46@otenet.gr

levikog Mpappartéac: MixaAng MMNAPAANHZ, MoAITikog Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

Tapiag : MNwpyog NTOYAHZ, MoAITikog Mnxavikog, EAAOOMHXANIKH A.E.- TEQTEXNIKES MEAETES A.E.
gdoulis@edafomichaniki.gr

'Eqopog : MNwpyog MMNEAOKAS, Ap. MoAImikog Mnxavikdg, Enikoupog KaBnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

MéEAn : Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIKOG Mnxavikog, OpoTinog Kadnyntig EMM
aanagn@central.ntua.grn

BaAia ZENAKH, Ap. MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

Mapiva MANTAZIAQY, Ap. MoAITIKOG Mnxavikog, AvanAnpwTtpia KadnyAaTtpia E.M.IM.
mpanta@central.ntua.gr

AvanAnpwpaTikod
MéAog : KwvoTtavTivog IRANNIAHZ, MoAITikdg Mnxavikog, EAAOGOMHXANIKH A.E.
kioannidis@edafomichaniki.gr

Ek30TNG : Xpnotog TEATZANI®OZ, Ap. MoAITIKOG Mnxavikdg, MANTAIA ZYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

EEEEIM

Topéag MFeE®TEXVIKNAG TnA. 210.7723434

ZXOAH NMNOAITIKQN MHXANIKQN Tor. 210.7723428

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

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

«TA NEA THZ EEEEMM» Ekd0TNnG: XproTog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-3I. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

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