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Innovation:
Stepping up the Industry

We talk a lot about innovation in our industry. Most of the
leading consultants include innovation as a key company
afttribute on their websites. Each year we celebrate innova-
tion in the many awards ceremonies that take place around
the world. And clearly there are plenty of examples of inno-
vation in the projects we deliver. Yet innovation is not rou-
tine. We struggle to build the processes that lead to innova-
tion into our day to day work. Even though we know that we
must innovate more if we are to secure the success of the
industry, and our share of it, in the future.

At the start of my presidential year | set my seven apprentic-
es the task of understanding why we find innovation elusive
and what we might do to address that — fo make it part of
our day to day business. | asked them to learn from the ex-
emplar projects where innovation has delivered success for
designers, contractors and clients. This is their report
(https://www.ice.org.uk/ICEDevelopmentWebPortal/media/
Disciplines-Resources/presidents-apprentices-2015-final-
report.pdf). | hope you find it informative and practically
useful. By adopting its findings you will be able to drive inno-
vation info your own organisation. And together we will re-
shape the future of our industry.

Professor David Balmforth
President

Institution of Civil Engineers
October 2015
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Mapouciacn apBpwyv, 0TV CUYYPAPr TWV OMNOIiWV HETEIXAV
'EAANveg, oto XVI European Conference on Soil Mechanics
and Geotechnical Engineering, Edinburgh, 13-17 September
2015 (kat’ aA@aBnTikh o€ipd, oTa €AANVIKA, TOU OvVOPATOG
TOU MNPWTOU CUYYpaPEéa).

Capital & Operational Carbon - an assessment
of the permanent dewatering solution at
Stratford International Station

Carbone - Capital & Opérationnel - une évaluation de
la solution de déshydratation permanente a Stratford
International Station

G. Casey, H. Pantelidou, D. Whitaker, N. O’'Riordan,
K. Soga and P. Guthrie

ABSTRACT The cost and carbon implications of the link be-
tween design stage and operational performance are the
subject of this piece. Stratford International station is locat-
ed on the UK’s only existing High Speed Rail line. The
piezometric level in London has been rising since the 1960's
as a result of the majority of the heavy industry relocating
away from London. The long-term groundwater levels are
not known with certainty, affecting the design of founda-
tions and underground structures in the area. The CTRL
project was at a critical junction during this design period in
1996 and capital financial cost reductions were required to
secure its existence. The permanent dewatering solution
was selected based upon the £21.8million saving it afforded
over a tension pile solution. This paper reviews the long-
term implications in terms of cost and carbon emissions, of
a decision criterion revolving around capital cost alone. The
long-term impact becomes further complicated within the
context of the unforeseen recent large-scale development of
the Stratford area. Carbon is selected as a metric to assess
the sustainability of the solution, in view of what lessons
should be fed back from asset operation to design. Financial
cost is also considered, comparing the capital financial deci-
sion to the operational cost of the asset.

1 CTRL & THE STRATFORD BOX

The Channel Tunnel Rail Link (CTRL) is the UK’s only high-
speed rail line, running 108km from St Pancras in central
London to the Channel Tunnel entrance at Folkestone. The
project reduced the journey time from London to the Chan-
nel Tunnel by half and through this, allowed travel to Paris
in just over two hours. The CTRL project also fulfilled an
important role in encouraging regeneration in the wider East
London. Development in the Stratford area was a key local
and national focus. Stratford International now offers high-
speed services to St Pancras, Faversham, Margate, Dover
Priory, as well as Eurostar services to continental Europe
(through Ebbsfleet or St Pancras). In more recent times,
the Stratford area became the home of the London 2012
Olympic Games and now features extensive development in
the form of retail and leisure space, hotel space, commer-
cial district space, residential homes and community facili-
ties, largely triggered by the London Olympics Legacy.

The CTRL horizontal alignment and tunnel safety regulations
required a subsurface reinforced box to achieve a satisfac-
tory vertical alignment and allow for a high speed station in
the area. The Stratford box consists of a 1072m long, 38m
to 55m wide and 13m to 26m deep diaphragm wall box with
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plunged columns. The centre of the box features the station
platform area, with 1.5m cantilevered flat panels used to
provide unobstructed access. At the East and West ends of
the box, there are thinner, 1.2m flat panels which are
propped using traditional waling beams and struts. These
walls are propped by an unreinforced concrete slab, forming
the base for the track ballast. A plan view of the Stratford
box is shown in Figure 1.
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Figure 1 Stratford Box. Stratford Preliminary Design Devel-
opment Report (RLE, 1996)

The Rail Link Engineering (RLE) consortium of Arup,
Bechtel, Halcrow and Systra was formed to design and
manage the CTRL project.

2 THE TECHNICAL PROBLEM

The Stratford box design had to address the problem of
future groundwater levels in the underlying Chalk aquifer.
Historic water abstraction, primarily for industrial use since
the industrial revolution in and around London, resulted in
the suppression of groundwater levels in the Chalk aquifer.
Since the 1960’s, this abstraction has declined dramatically
and the groundwater level has been rising consistently to-
wards its pre-industrial levels (Simpson et al, 1989). This
groundwater level rise has become a concern for many are-
as of London, increasing the risk of ground movement and
instability of foundations and underground structures. The
Stratford area has witnessed a change in the piezometric
surface of approximately 10m from 1953 to 1997, as is
seen in Figure 2.
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Figure 2 Groundwater levels 1950-1995, Stratford Goods
Yard, TQ38/59B (Whitaker, 2004)

It has estimated that without this historical abstraction, this
old marshland area would have a piezometric surface of
around +6 mOD, effectively at original ground level (Down-
ing et al, 1972). The design considered that the “conse-
quences of flotation of the box are onerous in terms of both
reconstruction costs and disruption to the CTRL system”
(RLE, 1996), adopting +7mOD for the long term design
water level.

Stratford has two aquifers: the upper consists of superficial
deposits of Made Ground, Alluvium and River Terrace De-
posits. The lower aquifer is in the Upnor and Thanet Sand
formations underlain by Upper Chalk and is separated from
the upper aquifer by the clays of the Lambeth Group (previ-
ously known as Woolwich and Reading Beds). At the time of
design in 1996, the ground water level was almost at the
top of the Thanet Sand layer (approximately -8 mOD).
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3 THE ENGINEERING OPTIONS

For the assessment of the uplift potential, there was uncer-
tainty on the long-term groundwater level. Figure 2 shows
the groundwater level rising at a considerable rate in the
early 1990’s, increasing at nearly 1m per year, potentially
returning to their preindustrial abstraction levels.

For the station box design, RLE eventually considered the
following two engineering options for resisting uplift from
the long-term water pressures:

e Tension piles
o Dewatering

The pile and dewatering solutions were appraised in further
detail.

3.1 Tension Piles

The pile design featured 1.5m diameter piles at 10m longi-
tudinal centres with embedment of 13m into the chalk. The
slab base level fluctuated as did the pile lengths. A total of
250No 38m-length piles were estimated for the central,
widest section of the box; 200No 28m-length piles were
required for the tapered ends of the box. The pile solution
increased the loads transferred to the box structure and
therefore required a more heavily reinforced base slab and
diaphragm walls. A cost analysis estimated the piling solu-
tion to be £36.7million.

3.2 Permanent Dewatering

The permanent de-watering system was required to main-
tain a water level at -10mOD and able to cope with a full
return to the historical groundwater level of +7 mOD in the
area.

Temporary de-watering was already required for excava-
tions and construction of the base slab, as well as for con-
structing shafts, cross passages, sumps, approach struc-
tures and also helping with the TBM efficiency and user
safety.

Permanent dewatering acts appropriately to ensure a water
level of 10m below the base slab. In contrast, the tension
pile solution would have been designed with a high factor of
safety to at least resist the +7 mOD groundwater level.

At the design stage, two dewatering solutions were consid-
ered: one simple pumped system and another also featuring
passive wells and drainage blanket. In the event of a pump-
ing hardware or power supply failure, the box would have a
limited time period before which significant damage would
occur as a result of the increasing uplift pressures. Although
the passive well and drainage blanket would allow a longer
period (nearly 2 months) of pump failure, its capital cost
was higher by approximately £3million.

The capital cost of the simple pump system was estimated
as £14.9 million, allowing for a maximum period of 24-
hours pump failure before structural damage occurred (ie
recovery of water levels to +7mOD). Thus, there was a
need to ensure a sufficient level of backup redundancy for
this system. A detailed quantified risk assessment (RQA)
was carried out to assess the impacts of pump failures,
hardware lead times and repair time scales. Through a
combination of electrical and power supply arrangements,
an acceptable level of reliability was found.

The abstraction occurs from deep wells into the chalk. 22
design wells were specified, based upon a peak demand of
170 |/s for the entire Stratford box. The location of these
wells is shown in Figure 3. The yield of each well was speci-
fied as 10 I/s, allowing for a 30% overcapacity, to ensure a
sufficient factor of safety (although 12 I/s was achieved).
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Each well featured a 300mm stainless steel casing and a
250mm drop set stainless steel screen. The casing extended
3-4m into the chalk, to ensure a sufficient amount of draw-
down was achieved as efficiently as possible. The wells pen-
etrated 30m into the chalk. Each well was acidised to im-
prove performance.
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Figure 3 Dewatering well locations in Stratford Box (RLE,
1996)

4 THE DECISION MAKING PROCESS

In late 1996, the CTRL project was under considerable fi-
nancial and political pressure. There was a need to reduce
capital expenditure, if the project was to go ahead. This
austere background led to a programme of value engineer-
ing workshops, which achieved an estimated £33m reduc-
tion of capital cost across the entire CTRL project. In early
1997, permanent dewatering of the Stratford box was rec-
ommended on the basis that it was “the minimum capital
cost solution.”

5 A CHANGING ENVIRONMENT
5.1 Underwriting the design level

The greatest challenge for the design was agreeing the
long-term design groundwater level with insurers and
stakeholders. Varying piezometric scenarios were suggested
and each scenario had a different engineering solution.
There was a wider political activity concerned with the rising
groundwater levels in London. Around the same time of
design, the General Aquifer Research Development and In-
vestigation Team (GARDIT) strategy was launched by
Thames Water, the Environment Agency, Transport for Lon-
don, the Corporation of London, Envirologic, the Association
of British Insurers and British Telecom (GARDIT, 1996). The
purpose of GARDIT was to increase extraction of groundwa-
ter supply so as to stabilise the groundwater levels in the
Chalk aquifer. The CTRL extraction now forms a part of this
wider ambit GARDIT programme. CTRL are now the guaran-
tors of the water level for a 3km radius, for an 80-year pe-
riod.

5.2 Wider development

The CTRL alignment through Stratford was envisioned to
spearhead a wider regeneration strategy. The development
that has occurred in the area since the late 1990's has been
significant and wide spread. An area, which was predomi-
nantly a brownfield site in the 1990’s, is now the home of a
multi-billion pound development which features a host of
Olympic legacy sporting facilities, housing and commercial
premises and attracts more future development.

As a result, significant construction projects have also influ-
enced the groundwater level in the area. The Power Cables
Under Ground (PLUG) project was carried out by National
Grid and EDF to divert the aerial high voltage distribution
cables underground at the Olympic Park. The construction
of the energy tunnels required dewatering from 2005 until
2012. Further development has occurred and continues to
occur in Stratford, as part of the Olympics Legacy
masterplan. Such development has generally shorter design
life than the Stratford Box. It has been designed and con-
structed for the lowered groundwater level underwritten by
CTRL (-10mOD) and benefitted from the associated lower
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construction costs. A tension pile system at Stratford box
would have resulted in a less attractive area for developers,
with a higher cost in dealing with the higher water table.

5.3 Potable Supply

London is expected to experience increasing water stress in
the future. Thames Water is responsible for sourcing strate-
gic supplies to secure future supply. The dewatering design
intended that the extracted water could be used for public
supply and Thames Water has been licensed to abstract
from Stratford since 1st January 2009. However, records
since 2009 until 2014 provided by Dr Michael Jones at
Thames Water show that this resource has only been used
over a period of 6 months, with a total of 480ML abstracted
from April until November 2012.

6 CARBON COMPARISONS

Engineers are increasingly required to consider carbon in
their decision making process, in a bid to make more sus-
tainable, but also more cost-effective design decisions (HM
Treasury, 2013).

The permanent dewatering solution at Stratford was select-
ed due to its lower capital cost; whole life carbon and cost
were not considered at the time of the CTRL design. This
review of the operational data available tests the long-term
implications of the permanent dewatering solution, by com-
paring to the alternative tension pile solution in terms of its
carbon footprint.

The boundary for this analysis has been drawn to only in-
clude only the differences between these two contrasting
engineering solutions. The majority of the carbon capital
footprint of the Stratford box is shared and so only the as-
pects associated with the piles or dewatering are included.

6.1 Capital Carbon
6.1.1 Tension Pile

A study by Chau et al. (2011) showed that pile-slab struc-
tures are dominated by material embodied (capital) energy/
carbon. Due to this, the scale of the CTRL project and to
simplify the calculations, the transportation of materials to
site was excluded. Uncertainty in the carbon attribution of
materials is reflected in the range given in Figure 4.

14000

Concrete

. Steel

Embodied Carbon (tCO2)

Lower Bound Upper Bound

Range of uncertainty

Figure 4 Tension pile capital carbon range
6.1.2 Permanent Dewatering
The capital carbon of the solution was estimated using the
as built drawings and technical specifications; they are illus-
trated in Figure 5.
6.2 Operational Carbon
6.2.1 Tension Pile

This design was assumed to have no operational costs.
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6.2.2 Permanent Dewatering

Actual dewatering abstraction records from the Stratford
box were not available for review at the time of writing. An
estimate of the abstraction quantities is based on the annu-
al abstraction estimations by the EA (2014). Abstraction
volumes for the Stratford area are given for two different
years. The single biggest dewatering scheme in the area is
the Stratford box and so this value can be attributed to its
operation.

e -
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Embodied Carbon (tCO2)
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= pumps

Capital

Permanent Dewatering

Figure 5 Permanent dewatering capital carbon

There is little information available on how this abstraction
has evolved since its installation. As would be expected,
pumping has increased in more recent time as the water
level has continued its recovery and nearby dewatering
schemes have seized. A coarse indication of pumping rates
since 2002 is based on a linear interpolation of the available
data. These values, combined with pumping specification,
allowed for an estimation of the carbon emissions, as dis-
played in Figure 6.
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Figure 6 Estimated carbon emissions from permanent de-
watering (2002 to 2013)
6.3 Comparisons to date

The CTRL project has an 80-year year design life. Figure 7
shows the estimated comparative carbon costs from 2002
to 2082.

10000

B Operational

Capital

Carbon Footprint (tCO2)

Tension Piles Dewatering

Engineering Option
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Figure 7 Tension pile and dewatering capital and opera-
tional carbon comparison *the mean capital carbon is
adopted for tension pile option

These two solutions offer an interesting carbon comparison,
as their footprints contrast considerably. The tension pile
solution is almost entirely a capital carbon cost, with no
operational carbon cost accrued over the use of the infra-
structure. Conversely, the dewatering solution has little
carbon invested in its construction, rather the majority is
found in its operation. The carbon credentials of the de-
watering are closely linked to the carbon cost of its electri-
cal supply and should improve as decarbonisation of the
energy supply continues. Such contrasting carbon attributes
lead to difficulty in their comparison. Traditionally, carbon
assessments have focused on the capital material, embod-
ied carbon cost, as it is generally the predominant aspect.
However, such methodologies are not appropriate for op-
erationally dominated activities, such as permanent de-
watering, as is shown in Figure 8. This case study illustrates
how such methodologies, if used at design appraisal stage,
could lead to short sighted decisions.

Figure 8 Estimated capital and operational carbon split of
permanent dewatering for 2002 to 2082 time period.

7 FINANCIAL COST COMPARISON

Based upon estimations from 2002 until 2013, costs are
extrapolated to 2082. There is significant uncertainty sur-
rounding future energy prices, they were assumed to grow
at the same rate as the 2002-2013 period. It is shown in
Figure 9 that the dewatering solution has had a lower finan-
cial cost. However, projecting into the future considering
energy price possibilities show a significant liability. Since
2002, when the box was constructed, until 2014, electricity
prices have increased by 100% (Bolton, 2014).

8 Operational

£ Cost (million)

Capital

Tension Piles Dewatering

Engineering Options

Figure 9 Capital and operational financial comparison of
dewatering and tension piles for 80-year design life

8 CONCLUSIONS

From this analysis, it is clear that the design of large infra-
structure projects cannot account for all future development
scenarios. It would not have been possible for the designers
in 1997 to foresee the development that has occurred in the
Stratford area in the past 15 years.
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The difficulty in contrasting engineering options, which are
capital or operational carbon heavy has been highlighted.
This has been a much needed carbon and cost case study,
which, against all expectations, demonstrated the dewater-
ing option to be a whole life cost and carbon preferred solu-
tion. However, there is still a real need to better consider
how externalities may impact on this design into the future.

As concerns grow over energy security, it is imperative that
the QRA is reassessed and necessary measures taken if
required. The recent developments take the current water
level as granted and have made little consideration for it
rising. In the event of dewatering failure, the ramifications
are no longer limited to damage to the CTRL itself.
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Dealing with Sediment: Effects on Dams and
Hydropower Generation

Greg Schellenberg, C. Richard Donnelly, Charles Hold-
er and Rajib Ahsan

How do reservoir sedimentation and appropriate manage-
ment techniques affect operations of dams and hydroelec-
tric facilities? The authors cover the topic and provide illus-
trative case studies, including the 2,100 MW Aswan High
Dam in Egypt.

Although sedimentation of the world’s reservoirs represents
a serious threat to the sustainability of hydropower, there is
limited guidance on how best to address the problem. Sed-
imentation affects the safety of dams and reduces energy
production, storage, discharge capacity and flood attenua-
tion capabilities. It increases loads on the dam and gates,
damages mechanical equipment and creates a wide range
of environmental impacts. This article explores sedimenta-
tion issues as they pertain to hydropower facilities, dam
safety and the environment; discusses sedimentation man-
agement techniques; and describes how they can be im-
plemented to limit the impacts on hydropower.

Background

Reservoir sedimentation is a process of erosion, entrain-
ment, transportation, deposition and compaction of sedi-
ment carried into reservoirs formed and contained by dams.
In unregulated, mature rivers with stable catchments, sed-
iment processes are relatively balanced. Construction of a
dam decreases flow velocities, initiating or accelerating sed-
imentation,! resulting in progressively finer materials being
deposited (see Figure 1).

<«— Higher Velocity Lower Velocity ————»

Low-Level Qutlet
or Penstock

Live Storage

Delta Deposits Dead Storage

(Coarse)

Muddy Lake Deposits (Fine)

Figure 1 — Typical Reservoir Sediment Profile*
Typically, sedimentation in the reservoir behind a dam takes the
form of progressively finer materials being deposited as the flows

approach the dam.
*Adapted from Morris, G.L. and J. Fan, Reservoir Sedimentation
Manual, McGraw-Hill, New York, 1998.

There are three stages in a reservoir’s life:?
e Continuous and rapidly occurring sediment accumulation;

e Partial sediment balance, where often fine sediments
reach a balance but coarse sediments continue to accumu-
late; and

e Full sediment balance, with sediment inflow and outflow
equal for all particle sizes.

Most of the world’s reservoirs are in the continuous accu-
mulation stage.? Many were designed by estimating sedi-
mentation rates in order to provide a pool with sufficient
volume to achieve a specified design life. However, this
design life is typically far less than what is actually achieva-
ble. Therefore, managing reservoirs to achieve a full sedi-
ment balance is essential in order to maximize their lives.

Developing regions of the world that stand to benefit most
from hydroelectricity are often those with the highest sedi-
ment yields (see Figure 2).3 In these regions, sustainable

hydropower development must involve consideration of sed-
iment management techniques during design, construction
and operation.

Regional Sediment Sediment Discharge to Installed Hydroelectric Capacity

Yield (tons/km?3/yr) Oceans (Megatons/yr) excluding Pumped Storage (MW)

° <50 t <100 No Data == 5,000-10,000
© 50-100 ¥ 100-200 <100 = 10,000-20,000
© 100-200 200-300 £ 100-500 =W 20,000-50,000
© 200-400 300-1,000 £ 500-1,000 == 50,000-100,000
© 400-800 1,000-2,000 ¥9 1,000-2,500 == >100,000

© >800 * 2,000-6,000 == 2,500-5,000

Figure 2 - Comparison of Hydroelectric Potential and Sedi-
ment Production*

Developing regions of the world that stand to benefit most from
production of hydroelectricity are often those with the highest sedi-
ment yields.

*Installed capacity data and sediment yield data adapted from In-
ternational Hydropower Association 2015
Hydropower Status Report, figure adapted*®

Sediment impacts on generation

About 0.5% to 1% of the total volume of 6,800 km? of wa-
ter stored in reservoirs around the world is lost annually as
a result of sedimentation.? As a result, global per capita
reservoir storage has rapidly decreased since its peak at
about 1980. Current storage is equivalent to levels that
existed nearly 60 years ago.?

Loss of reservoir storage reduces flexibility in generation
and affects the reliability of water supply. Without storage,
hydropower facilities are entirely dependent on seasonal
flows. These flows might not occur when energy is needed,
eliminating one of the key benefits that hydropower pro-
vides over other renewables.

Sediments discharged from an upstream dam in a cascade
system can increase tailwater levels, reducing power gener-
ation.! This would impact the generation potential of all
plants in the cascade and increase the possibility of power-
house flooding.

Sediment impacts on stability

Sediment loads are commonly idealized as a static at-rest
soil pressure. The U.S. Bureau of Reclamation’s design
manual for small dams suggests that sediments be consid-
ered equivalent to a fluid with an implied pressure coeffi-
cient of about 0.39 and an internal friction coefficient of
about 37 degrees.

However, actual reservoir sediment properties can vary
considerably. Unconsolidated fine-grained sediments likely
have lower shear resistance and a higher at-rest pressure
coefficient, while a reservoir filled with coarser sediments
may have a higher shear strength.!

Published criteria with respect to potential changes in uplift
pressures due to sedimentation often neglect the fact that
fine-grained sediments may reduce uplift in the same man-
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ner as does an engineered upstream blanket. Conversely, in
the case where there is a large turbid inflow, higher uplift
pressures would be expected until enough particles had
settled to form a blanket.

During a seismic event, it is likely that liquefied sediments
would quickly return close to their original state, resulting in
a rapid dissipation of pore pressures. Therefore, it may be
questionable to automatically assign higher uplift pressures
in this case.

Commonly used design considerations can omit some plau-
sible load cases. For example, an underwater sediment
slope failure could cause surface waves, adding additional
loading, hydro-dynamic pressure waves and an inertial
loading from the dense fluidized soil-water mass. Another
phenomena commonly ignored relates to turbidity currents
in reservoirs. Such turbid fluid with a sediment load of 100
mg/| could be about 6% heavier than clear water.!

Submarine landslides are widely studied because of their
potential to create tsunami waves. However, designers also
need to consider the potential that failure of the steeply
sloped deltaic front could increase loading and produce
compression waves that may fluidize finer sediments near
the toe of the landslide. As the deposition advances toward
the dam, the potential for issues progressively increases.

It is often assumed that, during an earthquake, sediments
fully liquefy, lose all strength and exert a dense fluid hydro-
static load on the dam. However, this degree of fluidization
likely is not possible in a reservoir filled with coarse materi-
als. Designers also often assume that the fully fluidized
dense fluid contributes to hydro-dynamic pressure loading
based on Westergaard’s formula, ignoring the physical basis
for its derivation. In fact, there is some question about the
applicability of Westergaard’s formula for hydro-dynamic
pressures.

Designs also need to consider the degree of saturation of
the sediments. There is minimal system damping under
dynamic loading when reservoir sediments are fully saturat-
ed. However, significant reductions in acceleration occur
when sediments are partially saturated.*® For rigid founda-
tions, hydrodynamic pressures decrease slightly at the dam
base when sediments are fully saturated but increase when
partially saturated.® Partial saturation will increase the sys-
tem’s response to horizontal ground movement.® Sediment
thickness is an important consideration, especially when the
sediments are partially saturated.® Thin layers result in min-
imal absorption of horizontal motions, largely due to a rela-
tively high modulus of elasticity and low attenuation coeffi-
cient.® Over the reservoir life cycle, this changes as sedi-
ments continue to accumulate.” Other important factors are
sediment density, compressibility and pore water pres-
sure.>’

This dependence on sediment properties makes a strong
case for their measurement and inclusion as part of the
design.* However, designs are performed before sedimenta-
tion occurs and the same sediments that are stable under
normal conditions and absorb energy at the bottom of the
reservoir could liquefy. For this reason, the use of a reser-
voir bottom reflection coefficient must be logically linked to
assessment of the reservoir sediment behavior and ongoing
monitoring.

Sediment impacts on discharge capability
Sediments will often block low-level outlets designed to

allow for reservoir drawdown.! As sedimentation continues,
clogging of spillway tunnels or other conduits may occur.!

Reduction of spillway capacity can occur as a result of the
loss of approach depth when the sediment front reaches the
dam. The reservoir becomes a delta-filled valley that takes
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a meandering course such that a flood wave does not
spread out to allow flood routing.

Sediment impacts on equipment

Sediment can damage turbines and other mechanical
equipment through erosion of the oxide coating on the
blades, leading to surface irregularities and more serious
material damage.® Sustained erosion can lead to extended
shutdown time for maintenance or replacement.®

Many factors determine rates of mechanical abrasion. Of
particular importance is sediment type and physical charac-
teristics. Angular sediments composed of minerals with a
Mohs hardness greater than 5 — such as quartz, feldspar
and tourmaline — are problematic. In addition, hydraulic
and facility operation parameters such as flow velocity, hy-
draulic head, turbulence, turbine rotation speed and turbine
material affect abrasion susceptibility. Impulse turbines,
such as Pelton or Turgo, are more susceptible to abrasion
than are reaction turbines.® However, runner changes and
needle tip/seat ring replacement are much easier with Pel-
ton turbines. Therefore, they may be preferable on the ba-
sis of the overall life cycle cost.

Abrasion can be reduced by selecting metals to increase
erosive resistance and/or by reducing the volume of fine
sediment that reaches mechanical equipment. Plants often
are designed to remove most of the coarse sediment parti-
cles. However, even silt can cause significant abrasion if the
quartz content and pressure head is high enough.® The
1,500 MW Nathpa Jhakri hydroelectric plant in India used
four desilting chambers that were successful in removing
coarser sediments. However, damage from the finer parti-
cles was so severe that parts of the turbines had to be re-
placed within one year.

Materials used commonly in sediment-prone hydropower
plants are stainless steels that are heat treated for harden-
ing and increased protection from abrasion.® Protecting me-
chanical equipment from sediment abrasion can also be
achieved with hard surface coatings of ceramic paints or
pastes or with hard facing alloys.® Research has shown im-
proved resistance to sediment abrasion when tungsten car-
bide-based composites are used as a surface coating.® In
undertaking such assessments, it is important to consider
the fact that abrasion will increase as the reservoir fills. The
Nozaki method can be used to assess turbine repair fre-
quency. The method accounts for the effective sediment
concentration, particle size and shape, the turbine material
and any coatings.

Turbine designs need to minimize peak velocities to reduce
impacts. For a Pelton turbine, fewer jets and larger runner
buckets with larger radii reduce centrifugal forces between
the sediment and runner surfaces. Regardless of the turbine
selected, designs must consider issues such as the ease of
runner removal for future maintenance.

Sediment impacts on the environment

Any dam will cause some degree of sediment starvation
downstream. Plant and animal species are sensitive to al-
teration of both the sediment supply and flow regime.?°
Increases in sediment concentration can create turbid wa-
ters with a smaller euphotic zone. This decreases plant
productivity, negatively impacting fish and bird species? and
causing abrasion of fish gills, thus increasing potential for
disease or mortality. Turbidity can also cause visual im-
pairment for predatory fish, affecting their feeding habits.
Finally, sediment is a primary carrier of suspended pollu-
tants such as nitrogen, phosphorous and heavy metals.'°

Sediments released as a result of sediment management or

a dam breach may have environmental effects that can per-
sist for decades.
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Numerical modeling of sedimentation and sediment
management strategies

A variety of tools are available for hydromorphological simu-
lation in order to optimize reservoir management:

e U.S. Army Corps of Engineers’ HECRAS model features a
movable boundary sediment transport calculation module
that was recently used to simulate sedimentation processes
resulting from hydropower development in northern Manito-
ba.'!

e MIKE 21 is a two-dimensional hydrodynamic model used
to simulate sedimentation processes that was used to as-
sess sediment deposition patterns and simulate the results
of future flushing operations at Boegoeberg Dam in South
Africa.'?

e The hydrodynamic, sediment transport and physical habi-
tat model FAST is used to simulate morphological processes
and changes to fish habitat within alluvial rivers.'® It was
used to predict hydromorphological conditions and to opti-
mize sediment flushing procedures prior to constructing new
hydropower facilities on the Nile River.

Sediment management solutions

Developing and retaining sustainable storage to satisfy
global needs requires inclusion of reservoir sediment man-
agement practices at project conception and throughout its
life cycle. These practices vary depending on the tope of
facility. For run-of-river projects, sediment management
aims to remove sediments that can cause abrasion of the
turbines and clog cooling water intakes. In a storage pro-
ject, this objective and extending reservoir longevity are
key.

For storage hydro, sediment management strategies to ex-
tend reservoir longevity can be classified into three catego-
ries:

¢ Those that divert some of the sediment through or around
the reservoir;

e Those that remove or rearrange sediment that has already
been deposited; and

e Those that minimize the amount of sediment reaching the
reservoir from upstream.

Many dam operators have implemented sediment manage-
ment techniques designed to achieve these goals.'* Some
examples are described below.

Bypassing

On-stream sediment bypassing diverts part of the sedi-
ment-laden water around the reservoir, typically using a
weir that operates during high flows when sediment concen-
trations are high.

An off-stream reservoir can be used such that only the clear
water is diverted over a bypass weir. An off-stream reser-
voir typically has limited capacity and can only exclude sed-
iments carried by higher streamflows.? However, it does
reduce the amount of suspended sediment and bedload
reaching the reservoir.'* Other advantages include the fact
that the reservoir and dam are located away from the main
river channel, allowing for minimal disruption to aquatic
species and habitat and reducing the need for large on-
stream spillways.? On the other hand, off-stream reservoirs
typically do not permit maximization of generation capacity,
especially in areas that depend on high stream flows occur-
ring over a short period of time.?

Sediment bypassing works best in areas of high relief where
the sediment-laden flows are carried efficiently through the
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diversion tunnel or channel. Bypassing is most cost-
effective at dams that are on the bend of a river, as this
allows for a relatively short diversion between the weir and
the downstream side of the dam.*

Sluicing/drawdown routing

This technique involves lowering the reservoir water levels
in advance of high streamflows so that water and sediment
can be routed through the spillway at high velocities. Refill
occurs during the receding limb of the flood hydrograph.?**
Sluicing methods depend on the facility’s hydrologic charac-
teristics and reservoir size.

Dredging

Dredging can be efficient but it will continue for the life of
the project and can have significant cost impacts. For ex-
ample, dredging of 6 million m? of sediment at the Loiza

reservoir in Puerto Rico in 1997 cost $10/m3.%2

Flushing

Flushing involves emptying the reservoir by opening bottom
outlets and allowing the incoming streamflow to scour sed-
iment.>* The effectiveness varies but, generally, only a
“core” of sediment along the original channel thalweg is
qushe;:i. Sediments on the sides of the reservoir remain in
place.

An alternative method is pressure flushing, where the res-
ervoir is partially drawn down before flushing. This redis-
tributes coarse upstream sediments closer to the dam, alle-
viating their impacts, but often does not clear the finer sed-
iments.?2 Pressure flushing is also used for sediment
edistribution, moving them to a less sensitive location.

Erosion control

Many watersheds experience increased erosion rates due to
land use and other human practices. Erosion reduction
techniques fall into three categories: structural or mechani-
cal, vegetative and operational.!

Structural or mechanical measures — such as terraces, con-
veyance channels, check dams and sediment traps'!* —
decrease overland or channelized flow velocity, increasing
surface storage and thereby reducing the sediment load in
the runoff.

Vegetative erosion control takes advantage of plants’ natu-
ral ability to limit erosion. Agricultural practices that mini-
mize sediment yield are particularly effective.

Operational measures minimize erosion through planning,
management and organization. Examples include timing
construction work such that erosion is minimized or sched-
uling timber harvesting to coincide with favorable soil condi-
tions.*

Erosion management is perhaps the most widely recom-
mended but most poorly implemented sediment manage-
ment technique because land users may not see any direct
benefits from controlling sediment yield.?

Selection of optimal sedimentation management
techniques

The appropriate sedimentation management practice is a
function of the reservoir life, expressed as the ratio of res-
ervoir volume (CAP) to mean annual sediment inflow to the
reservoir (MAS), and retention time represented as a func-
tion of the ratio of CAP to the mean annual incoming flow
(MAF). Selection of the optimal sediment management
techniques can be estimated based on precedent experience
and these factors (see Figure 3).
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Figure 3 — Sediment Management Techniques Related to
Reservoir Life and Retention Time*

The selection of the optimal sediment management technique for a
reservoir can be estimated based on precedent experience and other
factors, such as the ratio of reservoir volume to mean annual sedi-
ment inflow and retention time.

*Adapted®

Case studies

The case studies discussed below illustrate a range of sedi-
ment management concerns as well as strategies taken to
mitigate them.

Aswan High Dam, Egypt

The 2,100- MW Aswan High Dam project on the Nile River in
Egypt includes a 111 m high dam that impounds a 130 km?
reservoir.'® This dam has been controversial, largely due to
concerns regarding sediment starvation of the Nile River
Delta.'®

Before construction of this dam, the Nile River transported
an average of 100 x 106 tons/yr of sediment to the Nile
River Delta in the Mediterranean Sea.!® Today, with a trap-
ping efficiency of 99%, little sediment reaches the delta.>'®
While the live storage capacity of the Lake Nasser/Nubia
reservoir upstream of Aswan High Dam is not expected to
be compromised for another 300 to 400 years,'” the ad-
verse downstream impacts have been widely reported.'®
Erosion along the Mediterranean coast of Egypt has been
ongoing for centuries, but the sediment trapping has com-
bined with sea-level rise and other factors to exacerbate
coastal erosion problems.*®

Dez Dam, Iran

The 520 MW Dez hydroelectric project in southwestern Iran
features a 203 m-high concrete arch dam. Reservoir sedi-
mentation has caused the riverbed to rise by about 2 m per
year, resulting in the loss of about 19% of reservoir storage
during its 40 years of operation. As of 2016, the reservoir
bed was now within 12 m of the power intakes, such that
sediment may be drawn into the tunnels within a decade.

Sediment management strategies considered for the Dez
project included watershed management, sediment flushing,
tactical dredging near the power intakes, and heightening
the dam. The optimal solution was determined to be sedi-
ment flushing, managed by means of powerhouse and spill-
way operation changes.
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Another issue was the fact that sediments had risen above
the low level outlets. As sluicing of the sediments through
the Howell-Bunger valves introduced a risk of damage to
the valves, a physical model was built to evaluate replacing
these valves with radial sluice gates. Results showed that
the downstream river reach could not tolerate the amount
of scour associated with this modification, so the Howell-
Bunger valves were redesigned with abrasion-resistant ma-
terials.

Three Gorges, China

In China, the extent of this issue has led to the develop-
ment of innovations in sediment management.,;s Four main
sediment management strategies have been adopted. They
are: storing the clear and releasing the turbid, releasing
turbidity currents, sediment flushing, and dredging.*®

The 22,500 MW Three Gorges Project on the Yangtze River
is the world’s largest hydropower facility. The dead storage
portion of the Three Gorges reservoir (17 billion m?) is de-
signed to be filled with sediment in about 120 to 150 years.
The remaining 22 billion m? is to be retained indefinitely by
flushing.'® During the June to September flood season,
when 50% to 60% of the annual runoff transports much of
the sediments in Chinese rivers,® operators draw down the
reservoir, retaining clearer water for the rest of the year.
This strategy has been effective for reducing sediment im-
pacts at both Three Gorges Dam and the Sanmenxia Reser-
voir, with a 400 MW powerhouse.®

Conclusions

The world’s reservoirs are used for many purposes, among
them to provide reliable water supply, hydropower and flood
mitigation. Sustainable hydropower requires dealing with
the important issue of reservoir sedimentation.

This article describes sedimentation processes, identifies
key impacts of sedimentation on hydropower facilities and
presents techniques that can be used to address these im-
pacts. Sedimentation can affect hydropower production due
to loss of reservoir storage and/or damage to the facility’s
mechanical components. Sediments deposited in reservoirs
may affect the safety of dams and, without proper man-
agement, negatively impact the environment.

Methods of managing sediment fall under three general
categories: those that divert sediment around or through
the reservoir, those that remove deposited sediments, and
those that minimize the amount of sediment reaching the
facility in the first place. A variety of sediment management
strategies have been used around the world, with many
successful implementations documented.

This discussion highlights the need for appropriate sediment
management at hydropower facilities and shows how this
can be achieved through consideration of sediment concerns
from the earliest design phase through to construction and
operation.

Editor’s Note: This is an abridged version of a much longer
article on the topic. To read the article in its entirety, visit
www.hydroworld.com/index/hydro-library.html.
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N®g o Aiya dsuTepoAenTta pnopouv va cwOoUV NoAAEG
{WEG Kal va nepIopicOoUV o1 anwAeleg

Ano dnuooicuua Tou AME-MIE, Tnv Tpitn, 21 ®gBpouapiou,
2017 (1n¢ Suapwc ABpauidou)

MNw¢ 6a avridpoloav ol MOAITEG Kal TO OPYAVWHEVO KPATOG
otnv EAAGda, eav yvopilav OTI €xouv oTn d1A0e0T TOUG €AA-
XI0Ta OeUTEPOAENTA, MPOKEIPNEVOU va avTidpAaoouVv Ot enep-
XOMEVO 10XUpO OeIopd; Mnopei pia oAOKAnpn NoOAn va npoy-
pagparioTei o€ ... «safe mode», Tn OTIYUR NOU TA CEIOUIKA
KUuaTa 8a eBavouv o€ KPIoIPEG UNODOUEG TNG, ONWG OXOAEI-
a, voookopeia, pvnueia, dnuooia KTipla kal JikTua KOIVAG
wEeEAelag; Kal TI aoknoeig katd Tou navikoU cuvioTavTai
OTOUG MOAITEG, TN OTIYUN TOUu ouvayeppou; H a&ionoinon piag
TOOO KpioIuNg nAnpogopiag, dnwg n nposidonoincn ceIgUoU,
Kal yaAiora Pe akpipn npoogyyion yia To Peyedog Tng dovn-
ongG Kal TIC avapevopeveg {nuigg, duvartal va owoel avlpwni-
veg {weG Kal va NpoAdpel kKataoTpoPes. MNwg, oUW, Yiveral n
diaxeipion Tng;

O1 300 NPWTEG MIAOTIKEG E€PAPMOYEG EVOG OAOKANPWHEVOU
OUCTNMATOG €yKaipng npoegidonoinong oeiopwv  Eekivnoav
otnv EANGOa oxedov TauTdOxpova oTo MAQicIo TOU gupwnai-
KoU €PEUVNTIKOU npoypauuaTog REAKT
(http://www.reaktproject.eu/) kar ulonoiénkav yia Tnv

2. Opyava povipou Siktiou kataypddouv T
S51a600n TWV CELOUIKWY KUMATWV Kot arneuBeiag
petadidouv ta Sedopéva oto KEVTPO EAEyXOU,
omou autopdtwe nipoodlopilovtal n Béon

Kat To péyeBog tou oelopol

1. Katd tnv ekdnAwon evog oetopol
Stadidovral kUpata TPLWV TUTIWV:

Ta tayVtepa P kUpata (mpwtevovta)

KOLL T TNEOV KATOLOTPETTTLKA, Ta ETULDAVELAKA
Kat S kupata (Seutepevovta)

EMLPAVELOKA

OElOIKG Phiyua s

EMIKEVTPO

noAn Tng ®socalovikng anod tnv Epeuvnriki Movada Edago-
duvapIkngG Kal FEWTEXVIKNAG ZEIOPIKAG MNXavikng Tou ApioTo-
Tehgiou MavenioTnuiou Geooalovikng (AMO) kai yia Tnv ne-
ploxn TnNG Yépupac Piou- AvTippiou and To MavenioThuio
MNatpwv.

«EKTipnoN O€I0HOU KAl anwAEI®OV GE NPAYHATIKO XpO-
vo!»

Ta ouoTnuaTa &ykaipng npoe€idonoinong CEIOPWV KaTa Ka-
noiov Tpdno «aiobavovrai» Tig JOVNOEIG, MOU EPYXOVTAl.

Kata Tnv ekdnAwon €vog Ioxupou osigpoU diadidovTal oc€io-
MIKG KUpaTa Tpiwv KUplwv TUnwv: Ta TaxUTepa npwTta KUpa-
Ta «P» kal T@ N0 KATAOTPENTIKA, NTOI TA «EMIPAVEIAKA» KAl
Ta «S» kUparta. ‘'Opyava povigou dIkTUoU og d1APopeg BETEIC
kataypagouv Ta «P» kupaTta kal aneuBeiag peTadidouv Ta
dedopEva O KEVTPO EAEYXOU, ONOU AUTONATWC unoAoyileTal
N avapevopevn €vTaon Tou OEIOHIKOU kpadaopou kal diveral
avTioTpo@n METPNON MEXP!I TNV APIEN TWV EYKAPOIWV Kal
ENIPAVEIAKWV KATAOTPENTIK®OV OEIOHIKOV KUPATWV.

«'Eva oAokKAnpwpévo oUoTNUa €ykaipng npoesidonoinong &-
vavTl enepxOPevou osiopgol ouvodeUeTal, ekTOG and Tnv ek-
Tiunon Tou avapevopevou osiouol (PEyebog, anooTacn Kal
XPOVOG APIENG O pia B€an), YE TNV APEON Kal O Npayparikod
XPOVO EKTIUNON TwV AVAPEVOUEVWV {NUIOV KAl AnwAEIRV,
KUPIWG O€ KPIOINEG UNOJOKEG KAl ONUAVTIKA KTipia», A€l aTo
AME-MME o kabnynTng Kupialng MTIAakng, AleuBuvTng Tng
EpeuvnTikAG Movadacg Eda@oduvapikng kal MEwTeXVIKAG Se-
IOHIKAG Mnxavikng Tou TuRpaTtog MoAMITIK@V MNYavik@v Tou
ANOG.

'Onwg disukpivilel, To NpwTo oTAdIo TNG nposidonoinong a-
(Popa Mia ekTignon Tou ndgo 10XUpOG Ba sival o Kpadaouog
Tou £3d@OUC anod £vav CUYKEKPIYEVO OEIONO, OE GUYKEKPIUE-
vn anooTacn and To YEVECIOUPYO PrYMaA TOU CEIOHOU, EV®
To JeUTepo OTAdI0O aPopd TNV €EEIDIKEUPEVN EKTIUNON Tou
emnédou BAaBwv, nMou evOEXETAl va MPOKAAEDEl 0 Kpadao-
MOG og €va KTiplo 1| pia unodopn, apkei va é€xel nponynOei
KaTaAANAN UEAETN TOU KTIpiou 1 TNG unodoung, yia va ivai
YVWOTO NWG AnokpiveTal oTov €KACTOTE £5a@IKO Kpadaouo.

4. Na kplowa ktipla kat urtoSopég eivat
Suvarth n ektipnon tou eruédou PAGPNG
oe oxeSOV PAYUATIKO XPOVO, WOTE va
ONUAVEL 1) OXL cLVAYEPHOG Kat v AndBoulv
v~ QUECQ OL OXETLKEG ATTODATELS
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HAVUHA VLA TNV QVOUEVOREVN
évtaon Kat Xpovo adi§ng tou
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sxnua 1. SuoTtnua €ykaipng €1donoinong yia CeIoIKn dovnaon
(EpyacoTnpiakn Movada Edagoduvapikng kal MFEwTeXVIKNAG SEIOUIKNG Mnxavikng AMo)

TA NEA THZ EEEEI'M - Ap. 99 - ®EBPOYAPIOZ 2017

>elida 12


mailto:kpitilak@civil.auth.gr
http://sdgee.civil.auth.gr/
http://www.reaktproject.eu/

«MNooeg (wég diapkouv 10 dsutepOAenTa;»

EUAoyo epwTnua eival noieg 51adIKACieg —AUTOUATOMOINUEVEG
Kal pn- pnopei va npoBAe@Bouv, 6Tav To nNePIBWPIO aAvTid-
paong nou eEac@alilel éva cuoTnua éykaipng eidonoinong
OEIoPV €ival TNG TAENG MEPIKWV OeUTEPOAENTWY... lMNa na-
padeiypa, T yiveral, av npenel va ekkevwOei €va VOOOKOEi-
0; «Meg KaTaAANAN opyavwaon Kai 0 XpOvog TWV PEPIKWV dEU-
TEPOAENTWV gival {WTIKAG onuaaciag kal Pnopei va omoel {weg
Kal neploucisg», diaBeBaiwvel o K. MTIAGKNG kal e€nyei: «Ma
Ta eAANVIka dedopéva, nou o Xpdvog avTidpaong oTnv nAel-
owneia Twv “cuvayepuwv”’ Ba sival OXETIKA MIKPOG -iowg
MIKPOTEPOG TV 10 deuTepoAénTwv- BOa npenel va AngBoluv
€10IkG PETPA ATOMIKAG NpooTaciag kal va opyavwoei kaTtaA-
AnAa To cuoTnua avTidpaong Tou NAnBuopoU Kal Twv apuo-
diwv Qopewv. MoAAG pnopouv va yivouv oe 7-10 deuTepoO-
Aenta (xpoOvog avTidpacong yia CEIOPO avTioToIXO ME auTOv
Tou 1978 yia Tn Osgocalovikn). MNa napddsiypa, va dobei
€VTOAN and Tov nUpyo evaEpiag KUKAoOQpopiag Tou agpodpo-
diou “Makedovia” va kabBuoTepnaosl Yia Npooysiwon, va aki-
vnTonoinBouv Bapid unxaviuata oTiG npoBAnTeg Tou OAO,
va diakonei n napoxn guaoikoU agpiou N GAAWV £niKivOuvwv
UAIK®V, 1) n Kivnon oUuppmv Tou PETPO OTav PE TO KAAO ap-
XiO€l va AsIToupyei, va 31aKonei Npoowpiva pia AENTR XEIpo-
upyIkf enéuBacn oto AXEMA, akoun kal ol JaénTég evog
oxoAgiou va napouv kanoia noAU Bacika PETPA auTOoNpooTa-
oiag n.x. «va pgnouv kAaTtw anod Ta Bpavia».

O kabnynTng dieukpivilel, NAvTwg, OTI PMETPA ONWG TA napa-
navw Ba npénel va AngBouv, oTav To eninedo ouvayeppou
KAl N TPWTOTNTA KAMOIOU KTIPIOU €ival OTO «KOKKIVO». «Ag
onuaivel 0TI yia Kabe osiopyd Ba npenel va yivovtal 6Aa auTd.
Kal edw akpiBwg BpiokeTal n PJeyain onuacia Tou oucoThua-
TOG Yia To onoio ounTaue», Tovidel.

«H Baocikn unodopn yia To oUCTNHA undapxel oTnv EA-
Aada»

Xpelaleral n EAAGDa €va oAokAnpwpévo oloTnua €ykaipng
nposidonoinong enepxouevwy oeiopwyv; O K. MTIAGKNG &KTI-
MG nwg «Ba ATav Xpnoihgo va undpxel ocluoTnua £ykaipng
€1d0Moinong Nou va KaAunTel Tov EAAadIKO XWPO OTO GUVOAD
TOU Kdl KUPIWG TIG HEYAAEG NOAEIG KAl KPIOILEG UNOJOWEG M. X.
To oUOTNHA NAPAYWYNG Kal HETAPOPAG NAEKTPIKNAG EVEPYEIAG
I BIOUNXAVIKEG €YKATACGTACEIG». SNUEIWVEI OE WG «MOAU Be-
TIKO onueio», ge oxéon Pe To 0TADIO EKTIUNONG TNG OEIOHIKNAG
dovnong, 0TI «n Bacikn unodour Mou anaiTeital yia va arn-
pi&el €va TEToOlO ouoTnua unapxel Adn kai €ival Ta poévipa
JiKTUQ OEIoCHOYPAPWY KAl ENITAXUVOIOYPAPWV TwV d1apopwV
EPEUVNTIKWV POPEWYV TNG XWPAG».

«AUTO nou xpelaleTal gival va yivel pia guvToviopévn 81a0e-
on avpwnivou duvapikoU and Ta €pEUvNTIKA KEVTPA Kal Ta
MavenioTApia, €T0I WOTE TOo oUOTNPA va AE&ITOUPYNOEl, va
BaBuovoundei, va eAeyxBei n a&lionioTia Tou Kai va npoTtado-
UV OUYKEKPIPEVEG avaBabpuioeig/BEATIOOEIG TNG undpxouoag
UnodounG», €MIONKaivel, eV yia To OTAdI0 EKTIMNONG TWV
BAaBwV JlEUKpPIVIlEl NWG «UNAPXEl N OXETIKR TEXVOyvwaia
TouAdxioTov oto EpyacTthplo pag, onwc 8a qavei kar atnv
OuVvEXEla, aAAG BpIOKOPACTE AKOMN HAKPIA and Wia ouoTnua-
TIKA Kal KaBOAIKN €papuoyn».

Se O,TI aQopd TN oTaon Twv appddiwv Popiwv TG MoAiTeiag
€vavTl TWV MOAITIKOV NPOANYNG Yid TOUG CEIOUOUG 0 Kadn-
yNTAC snionuaivel TAv avaykn yia «yia piikn avapoppwaon
autoU nou AEyeTal MOAITIKA npodtacia otnv EAAGda, waote
va €KOUYXPOVIOOEI Kal va anokTnoel TIG duvaTdTnTeg nou
xpelaleTal yia va €nITEAECEl TO OKOMNO TNG AMOTEAECHATIKA
Kal yia To KaAd Twv NOAIT®V, TNG OIKOVOMIAag Kal TNG KOIVw-
viag yevikoTepa».

«Ano 1o AXEINA €1donoifoeig yia 6An tn ®gcocalovi-
KI‘]»

To ouoTtnua éykaipng €1donoinong, We TN HOPYNn Mnou @ap-
MOleTal miAoTika otnv EpeuvnTikr) Movada Tou AMO, agopd
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OAOKANPO TO MOAE0JOMIKO OUYKPOTNHA TnG @gcoalovikng,
dnAadn unopei eUkoAa va napéxel 1donoinon og onoiodnno-
Te onueio TNG NOANG. H npwTtn oAoKANpwuEVn MIAOTIKA €-
(papuoyrn ToU CUCTANATOC AUEDNG EKTINNONG TWV AVAUEVOUE-
vwv BAaBwv and ioxupn osiopikn ddvnon éyive oe €va anod
Ta kTipia (otn Neupoloyikry KAIVIKR) Tou navenioTnuiakou
voookopeiou AXEMA.

H Ap. Zageipia PoupehiwTn, ano Ttnv EpeuvnTikn Movdada
Eda@oduvapikng Kal FEWTEXVIKAG ZEIOPIKAG MNXavikng Tou
AlMNO e&nyei oTo AME-MIME: «Katd Tn SIApKEIQ TOU €PEUVNTI-
KoU npoypappaTtog REAKT kal og cuvepyacia UE TO €peuvn-
TIKO KEVTPO GFZ Helmholtz-Zentrum Potsdam Tng Meppaviag
£YIVE gykaTaoTaon 13 eniTaxuvaoloypa®pwyv oc d1agopa Kou-
BIkG onueia kal gg dIAPOPETIKOUG 0pOPOUC TOU KTipiou. Ta
dedopEva nou GUAAEXBNKav Xpnoigonoinénkav yia TNV ekTi-
HNon TNG ONMEPIVAG NPAYHATIKAG KATAOTAONG TNG TPWTOTN-
Tag Tou KTipiou, AauBavovTag undywn napdyovreg onwg n.x.
n yneavon Twv UAIKOV KATAOKEUNG TOU ano Tnv €noxn nou
KTioTNKE PEXP! onuepa. Ta anoTeAéopaTta TnG €10IKAG AUTAG
MEAETNG MMoOpoUV nNAgov va ouvduaoTolv pe To oUoTnua
£€ykaipng €1donoinong Kal s nePINTWon 10Xupou oeIguoU va
d00¢ei dpeoa (evrdg Aiywv deUTEPOAENTWY ANO Tn YEVEON TOU
ogiopoU) Jia ekTignon Tou sminédou BAaBwv nou sival mba-
VOTEPO VA NAPOUGCIATEl TO GUYKEKPIMEVO KTipIo».

«To OXETIKO JiKTUO BpPIOKETAlI O gUveXN AsiToupyia napda To
OTI TO €PEUVNTIKO Mpoypappa REAKT €xel nAEov OAoOKANpw-
Bei kal o apiBuodG TWV UNG NapakoAoUBNon KTIpiwV EVTOG TNG
MavenioTnUIoUNoANg €xel avéABel nAgov ot 3 PEOW TNG U-
NooTAPIENG TWV EPEUVNTIKWV HAG npoonabsi®v ano Tov Eidi-
k6 Noyaplacuo Kovduliwv 'Epeuvag Tou AMNO>», npocBETEl.

Se O,TI apopd Tov Xpovo avTidpaong nou eEacpalilel To v
AOYW® oUuoTnPa n K. POUMEANIOTN napaTtnpei: «Z€ YEVIKEG
YPAUUEG, 0 Xpbdvog avTidpaong eEapTaTtal and To NOCo Hak-
pIG ano Tn B€on evdiaPEPOVTOC BPIOKETAI TO EMIKEVTPO TOU
oelopou. ‘000 nio pakpivog €ival o oelopdg, TOOO HEYAAUTE-
pogG €ival o xpovog avTidpaong. Ztnv EAAada, av BupunBoupe
TOUG MI0 (OoVIKOUG CEIOPOUG TwV TeAeuTaiwv dekasTiwv (Ka-
AapaTa 1986, Aiyio 1995, NapvnBba 1999), eUkoAa cuunepa-
ivoupe 0TI To NPOBANKA pag dev gival TOOO ol PeydAol pakpl-
voi ogIohoi, aAAG ol Peoaiou PeYEBOUC, KOVTIVOI OTIG MOAEIG
Hag O€IoWoi. € AUTEG TIG NEPINTWOEIC 0 XPOVOoG avTidpaong
gival TNG TAENG Twv MEPIKWV OEUTEPOAENTWY. AKOUN OHWG
Kal autdg o AlyooToG XpOVOG €ival ApkKeETOG yia va yivouv
noAAdG nou Ba owoouv {weg, Ba neplopicouv TIC {NUIEG Kal Ba
npooTateloouV MNEPIOUTIEG. ZTNV KpnTn Kal Ta vnold Tou
voTiou Alyaiou OMou onuavTikd MoooCTO TWV CEICHWV Eival
oeiopoi BdBoug, o Xpovog avTidpaong pnopei va @TAcel Kal
Ta 20-30 deuTepOAenTa».

«EknaidelovTag TouG NoAiTeg»

«Z€e ANiya deuTepOAenTa Ba VIWOETE I0XUPA OEICHIKA KUPATa»,
nposidonolei privupa andé To ouoTnua €ykaipng €idonoinong
osiIopwV. «Oa npénel va dpAceTe ypryopa, yid va npooraTe-
UOETE TOV €aUTO 0aG. MeiveTe fpepol KAl PPOVTIOTE yia TNV
aopaAsld oag, avaloya e To nepIBAAAov oTo onoio Bpio-
keoTe. Edv BpiokeoTe oTO ONITI 0Ag NPOOTATEUCTE TO KEPAAI
0ac, Yeivete KaTtw and €va Tpanedl, unv TpEEeTe £Ew Kal pnv
avnOUXEITE yia To QUOIKO aépio oTnv kouliva oag. Eav Bpio-
KeEOTE Ot dNUOOIO KTiplo akoAouBroTe TIC odnyisg, mou Ba
dwoouv ol uneguBuvol. Edv odnyeite pnv eniBpaduveTe ano-
Tola, EVEPYOMOINOTE TA aAdpH, YIA va NPOEIdOMNOINCETE TOUG
unoAoinoug odnyouUc Kal €neiTa KaTeBAacTe TaxUTNTA OMAAd.
Edv nepnataTte oTov OpOUO MPOCEETE yia TO eVOEXOUEVO Ka-
TAPPEUONG TUNHATWY KTIPIWV. Av BPiOKEOTE HEGA O AEWPO-
peio 1 TpEvo kpatnBeite yepd anod kanoia XelpoAar. Av
BpiokeoTe OTO acavoep KATEPREITE OTOV MPWTO OPOPO MOU
MMNopeiTeE va oTapaTtnoeTe. Av €ioTe o Bouvo MPOCEETE yia
KATOAIGONOEIG».

'Evag yevikOG ouvayepupog, r €va npoownike HRvVupd oTo

KIVNTO Nw¢ og didoTnua Aiywv deuTepoAEnTwY Ba onuelwbei
€Vag 10XUPOG oelopoG, gival hia nAnpogopia 0x1 eUkoAa dia-
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XEIpioIMN and Toug avBpwnoug nou Tn Aauppavouv. =tnv Ia-
nwvia kalr ge AAAeg XWPEG, OMoOU MOAITEG Kal (OpEeig €ival
€EOIKEIWMIEVOI HE TIG CUXVEG KAl KATA KaIpoUG I0XUPESG TEITHI-
K€G JOVAOEIC, Ta CUCTAKATa €ykaipng npoesidonoinong ano-
TeAoUv NoAUTIHG gpyaleia yia TV NpooTacia Twv avepwnwy
Kal Kpioldwv unodopwv kal dikTUwv. H eknaideuon Twv

a3 PRESTo v0.2.7 - (C) Luca Elia for RISSC-Lab
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JIapKNG, ME anA&g odnyieg, ONWC auTEG Napandvw nou npo-
g€pxovTal and evnuepwTIKO QUAAAdIO TNG Ianwvikng MeTew-
POAOYIKNG Ynnpeaiag
(www.jma.go.jp/jma/en/Activities/eew.html).
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SXAHa 2. STIYMIOTUNO TOU YPagIKoU anoTEAECUATOC TOU CUCTHKHATOG £yKaipng €1donoinang yia oeigpikn dovnaon (Aoyiouiko
PRESTo, Satriano et al. 2010; Zollo et al. 2010). Mg oUpBoAO aoTePIOU GNUEIWVETAI N BECN TOU EMIKEVTPOU TOU OEIOHOU HEYEBOUG
4.1, Bopeia TNG Aipvng BOABNC. Me KiTpIvo Xpwua cupBoAileTal To HETWNO TwV TaXUTEPWV CEIOUIK®V P KUNATWV (ENIUNKwV), Ta
onoia divouv TNV NANPOMOpIa yia TOV UNOAOYIGHO TOU EMIKEVTPOU KAl TOU HEYEBOUG TOU OEIOHOU. ME KOKKIVO XpWHA ONUEIQVETAI
TO METWNO TWV €YKAPOIWV S KUPATWV, TA OMnoia gival KaTa kavova Ta Mo KaTaoTpenTIKA. & dIaQopeg BETEIG aTNV NEPIOXN TNG
Oeooalovikng (n.x. aTo agpodpouio - Airport) unoAoyifeTal n avapevopevn €vracn Tou GeIoPikoU Kpadaouou Kal diveTal avTio-
TpOoMN HETPNON HEXP! TNV APIEN TWV EYKAPOIWV KUMATWV. STO CUYKEKPIPEVO NAPAdEIyHa, Nou apopda OEICKO Nou ekdINAWBNKE OTIG
10 OkTwPpiou 2013 kai gyive eupUTaTa aigbnTdG o€ OAOKANPO OXEDOV TO NOAEODOUIKO CUYKPOTNHA TG @gaoalovikng, o Xpdvog
NMou anopEVel HEXPI TNV A@IEN TOU KOKKIVOU PETMMNOU gival 6 deuTePOAENTA Yia TIC BE0EIC TOU agpodpopiou Kal Tou Anpapxeiou Kai
7 deuTepdAenTa yia Tn B€on Tou AlavioU (Roumelioti et al. 2014).

‘OTav @Tavel pia €ykaipn €idonoinon Ce€IoPoU KAl eKTIPATAI
dia BAGBn oe 01dNpodpopIKn YPAUUR TO KEVTPO EAEYXOU Ki-
vnong HEow acUppaTou SIKTUOU UMOXPEWVEI AuTOMaTa OAd
Ta TpEva va OTAPATAOOUV apéowg AOyw KIvdUvou. g €va
epyoTa&lio, oTav ol epydTeg €idonoiolvTadl yia Ta IoXUpd O€Io-
MIka kUpaTa nou €pxovTal, anopakpuvovTal anod Toug Yepa-
voUG Kal KATAQeUYoUV O AOQAAEC HEPOG, EVW Ol XEIPIOTEG
TWV YEPAVWV KATERAOUV TA AVTIKEIPMEVA. Z€ AKTIVOAOYIKEG
€YKATAOTAOEIG AVOiyoUv auTOHATA OAEG Ol MOPTEG yid va
dwoouv oToug agBeveig Tn duvaTtdTnTa va anopakpuveolv

«=ZTnVv KaAipdpvia, 6nou d1aQopeTikG cuoThKaTa £ykaipng

€1donoinong dokiyalovral ouoTNUATIKA Ta TeEAeuTaia xpovia,
wneiotnke To 2013 VOWOG, O 0Moiog KabIioTA UMOXPEWTIKA
TNV Unap&n TETOIOU OUCTAMATOG. Ekel To ouoTnua dev ansu-
BUveTal oTOUG MOAITEG, AAAG OTOUG UMEUBUVOUC MOAITIKAG
npooTaciag kal gs JIaxeIPIOTEG KPIoIHWY UNOdOU®V. & aA-
AEC XWPEC ONwG n Ianwvia kal To Me€ikd, To ouoTNUA aneu-
BUveTal Aueoa kai aToug NOAITEG», avagepel o K. MITIAAKNG,
EV® N K. POUPENI®TN NPOCBETEL:

«Ze XWPEC OMOU cuoTAUaTa £ykaipng €1donoinong ansubu-
VOVTdl AUEDA OTOUG MOAITEG €xel dlanioTwBel 0 NAviKOG nou
£€vac Oouvayepuoc Wnopei va npokaAéoel. To povo oxedio
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€KNaideuong O AUTEG TIG NeEPINTWOEIG dev Wnopei va eival
aAAo and Tn diapkn eVNEEPWON TWV MNOAITOV WG NPOG TO NWG
pnopoUv va diaxeipioTolv TNV NAnpogopia nou Toug nape-
XETal. AKOMa Kal ol Nio €UNEIpol oTn ARWN TETOIWV PNVUUA-
Twv Ianwveg, Peta 1o osiopd M9.0 Tou Tohoku dnAwoav oe
nooooto >50% OTI Oev Wnopecav va avTidpdoouv owoTd

oTOV ouvayeppod, €iTte eneidn navikoBAnBnkav, €ite ensidn
dev npoAaBav. QoTdco, oTnv nAsiowngia Toug eEakoAoubo-
Uv va B€Aouv va Aappavouv unvuparta £ykaipng €idonoinong
(n.x. oTo KIvnTd Toug fj ota MME) €0Tw Kal yid va pnopouv
va nposToidacTolVv WUXOoAOYIKa yia TNV enepxouevn dovn-
on».

Probability of Damage at AHEPA - UNIT1

20 June 1978, 20:03, M=6.5

Most probable level of damage: Immediate Occupancy

ZXNHa 3. YNnoAoyiopog o npaypatikd Xpovo Tou nibavoTepou Baduol BAGBRNG yia €va KTiplo voookopegiou (avanapaywyn dedopé-
vwVv and osiopikd kupata nou Ba npokaAoloe o osiopdg M6.5 Tou 1978).

'ONwg PaiveTal To CUYKEKPIUEVO KTipIO TOU VOOOKOEIOU A-
XENA yia To o€iopd auTd peyeéBoug M6.5 og anooTaon 25km
nepinou Ba €xel axedov 90% miBavoTnTa va BpiokeTal oTnv
KiTpivn Zovn ZnHIoV.

STa oxnuaTa nou akoAouBoUv JideTal oxnUaTika n evopya-
VWaOn TOU KTIPioU Kal ol EKTINNBEIOEG KAPUNUAEG TPWTOTNTAG
Me Baon TIG onoieg €EfxOel To CUPNEPACHA TOU EXNKATOG 3.
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4. Evopyavn napakoAouBnaon kTipiou oTo vookopeio AXEMA (ouvepyacia EpeuvnTikig Movadag Edapoduvapikig Kal FEWTEXVIKAG

ZelopIknG Mnxavikng ANO-pe To German Research Centre for Geosciences). Mg UnNAe XpwuUa ONUEIOVOVTAl 0l BE0EIC TWV HOVIMWY

opydvwv KaTtaypapng HETAKIVAoEwV (OEIoPOPETPa) BAcel Twv onoiwv unoAoyileTal o Baduog BAGBNG nou avapeveTal va Nnapouai-

AOEl TO KTIPIO APESWG HETA TO OEIONO. ME KOKKIVO XPWHA ONUEI®VOVTAl 0l BECEIG aVTIOTOIXWV MNPOCWPIVOV 0PYAVWY Mou Xpnaoiyo-
noinenkav yia Tov EAeyXo TNG UPIOTAPEVNG SOWIKAG KaTAOTAONG TOU KTIpiou.
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UNIT 1
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UNIT 2
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IxNHa 5. KaunuAeg TpwTOTNTAG YIA KTIPIAKEG HOovAdeg Tou voookopegiou AXEMA otn ©ggoalovikn. ZUyKpIon yid To apXiko Npoco-
poiwpa (as built model), To avaBewpnuévo pe Baon evopyaveg YHETPROEIG (ambient noise measurements) yia Tov NpoadIiopIoHO
TV SUVAHIK®V XAPAKTNPIOTIKWV TOU KTIPIOU GAKEPA, KAl TO NPooopoimpa Pe TNy enidpacn Tng 81dBpwaong Adyw naAaioTntag (45
xpovia), yia duo otabueg BAGBNG (immediate occupanc: I0) kai collapse prevention: CP) (Karapetrou et al. 2016).
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Lime-Stabilized Backfill in MSE Retaining
Structures

Giulia Lugli and Sachin Mandavkar

Soil can be stabilized by using a wide range of materials,
such as cement, lime, and fly ash. When lime and water are
mixed with a clay soil, modification of the soil properties
and stabilization reactions begin. In highly alkaline envi-
ronments (pH >12 for a short period of time), this can
cause corrosion of steel elements in an engineered rein-
forcement system, such as with mechanically stabilized
earth walls. LLDPE-coated, planar, high tenacity polyester
strips used in the reinforcement of concrete facing panels of
an MSE wall in these environments provide a strong solu-
tion.

Properly using this approach requires an understanding of
the soil parameters, lime percentage in the reinforced back-
fill, the behavior and the durability of the LLDPE coated re-
inforcement, and the installation procedure.

IMPROVING BACKFILL MATERIALS

The interaction between backfill material and reinforcing
elements plays a significant role in the performance of MSE
walls. The backfill is usually reasonably free from organic or
other deleterious materials and conforms to applicable gra-
dation requirements. Where its suitable to a design, the use
of onsite material may be preferred in order to reduce the
overall cost of a structure.

Clay of moderate to high plasticity or fine-grained soils for
backfill require the improvement of the soil parameters.
This process will reduce settlement, increase bearing re-
sistance, and improve the overall stability of the structure.
The type of soil improvement (stabilization) is classified
based upon structural performance criteria in three main
categories:

e Unbound materials - Resistance is mainly provided by
cohesion and friction between the particles and no sig-
nificant tensile strength is shown. Deformation is given
by shear, densification and breakdown of particles

e Modified materials — A small amount of a stabilizing
agent is added to an unbound material to increase the
strength or reduce the moisture or frost susceptibility
without increasing the stiffness

e Bound materials - A stabilizing agent is added to an
unbound material in order to obtain better structural
performances. The resulting material has a new devel-
oped shear strength given by particle interlock, chemical
bonding and cohesion, and significant tensile strength.
Deformations are due to cracking through shrinkage, fa-
tigue, and overstressing.

The choice of the stabilizer may be determined factors such
as gradation, plasticity index, climate, availability and cost
of the material, construction equipment availability, experi-
ence of site labor, etc. Particle size distribution and
Atterberg limits are often considered in order to get a pre-
liminary idea of the best type of stabilization. All materials
must be properly assessed and thoroughly evaluated in a
certified laboratory before any fieldwork starts, in order to
estimate their uniformity and quality.

LIME-STABILIZED BACKFILL

Lime treatment can chemically transform unstable soils into
exploitable materials, improving both workability and
strength. Small amounts can be used to dry and modify
soils to create temporary roads and working platforms.
Larger amounts can result in a permanent structural stabili-
zation of soils. Lime can stabilize soils under the form of
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quicklime (calcium oxide - CaO), hydrated lime (calcium
hydroxide — Ca[OH],), or lime slurry. Quicklime is manufac-
tured through the chemical transformation of calcium car-
bonate (limestone - CaCOs) into calcium oxide. Hydrated
lime is produced by making quicklime chemically react with
water.

When lime and water are mixed with a clay soil, these
chemical reactions occur almost immediately:

Soil drying: quicklime immediately chemically combines
with water and starts releasing heat. The water present in
the soil reacts, and the generated heat evaporates some
additional moisture leading to soil drying. The resulting hy-
drated lime will then react with clay particles reducing the
soil capacity to hold water (additional drying). Drying occurs
quickly, within a matter of hours, enabling the contractor to
compact the soil much more rapidly than by waiting for the
soil to dry through natural evaporation. In case of hydrated
lime or hydrated lime slurry, only drying due to reaction
with clay occurs.

Modification: After the initial phase, the calcium ions
(Ca++) from hydrated lime move onto the clay particles
displacing water and other ions. The PI of the soil dramati-
cally decreases as a consequence in a process called “floc-
culation and agglomeration” that occurs in a matter of
hours, and so does its tendency to swell and shrink. The soil
becomes easier to work and compact.

Stabilization: Long-term strengthening is due to pozzo-
lanic reactions that occurs in the highly alkaline environ-
ment (pH >12 for a short period of time), which leads to
the breaking down of the clay particles, and allows the for-
mation of calcium silicates and aluminates that form the
matrix that contributes to the strength of lime-stabilized soil
layers. The soil is thus transformed: the clay surface miner-
alogy is altered producing a hard, relatively impermeable
layer with significant load bearing capacity. The process
begins within hours but is relatively slow and can last for
years. Warm weather is generally required for the process:
the air temperature should be approximately 5 °C rising
during the reaction. Colder weather conditions are possible
if lime reaction is used for drying wet soil. Frozen soil condi-
tion should be avoided or treated properly following specific
procedure.

In general, fine-grained clay soils (with a minimum of 25%
passing the #200 sieve and a plasticity index greater than
10) are considered to be suitable for lime stabilization. Clay
components in the soil are required in order to react with
lime, as lime stabilization technique requires a soil that con-
tains natural pozzolan.

GEOSTRIP REINFORCEMENTS IN HIGHLY ALKALINE
ENVIRONMENTS

The choice of the proper reinforcement is fundamental in
the design with lime-stabilized soil. If the corrosion penetra-
tion occurs, the design life of the structure may reduce con-
siderably. The Maccaferri MacRes® MSE System combines
the precast facing panels with high tenacity polyester strips
co-extruded with LLDPE (Linear Low Density Polyethylene).

Resistance to chemical degradation of the polyester strips is
generally a function of the following index properties:

e PET Molecular Weight (Mn)
e PET Carboxyl End Group Content (CEG)

e PET retained strength after 500 hrs in weatherometer

Biological degradation is also function of the Molecular
Weight. As per FHWA-NHI-00-044 polymers with high mo-
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lecular weight are less susceptible to the enzymatic degra-
dation.

The polyethylene sheath represents an additional protection
to the polyester yarns from the aggressive backfill materi-
als. In general, the most chemically aggressive backfill ma-
terials are usually of fine particle sizes (e.g., clayey sand or
sandy clay soils) which may cause little or no damage to the
polyethylene sheath. The durability reduction factor val-
ues, RFp, depend on the soil pH and on the design tempera-
ture of the soil. Usually RFp is provided for pH range be-
tween 4.5 and 9 and between 9 and 11.

At pH levels greater than 10, and over long-term durations
at pH >9, the surface of polyester fibers is progressively
eroded by “external hydrolysis”. This leads directly to a loss
of strength and occurs in parallel with internal hydrolysis.
For this reason, there are restrictions on the use of polyes-
ter (PET) in environments of pH 9 and above, although the-
se effects have so far been observed at higher pH values,
which occur very rarely in natural soils.

Greenwood’s research (2007) indicated a high level of
chemical resistance in geostrips due to the presence of the
protective sheath. Still, where the pH is likely to exceed 9.0
in the long term, an assessment should be performed for
the exact environment (pH, type of metallic ion, tempera-
ture).

PROJECT: MSE WALL WITH LIME-STABILIZED BACK-
FILL

During the construction of a new ring road system in
Tangenziale di Forli, Italy, about 4,700 m? of retaining walls
with concrete facing panels were realized over a mainly
cohesive alluvial soil with compressible sandy silt and clay
with sand and gravel stretches. These soils were subject to
significant geotechnical problems, especially related to both
differential and total settlements. The MSE structures, which
included nine wing walls, were realized with polyester strips
as the reinforcing elements and square 1.5 x 1.5 m con-
crete facing panels.

The reinforcing strips used for this project varied from a
minimum ultimate tensile strength of 27 kN to a maximum
of 36 kN. The maximum height of the MSE wall was about
8.5 m and the vertical spacing between each reinforcement
layer was 0.75 m.

The soil used for the construction of the embankment origi-
nally came from the excavation of a subway belonging to
the same lot. This was determined to be the most suitable
choice from cost and sustainability perspectives. However,
the silty clay nature of the material was not truly suitable
for road construction.

A soil stabilization technique had to be used to enhance the
soils characteristics.

After careful design and testing, lime stabilization was
adopted. (Lime was the 2.5% of the soil weight.) The soil-
lime mix, respecting the planned amounts of lime, took
place outside of the field test, and the treated soil was
transferred and compacted on site. The resulting material
had an improved shear strength—provided by particle inter-
lock, chemical bonding, and cohesion—and significant ten-
sile strength.

Typical values for mechanical resistance of lime stabilized
soils are ¢'=25 kPa and f'=30 °.

For this project, the mechanical resistance values were ob-
tained by laboratory testing to characterize the lime-
stabilized soils cohesion, unit weight and friction angle. In
this case a cohesion ¢’ equal to 0 was assumed, per client
request.

Giulia Lugli is EMEA Region, USA & Canada Maccaferri Verti-
cal Walls Sector Technical Specialist and Sachin Mandavkar
a Technical Manager for Maccaferri Inc. (USA),
www.maccaferri.com

A longer version of this article was published in the
GeoAmericas 2016 proceedings along with 200 other
geosynthetics technical papers and lectures. The proceed-
ings are available for purchase and download at

www.geoamericas2016.org.
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SIMSG ISSMGE

Dear Members of ISSMGE,
Dear Colleagues,

I am most happy to announce the launching of the ISSMGE
Global Survey on the State of the Art (SoA) and the State of
Practice (SoP) in geotechnical engineering. Allow me to
insist strongly that you all take part in the survey.

The survey will officially be launched on the 10™ of March
2017. The link to the survey is:
https://www.surveymonkey.com/r/CAPG SoA SoP survey

Please, note that the survey will be running until the 30" of
April 2017.

As you know, the ISSMGE is committed to working closely
with both the academia and the practical world of the ge-
otechnical engineering profession. I consider that one of its
main goals is thus to bridge the gap between the state of
the art and the state of practice. In other words, the
ISSMGE should help transferring to practice more results
from the academic research and, reciprocally, help better
feeding the academic research with the needs of practice.
The ISSMGE Technical Committees (TCs) are, obviously, the
main tool for achieving this important goal.

The intent of this survey is to identify important areas for
improvement as well as... recognising achievements our
profession has made! This is why it is very important that
as many geotechnical engineers as possible take part in the
survey and contribute to the best possible understanding of
the situation in our great profession.

This survey is the result of two years of planning and con-
sultation. It is a joint product of the Corporate Associates
Presidential Group (CAPG) and the Technical Oversight
Committee (TOC), which are two of the Board Level Com-
mittees of the ISSMGE. I would like to express here my
gratitude to the CAPG, chaired by  Sukumar
Pathmanandavel, to the TOC, chaired by Pierre Delage, as
well as to the Officers of all the TCs for their hard work and
commitment to the launching of the survey.

The survey is launched well ahead of the 19" International
Conference to be held in Seoul in September 2017. The idea
is that the results from this survey will be presented and
discussed at the Seoul conference. Your views will thus pro-
vide valuable input to this very prestigious world confer-
ence!

The survey is designed to be completed within a relatively
short time frame, which can be as short as 15 minutes. You
are not obliged to answer all the questions. Just answer
those which you feel are interesting. You can of course take
more time and contribute more extensively. The CAPG and
the TOC, together with the TCs, will value each and every
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response, short or long. Please, also note that it is best to
complete this survey in one sitting as the survey mecha-
nism does not cater to saving your responses.

We are looking forward to receiving your survey responses.
I thank you very much In the name of those who planned
and designed the survey, as well as in the name of the ge-
otechnical community represented by the ISSMGE!

Roger Frank, ISSMGE President

27" February 2017
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Ma TIG NaAaIOTEPEG KATAXWPNOEIG NEPITTOTEPEG NMANPOPOPI-
€G pnopoUv va avalntnBouv oTta nponyoUueva TeUXn Tou
«MePIOdIKOU» KAl OTIG NAPATIBEUEVEG I0TOOEAIDEG.

Shallow geothermal energy for buildings and
infrastructure

Dear Colleague,

You are warmly invited to propose a paper for the themed
issue of Environmental Geotechnics on Shallow geo-
thermal energy for buildings and infrastructure, edited
by Marco Barla (Politecnico di Torino, Italy), Mroueh Hus-
sein (Lille University, France), Fleur Loveridge (Leeds Uni-
versity, UK) and Ana Vieira (Laboratorio Nacional de
Engenharia Civil, Portugal). Please submit an abstract of the
article you would like to write by 20" August 2017.

In recent years, the growing need
for renewable energy sources has
led to the increased interest in
shallow geothermal applications for
the heating and/or cooling of build-
ings. The integration of heat ex-
changers in the elements of the
structure the interface with the
ground, such as foundations, tun- s
nels and diaphragm walls, is par-g§.
ticularly attractive due to the in-g#
herent cost savings involved in
combining a required structural
component with the harvesting of
geothermal energy. Thermoactive
geostructures present the addition-
al benefit of relying on localised resources (the ground) and,
therefore, do not need additional infrastructural invest-
ments. By providing an alternative to fossil fuels and reduc-
ing peak demand from the grid, they also provide an attrac-
tive tool towards energy independence and distributed gen-
eration with no adverse impact on the environment. How-
ever, the widespread application of this sustainable technol-
ogy is currently hindered by the large disparity in develop-
ment and uneven regulatory frameworks worldwide. The
guest editors believe that up-to-date and reliable infor-
mation from leading researchers and practitioners in this
field would bring increased confidence and visibility to these
applications. This themed issue will collect state-of-the-art
knowledge on the topic, covering technical aspects, and
benchmarking examples, guidelines and standards.

Environmental
Geotechnics

Please use the form (submit) to submit an abstract (approx-
imately 200 words) outlining your proposed contribution.
The deadline for abstract submissions is 31 July 2017.

The Editorial Panel will then consider all proposals and invite
full papers from selected authors. The deadline for full pa-
pers is 15 December 2017. If you have any queries, please
contact sam.hall@icepublishing.com.
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ICTUS17 The 2017 International Conference on Tunnels and
Underground Spaces, 28 August 2017 - 1 September 2017,
Seoul, Korea, www.i-asem.org/new conf/asemi17.htm

International Symposium on Coupled Phenomena in Envi-
ronmental Geotechnics, 6-8 September 2017, Leeds, United
Kingdom, http://tinyurl.com/cpeg2017

Brownfield Risk Assessment & Remediation, 13-14 Septem-
ber 2017, London, United Kingdom,
https://brownfieldbriefing.com/risk-remediation-
20177?Is=Ink

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

(CZ -0

\\\AGS Association of Geotechnical &
Geoenvironmental Specialists

AGS GEOTECHNICAL DATA CONFERENCE 2017
Best Practice, Challenges and Future
20" September 2017, Birmingham, U.K.
ags@ags.org.uk

The Association of Geotechnical and Geoenvironmental Spe-
cialists are pleased to announce that The Geotechnical
Data Conference is returning to the National Motorcycle
Museum in Birmingham on Wednesday 20" September.

This specialist full day seminar will be divided into four ses-
sions and will focus on the role of geotechnical and geoen-
vironmental data management within digital engineering
and BIM, whilst celebrating 25 years of AGS Data Transfer
Format. Details of this year’s speakers can be viewed be-
low:

SESSION 1: Client View

Long Term Monitoring for Rail Projects

Improving Geotechnical Information - Results from an
HE Study

e Experiences in adopting AGS and Future Requirements
SESSION 2: International

e OQOut of Adversity Can Come Good Things or A Tale of
Two Corollaries

e Very Large Data Sets - Challenges, Insights and Oppor-
tunities

SESSION 3: Case Studies

e Consultancy Led Ground Investigation Contracting on
Large Infrastructure Projects

e Transpennine Route Upgrade - Value Engineering
through Geotechnical Data Management

Moorside Site Characterisation Project
Geotechnical Data Management for Thames Tideway

Reducing the Amount of Non-Digital Data Re-
cording/Collection/Scheduling

e Information Modelling Workflows for Using Geotechnical
Data in Civil Engineering
e Digital Data Journey Refinement

SESSION 4: BIM

e BuildingSMART and the Future Role of Geotechnical Data
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in the BIM process
Outcomes from the BIM for the Subsurface project

National Geoscience Data Centre: Building an Open Na-
tional AGS Data Store

Full information will be made available on the AGS website
in due course.

POSTAL ADDRESS: Association of Geotechnical and
Geoenvironmental Specialists, Devonshire House Business
Centre, 29-31 Elmfield Road, Bromley, Kent BR1 1LT
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IICTG 2017 Conference
“ICT — Past and Future”
September 26+28, 2017, Minneapolis, Minnesota, USA
www.iictg.org/2017-conference

The International Intelligent Construction Technologies
Group (IICTG) is a source for knowledge and information on
intelligent construction technologies for public agencies,
contractors, consultants, academia, and other relevant in-
dustries.

IICTG provides a forum for the dissemination of knowledge
concerning the collection, analysis, and application of infor-
mation relating to intelligent construction technologies
(ICT).

ICT consists of real time quality monitoring and process
control during construction of foundation and pavements for
highways, airports, railroads, dams, cities, and ports. ICT
involves construction equipment technologies such as pav-
ers, rollers, and other devices.

ICT also makes use state-of-the-art technologies such as
Global Navigation Satellite System (GNSS), automated test-
ing/monitoring, 3D designs/modeling, automated machine
guidance (AMG), Cloud computing, Civil Integrated Man-
agement (CIM) and Building Information Modeling (BIM),
etc. The goals of ICT are to improve quality control and
acceptance of constructions as well as reducing life-cycle
cost of the above mentioned assets.

The initial scope of IICTG would focus on the specific tech-
nologies such as Intelligent Compaction (IC) and paver-
mounted thermal profiling (PMTP).

The scope is expected to expand to other areas such as 3D
designs/modeling, AMG, CIM and BIM. It is anticipated that
the IITCG will evolve in the future along with technology
advancements and changes in the ways construction are
being done.

The IICTG 2017 conference will be held at the Renaissance

Minneapolis Hotel, The Depot, in Minneapolis, Minnesota,
USA from September 26 to 28, 2017.

Theme and Topics

The theme of the IICTG 2017 conference is:
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“ICT (Intelligent Construction Technologies) — Past and
Future”

This conference will cover the history and future develop-
ment of intelligent construction technologies (ICT). Other
main topics will include intelligent compaction (IC), Paver-
Mounted Thermal Profiling (PMTP) and data management ,
etc.

IICTG encourages you to share the latest-&-pertinent topics
in presentation form on the following topics:

e Integration of Intelligent Construction Technologies
(ICTm)

e Research and Implementation on Intelligent Compaction
(IC) Equipment and Systems

e Research and Implementation on Paver-mounted Ther-
mal Profiling (PMTP) Equipment and Systems

e Positioning Systems and Automated Machine Guidance
(AMG) for Intelligent Construction

e Data Analysis and Reporting of Intelligent Construction
Data

e Cloud Computing and Data Management for Intelligent
Construction

e Standardization of IC Measurements, Data Exchanges,
and Storage

e IC Specifications and Case Studies - Lessons Learn

(CZ -0

AfriRock 2017, 1st African Regional Rock Mechanics Sympo-
sium, 2 - 7 October 2017, Cape Town, South Africa,
WWW.Saimm.co.za/saimm-events/upcoming-events/afrirock-
2017

Geotechnique Symposium in Print 2017 Tunnelling in the
Urban Environment, http://www.icevirtuallibrary.com/pb-
assets/Call%?20for%20Papers/Geo-Symposium-CFA-AW.pdf

HYDRO 2017 Shaping the Future of Hydropower, 9-11 Oc-
tober 2017, Seville, Spain, hydro2017@hydropower-
dams.com

GeoAfrica 2017 3rd African Regional Conference on Geosyn-
thetics, 9 - 13 October 2017, Morocco,
http://geoafrica2017.com

30 MaveAAnvio Zuvedpio OpaypdTwy Kal TauieuTnpwy - Ala-
xeipion ‘Epywv kal MpoonTikeg AvanTtuéng, 12 - 14 OkTwpRpi-
ou 2017, ABriva, www.fragmata2017.gr

4th International Conference on Long-Term Behaviour and
Environmentally Friendly Rehabilitation Technologies of
Dams, 17-19 October 2017, Tehran, Iran,
www.ltbd2017.ir/en

The 15th International Conference of International Associa-
tion for Computer Methods and Advances in Geomechanics,
19-23 October 2017, Wuhan, Hubei Province, China,
www.15iacmag.org

XIII International Conference “Underground Infrastructure
of Urban Areas 2017”, 24-26 October 2017, Wroclaw, Po-
land, http://uiua.pwr.edu.pl/?lang=en

ISAUG 2017 2nd International Symposium on Asia Urban
GeoEngineering, 24-27 November 2017, Changsha, China,
www.isaug2017.org
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SIFRMEG 2017 Shaoxing International Forum on Rock Me-
chanics and Engineering Geology, October 28-29, 2017,
http://forum.hmkj.com.cn/index.php/Index/show/tid/20

110 Zuvedpio «EAAnvikn Mwooa kar OpoAoyia», 9-11 No-
euBpiou 2017, ABriva, www.eleto.gr/gr/Conferencel1.html

PARIS 2017 AFTES International Congress "The value is
Underground", 13-16 November 2017, Paris, France,
www.aftes2017.com
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2nd International Conference
“Challenges in Geotechnical Engineering” 2017
20-23 November 2017, Kyiv, Ukraine
www.cgeconf.com/en

Kyiv National University of Construction and Architecture
(KNUCA) and the University of Zielona Gora (Poland) in
cooperation with the Ukrainian Society for Soil Mechanics,
Geotechnics and Foundation Engineering (UkrSSMGFE)
takes a great pleasure to invite you to participate in the
Second International Conference "Challenges in Geotech-
nical Engineering" CGE-2017. The conference is organized
under the framework of the international scientific coopera-
tion between Ukraine and Poland. It further expands more
than 70 years of experience in conducting scientific confer-
ences by KNUCA and a 40-year tradition of organising con-
ferences on engineering geology by the University of
Zielona Gora.

The conference aims to improve scientific and technical lev-
els in solving geotechnical problems. The conference pro-
gram highlights the most relevant and promising areas of
solving geotechnical issues, including:

e Numerical simulation.

e Analysis of the interactions of the elements in the "soil -
foundation - structure" system.

e Construction of high-rise buildings and deep foundation
pits.

e Ensuring slope stability.

e Construction in the seismically dangerous areas or under
dynamic loads.

e Installation of foundations under difficult geological con-
ditions.

e Areas with a complex geological and glacitectonic struc-
tures

e Modern methods of soil research and other geotechnical
and related issues.

Sections

. Soil-Structure Interaction and Retaining Walls

. Slope Stability in Engineering Practice

. Earthquake Engineering and Associated problems

. Numerical Methods in Geomechanics

. Foundation Engineering for Difficult Soft Soil Conditions
. Ground Property Characterization

UMb, WNRF
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7. Deep foundations

8. Areas with a complex geological and glacitectonic struc-
tures

9. Safety and Serviceability in Geotechnical Design

10.Engineering Practice of Risk Assessment and Manage-
ment

11.Preservation of Historic Sites

12.Transportation Geotechnics

Information

Ukraine, 03680, Kyiv, 31 ave. Povitroflotsky

Tel./Fax: +38(044) 245-41-24, mob.: +38(097) 381-1265;
e-mail: info@cgeconf.com

Website: www.cgeconf.com

O3 D

2nd International Symposium on
Asia Urban GeoEngineering
24-27 November 2017, Changsha, China
hwww.isaug2017.org

You are warmly invited to attend the 2nd International
Symposium on Asia Urban GeoEngineering on November
24-27, 2017 in Changsha, a historical and modern city in
Hunan, China. The aim of this symposium is to share ideas
and experiences about urban geoengineering in Asian coun-
tries among engineers, researchers and academia profes-
sors. The emphasis will be on improving our knowledge in
meeting geoengineering requirements for a long-term sus-
tainable urban development and the need to protect and
preserve our environment. We look forward to having the
pleasure of welcoming you all in Changsha.

Symposium theme

Environmental friendliness, sustainability and diversity in
urban geoengineering

Topics

e Fundamental behavior and constitutive model of
geomaterials;

e Excavation engineering;

e Tunneling;

e Urban environmental geotechnical problems and disaster
effects;

e Risk and safety assessment, management and control in
urban geoengineering;

e Design standards of deep excavation among Asian coun-
tries

Extensively urban construction is going on in Asian coun-
tries, environmental friendliness and sustainability are em-
phasized in modern urbanization processes. Environmental
friendliness addresses the control of ground movement,
mitigation measures and risk management. Those control or
mitigation measures should be sustainable. Moreover, the
performance of deep excavation and tunnels, mitigation
measures and risk management are often site dependent
and vary from country to country. The ground conditions,
construction practices, codes and standards are very differ-
ent among Asian countries. The aim of this symposium is to
share knowledge and experiences of the analysis, design,
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construction and maintenance of urban geoengineering
among engineers, researchers and academia professors in
Asian countries.

Correspondence

Dr. Xin Tan

College of Civil Engineering, Hunan University
Changsha 410082, Hunan Province, China
Tel: +86-15580373653

Email: urban geoeng@163.com
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ASIA

Seventh International Conference and Exhibition
on Water Resources and Renewable Energy
Development in Asia
13-15 March 2018, Danang, Vietham
www.hydropower-dams.com/asia-2018-
conference.php?c id=303

Recognizing that Asia is the region of the world with the
largest current programme of water resources and hydro
development, but also some of the greatest challenges to
face, including natural hazards, challenging sites, and in
some countries limited resources, Aqua~Media has been
organizing regional conferences in Asia since 2006.

Working with the major water- and energy-related profes-
sional associations, as well as an international steering
committee of world-renowned experts, the Aqua~Media
team puts together a technical programme for each event
which represents a unique concentration of expertise on all
practical and topical areas of interest to the world water and
renewable energy community. The plenary opening cere-
mony features national overviews of development potential
and keynote addresses; parallel sessions then include paper
presentations and panel discussions. Side events provide
extra opportunities for training, capacity building and busi-
ness networking.

Previous events in this series have taken place in: Bangkok
(2006); Danang (2008); Kuching (2010); Chiang Mai
(2012); Colombo (2014); and, Vientiane (2016).

A foundational theme of ASIA 2018 will be international
collaboration, with much discussion focusing on trans-
boundary projects and power trading in the Asian re-
gion. Other key topics will be climate resilience, flood man-
agement, safety of water infrastructure, synergy between
renewables, finance, innovations in technology for large and
small schemes, best practice in environmental and social
aspects, and capacity building.

It is expected that around 50 nations will be represented, as
experts from all parts of the world focus on aspects particu-
larly relevant to Asia: the continent most active in hydro-
power and water resources development. Professional asso-
ciations such as ICOLD, IEA, ICID, IWRA and the Mekong
River Commission will be strongly represented, as well as
IFIs including the Asian Development Bank and World Bank.
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Themes for discussion in sessions, panels and work-
shops

Planning and development

e Review of plans and progress in Asian countries

e The value of integrated regional development

e Project preparation; making projects bankable

e Tools for project assessment, economic studies and de-
sign

e International and cross-border cooperation

e Appropriate project planning and benefit sharing

e Grid operation: national and integrated regional systems

e Small schemes for rural development

e Marine energy prospects in Asia

Finance, economics and commercial and legal aspects

e Securing project finance for water and energy infrastruc-
ture

e Carbon credits, carbon trading and income diversification

e Power trading and purchase agreements

e Legal and contractual issues

Hydrology and flood management

¢ Flood mitigation and management

e Early warning systems

¢ Implications of climate change and climate resilience
strategies

e Water infrastructure and flood discharge works
(innovation, efficiency, safety and economy)

e Innovative spillway design

Civil works and challenging site conditions

e Site planning for safety and efficiency

e Remote sites and extreme climates

e Construction management

e Benefits of multipurpose schemes, including case studies

e Materials for dams: past experience and future develop-
ments

e Selecting appropriate construction equipment

e Seismic design and tackling complex geology

e Innovative solutions in design and construction

e Sedimentation: planning and design approaches

e Tunnels and underground power caverns

Safety of water infrastructure

e Managing natural hazards: strategies and case studies

e Learning from accidents and failures at dams and tunnels

e Upgrading of dams and spillways to meet higher safety
standards

e Health and safety of the workforce on site

e Safety issues especially relevant to small dams

Technology: hydro and other renewables

e Emerging trends in renewable energy development

e Hydro in synergy with other renewable energy sources
e Hydro turbines and generators (large, small and micro)
e R&D and innovation: Modelling, testing and monitoring
e Maintenance and timely refurbishment

e Instrumentation, control and cyber security

e Powerplant safety: learning from incidents and failures
e Optimizing operation of powerplants and reservoirs

e Pumped storage: technology, role in the grid and benefits
e Gates, valves and hydromechanical equipment
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e Workforce training: health and safety aspects
e Appropriate low cost solutions for rural electrification
e Transmission and distribution

Environmental and social aspects

e Impact assessment: methodology and experience

e Integrated regional development

e Mitigation measures for environmental and social impacts
e Greenhouse gas emissions from reservoirs

e Fish protection

e Facilitating communications with project-affected people
e Enhancing socio-economic development in rural areas

Succession planning

e Technology transfer

e Approaches to capacity building

e Available training courses

e International exchange programmes

Hydropower & Dams, Aqua~Media International Ltd
PO Box 285, Wallington. Surrey, SM6 6AN, UNITED KING-
DOM.
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World Tunnel Congress 2018 "The Role of Underground
Space in Future Sustainable Cities", 20-26 April 2018, Du-
bai, United Arab Emirates, www.wtc2018.ae

3 O

EUROCK 2018

Geomechanics and Geodynamics of
Rock Massess
22-26 May 2018, Saint Petersburg, Russia
www.eurock2018.com/en

THEMES

e Physical and mechanical properties of fractured rock
(laboratory testing and rock properties, field measure-
ments and site investigations)

Geophysics in rock mechanics

Rock mass strength and failure

Nonlinear problems in rock mechanics

Effect of joint water on the behavior of rock foundation
Numerical modeling and back analysis

Mineral resources development: methods and rock me-
chanics problems
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® Rock mechanics and underground construction in min-
ing, hydropower industry and civil engineering

e Rock mechanics in petroleum engineering

e Geodynamics and monitoring of rock mass behavior
e Risks and hazards

® Geomechanics of technogenic deposits

CONTACTS

Vladimir Noskov
E-mail: post@eurock2018.com
Tel. +7 909 588 31 47
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16th European Conference on Earthquake Engineering
(16"ECEE), 18-21 June 2018, Thessaloniki, Greece,

www.1l6ecee.org

CPT’18 4th International Symposium on Cone Penetration
Testing, 21-22  June 2018, Delft, Netherlands,
www.cptl8.org
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NUMGE 2018

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

Technical Committee (ERTC7) has the pleasure of inviting
you to attend the 9th NUMGE Conference on Numerical
Methods in Geotechnical Engineering in Porto, Portugal, 25-
27 June 2018. This conference is the ninth in a series of
conferences on Numerical Methods in Geotechnical Engi-
neering organized by the ERTC7 under the auspices of the
International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE).

The first conference was held in 1986 in Stuttgart, Germa-
ny, and the series continued every four years (1990 San-
tander, Spain; 1994 Manchester, United Kingdom; 1998
Udine, Italy; 2002 Paris, France; 2006 Graz, Austria; 2010
Trondheim, Norway; 2014 Delft, The Netherlands).

The conference provides a forum for exchange of ideas and
discussion on topics related to numerical modelling in ge-
otechnical engineering. Both senior and young researchers,
as well as scientists and engineers from Europe and over-
seas, are invited to attend this conference to share and ex-
change their knowledge and experiences.

Conference Themes

The Scientific and Organizing Committees of NUMGE2018
invite geotechnical engineering researchers and practical
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engineers to submit abstracts on scientific achievements,
innovations and engineering applications related to or em-
ploying numerical methods.

Regarding the theoretical themes, the following are pointed
out, among others:

e Constitutive modelling and numerical implementation.

e Numerical algorithms and theoretical aspects.

e Finite element, discrete element and other numerical
methods. Coupling of diverse methods.

o Reliability and probability analysis.

e Large deformation - large strain analysis.

e Artificial intelligence and neural networks.

e Ground flow, thermal and coupled analysis.

e Unsaturated soil mechanics.

e Earthquake engineering, soil dynamics and soil-structure

e interactions.

e Rock mechanics.

Abstracts on practical applications are welcome, namely
related to the following types of works:

o Application of numerical methods in the context of the
Eurocodes.

e Shallow and deep foundations.

e Slopes and cuts.

e Supported excavations and retaining walls.

e Embankments and dams

e Tunnels and caverns (and pipelines).

e Ground improvement and reinforcement.

o Offshore geotechnical engineering.

e Propagation of vibrations and mitigation measures.

Contact

For practical information, please contact:

Conference Secretariat

Lurdes Catalino

Phone: +351 22 204 3573
E-mail: lurdes.catalino@abreu.pt

For scientific information, please contact:

Organising Committee
Phone: +351 220 413 703
E-mail: numge2018@fe.up.pt

Postal address:

NUMGE2018

c/o Manuel Carvalho

Civil Engineering Department, Faculty of Engineering,
University of Porto

Rua Dr. Roberto Frias

4200-465 Porto, Portugal
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RockDyn-3 - 3rd International Conference on Rock Dynam-
ics and Applications, 25-29 June 2018, Trondheim, Norway,
www.rocdyn.org

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

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

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

ARMS10 - 10th Asian Rock Mechanics Symposium, ISRM
Regional Symposium, 29 October - 3 November 2018, Sin-
gapore, www.arms10.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
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7 ICEGE 2019

International Conference on Earthquake
Geotechnical Engineering
17 - 20 June 2019, Rome, Italy

Organizer: TC203 and AGI (Italian Geotechnical Society)
Contact person: Susanna Antonielli

Address: AGI - Viale dell' Universita 11, 00185, Roma, Italy
Phone: +39 06 4465569

Fax: +39 06 44361035

E-mail: agi@associazionegeotecnica.it
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ISDCG 2019

7th International Symposium on Deformation
Characteristics of Geomaterials
26 - 28 June 2019, Glasgow, Scotland, UK,

The Technical Committee 101 of the ISSMEG is pleased to
announce the organisation of the 7*" International Symposi-
um on Deformation Characteristics of Geomaterials (ISDCG)
in 2019, in Glasgow, UK. The symposium is co-organised by
the University of Strathclyde in Glasgow, the University of
Bristol, and the Imperial College in London.

Building on the success of the previous Symposia organised
in Sapporo (Japan) Japan in 1994, Torino (Italy) in 1999,
Lyon (France) in 2003, Atlanta (US) in 2008, Seoul (Korea)
in 2011 and Buenos Aires (Argentina) in 2015, the 7%
ISDCG will equally follow both its traditions and active pro-
motion of new technical elements to maintain it as one of
the most popular and vibrant events within the geotechnical
community. The technical core themes will focus on: (i)
advanced laboratory geotechnical testing; (ii) application of
advanced laboratory testing in research, site characterisa-
tion, and ground modelling; (iii) application of advanced
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testing to practical geotechnical engineering. In addition to
these traditional topics, sub-themes will include cutting-
edge techniques and approaches, for example experimental
micro-mechanics, non-invasive monitoring systems, nano
and micro-sensors, new sensing technologies. A key goal is
to engage with the full spectrum of geotechnical specialists,
from early career engineers and researchers through to
world leading experts.
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14th ISRM International Congress
20-27 September 2019, Foz de Iguagu, Brazil

Contact Person: Prof. Sergio A. B. da Fontoura
E-mail: fontoura@puc-rio.b
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The 17th European Conference on
Soil Mechanics and Geotechnical Engineering
15t - 6" September 2019, Reykjavik Iceland
www.ecsmge-2019.com

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

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

Such events also provide an opportunity to draw the atten-
tion of others outside the field of geotechnical engineering
to the importance of what we are doing, particularly to
those who, directly or indirectly, rely on our services,
knowledge and experience. Investment in quality geotech-
nical work is required for successful and safe design, con-
struction and operation of any infrastructure. Geotechnical
engineering is the key to a safe and sustainable infrastruc-
ture and of importance for the society, economy and the
environment. This must be emphasized and reported upon.
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XVI Asian Regional Conference on
Soil Mechanics and Geotechnical Engineering
21 - 25 October 2019, Taipei, China

3
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XVI Panamerican Conference on Soil Mechanics
and Geotechnical Engineering
18-22 November 2019, Cancun, Quintana Roo, Mexico
http: anamerican2019mexico.com/panamerican

Technical program

1A - Transportation geotechnics.

1B - In situ testing.

1C - Geo-engineering for energy and sustainability.
1D - Numerical modelling in geotechnics.

1E - Foundations & ground improvement.

1F - Unsaturated soils.

1G - Embankments, dams and tailings.

1H - Excavations and tunnels.

1I - Geo-Risks.

Contact Info

Blvd. Kukulkan Km 17, Zona Hotelera,

77500 Cancun, QROO

Tel (+(52) 1 55 5677-3730, +(52) 1 55 5679-3676
Iberostar: 01 800 849 1047
info@panamerican2019mexico.com
chat@panamerican2019mexico.com
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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

ZeAida 27


mailto:fontoura@puc-rio.b
http://www.ecsmge-2019.com/
http://panamerican2019mexico.com/panamerican
mailto:paulin.juan@cimesa.net
mailto:chat@panamerican2019mexico.com
mailto:leena.korkiala-tanttu@aalto.fi

ENAIAGEPONTA
FEEQTEXNIKA NEA

Millennium Tower reviewed building design, but
not the ground

"My interests went as far as the concrete,” says engineer
who reviewed the troubled tower

The developers behind the sinking Millennium Tower paid
for an independent review of the tower itself before it was
built, but not of the site it sits on, according to new testi-
mony at City Hall on Thursday.

The Government Audit and Oversight Committee quizzed
Jack Moehle, a professor of structural engineering at UC
Berkeley, whom Millennium Partners and its engineer con-
sultants hired to conduct an independent peer review of the
building design while it was being entitled.

“The interest was to do an internal review to ensure that
the structural system selected was suitable,” Moehle told
city lawmakers at Thursday’s hearing. “[So] that if there
was a formal peer review for the city later that most ques-
tions would be dealt with already.”

Moehle says he inspected the high-rise’s design from top to
bottom—but no lower than the bottom. A geotechnical re-
view—i.e., an assessment of the condition of the soil under
the building site—wasn’t part of the process, because no
one ever hired a geotechnical engineer.

[Update: Note that Moehle’s testimony referred only to the
lack of a geotech engineer on the voluntary review conduct-
ed by the developer ahead of time.]
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“My interests went as far as the concrete mat,” says
Moehle, referring to the slab that forms the base of the
building.

The condition of the dirt matters because the 58-story, con-
crete-framed Millennium Tower’s foundation design relies on
the properties of the soil to keep the building in place.

As an Iowa State University design professor explained it:

“Imagine driving a broomstick into beach sand-you can
only go so far before there’s enough broomstick in contact
with the sand to put up fearsome resistance. This has al-
ways been a standard technique for building in liquid soil,
and it's why coastal construction always comes with the
dulcet tones of a pile driver.”

The building sits on hundreds of giant concrete “sticks” that
use soil friction to hold the concrete slab in place. So the
behavior of all that dirt matters.

Moehle told supervisors Thursday that all he said was that
the foundation was up to code, not that it would necessarily
work as intended. “I'm not qualified to do that.”

Supervisor Aaron Peskin pressed Moehle on why he didn't
insist on an analysis of the ground, saying: “[Your] letter
says, I have reviewed the design criteria and find it ac-
ceptable ... But you don’t have any language in your letter:
Be forewarned, you may want to get a geotechnical con-
sultant?”

To which Moehle replied, “It wasn’t my place,” pointing out
that many projects opt not to examine the soil and, since
foundations must be built first, developers are usually eager
to expedite its review.

Via email, a spokesperson for Millennium Partners says "It
was clear from Professor Moehle’s testimony that Mission
Street Development met and in fact exceeded the require-
ments of the city” by paying for the independent review.

(Adam Brinklow / CURBED SAN FRANCISCO, Feb 3, 2017,
https://sf.curbed.com/2017/2/3/14500782/millennium-
tower-peer-revie)
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New Report Urges Performance-Based Ap-
proach to Liquefaction

The National Academies of Sciences, Engineering, and
Medicine examines this key seismic topic and makes
11 recommendations.

A new report by the National Academies of Sciences, Engi-
neering, and Medicine examines soil liquefaction and its
consequences, such as this liquefaction-induced soil spread-
ing event in Christchurch, New Zealand in 2011. Wikimedia
Commons/Schwede66

A new report developed by a committee of engineers and
scientists and issued by the National Academies of Sciences,
Engineering, and Medicine, of Washington, D.C., seeks to
elucidate the causes of liquefaction and its consequences
and urges the geotechnical engineering community to move
toward a performance-based approach to the issue.

The committee was convened by the organization's Com-
mittee on Geological and Geotechnical Engineering in re-
sponse to work by an ad hoc committee of the Earthquake
Engineering Research Institute, a technical society head-
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quartered in Oakland, California. The latter committee
found that the complexities of liquefaction and the current
scientific understanding of it called for further review and
resolution.
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"The topic of assessing the potential for earthquake-induced
liguefaction is one that has been discussed a lot within the
technical community. There have been various methods
that have been put forward, with differences of opinion as
to how you treat different correction factors or what you do
with the data," explains Sammantha Magsino, the director
of the Committee on Geological and Geotechnical Engineer-

ing.

The committee was chaired by Edward Kavazanjian, Jr.,
Ph.D., P.E., D.GE, M.ASCE, a regents' professor and the Ira
A. Fulton Professor of Geotechnical Engineering at Arizona
State University and a former president of ASCE's Geo-
Institute. Its report is entitled State of the Art and Practice
in_the Assessment of Earthquake-Induced Soil Liquefaction
and Its Consequences, and the authors included experts in
liguefaction, lab testing, modeling, and geology.

The committee found that current models used to assess an
earthquake's potential to trigger liquefaction are in substan-
tial agreement when used to predict events within the
earthquake magnitude and depth ranges constrained by the
data. However, much of this data focuses on motions occur-
ring from 5 to 50 ft below the surface and as a result of
earthquakes of magnitude 6.5 to 8.0. Beyond these limits,
the methods diverge in their predictions. It also noted the
significant uncertainties in assessing the consequences of
liquefaction even when triggering can be predicted with
reasonable certainty.

"I think uncertainty was a theme that ran through the re-
port," Kavazanjian says. "There is uncertainty around soil
conditions. There is uncertainty around ground motions.
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There is uncertainty about the response of structures. So,
there is a tremendous amount of uncertainty in every step
of the process. I think one of the most important recom-
mendations from the committee is [that] we need to quanti-
fy and account for these uncertainties."

Part of this uncertainty arises because much of the liquefac-
tion data that the technical community possesses come
from postearthquake assessments. And those data under-
standably relate to soil properties and ground displacements
where liquefaction is evident at the ground surface. This
makes it especially difficult to accurately predict the effects
of liquefaction on buildings, highways, and other facets of
infrastructure. Many areas that experience liquefaction
without surface manifestations probably go unmeasured.

To address this, one of the committee's recommendations is
to establish a series of field observatories in areas with a
high probability of earthquake-induced liquefaction. By
characterizing the geology of the site, instrumenting the site
to capture the generation of liquefaction during a seismic
event, and then noting the effects of liquefaction on struc-
tures, the geotechnical engineering community would gain
valuable data about the liquefaction process and its conse-
qguences.

The committee made a total of 11 recommendations.
Magsino advised the committee to make recommendations
in areas that could be improved immediately using today's
tools and technologies, as well as in areas related to larger
issues that hold promise for advancing the field. For exam-
ple, the observatories mentioned above would require an
initial investment followed by a continuing commitment to
maintain the equipment, but years or decades could elapse
before data became available.

The report also recommends using cone penetrometers
where feasible for site testing since the results they provide
tend to be more consistent that those provided by the
standard penetration test. Other recommendations include
quantifying the uncertainty in empirical methods used to
assess the likelihood of liquefaction and its consequences,
moving toward performance-based design procedures, de-
veloping common protocols for liquefaction data collection,
establishing a common database for such data, and continu-
ing vigorous research to develop and refine models for lig-
uefaction and its consequences based on engineering me-
chanics and geological and seismological principles.

The committee concluded that a goal for the field is to move
toward an integrated approach that would assess the poten-
tial for liquefaction at a site, the consequences of such lig-
uefaction, and the cost of improving the resiliency of the
site in relation to the cost of the expected damage,
Kavazanjian says.

"We have crude models to do that right now, but . . . [there
is] a lot of work that needs to be done to achieve that goal,"
he says.

The report was funded by ASCE; the Los Angeles Depart-
ment of Water and Power; the Port of Long Beach, Califor-
nia; the Port of Los Angeles; the U.S. Department of the
Interior's Bureau of Reclamation; the U.S. Department of
Transportation's Federal Highway Administration; and the
U.S. Nuclear Regulatory Commission.

The breadth of funding is "a testament to how important
this topic is . . . for so many different sectors of our society,
so many different parts of our economy, so many different
kinds of infrastructure," Magsino says.

(Kevin Wilcox / Civil Engineering / ASCE, February 7, 2017,
http://www.asce.org/magazine/20170207-new-report-
urges-performance-based-approach-to-liquefaction)
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Oroville Dam risk: Thousands ordered to evacu-
ate homes

Water crashes through the main spillway at the Oroville
Dam

More than 180,000 people in northern California have been
told to evacuate after two overflow channels at the US's
tallest dam were found to be damaged.

The 770ft (230m) high Oroville Dam is not itself at risk of
collapsing, but its emergency spillway was close to caving
in, officials said.

Officials feared the damaged spillway could release large
amounts of floodwater downstream.

The excess water has now stopped flowing.

However, late on Sunday, Butte County Sheriff Kory Honea
said the evacuation orders remained in place.

Water levels in the reservoir have risen following heavy rain
and snow after years of severe drought.

It is the first time that Lake Oroville, which lies 65 miles
(105km) north of Sacramento, has experienced such an
emergency in the dam's near 50-year history.

Lake Oroville

Sacramento
.

'San Francisco

The evacuation order came after water levels in the reser-
voir rose sharply last week. The dam's main spillway, also
known as an overflow channel, was found to be damaged.

As the water rose even higher, the dam's emergency spill-
way was activated for the first time since its completion in
1968.

However, this secondary slipway was also found to be dam-
aged.

In a statement posted on social media on Sunday after-
noon, Mr Honea ordered residents to evacuate, repeating
three times that it was "NOT a drill".
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The California Department of Water Resources warned that
the emergency spillway next to the dam was "predicted to
fail".

Video: What went wrong with US dam?
http://www.bbc.com/news/world-us-canada-38952847

There was gridlock on roads heading out of Oroville, a town
of 16,000 people, with some evacuees complaining that
they should have been given more warning.

One evacuee, Nancy Borsdorf, told AP she "panicked" and
was in such a hurry to leave she "grabbed some wet laun-
dry. Can you believe that?"

Several hours after the evacuation order, the emergency
spillway was still standing.

A highway patrol officer directs traffic as residents evacuate
Marysville, south of Oroville Dam

However, California Fire Incident commander Kevin Lawson
said officials stood by the decision to evacuate residents,
rather than risk thousands of lives.

He said if the situation was not dealt with they were looking
at "a 30ft wall of water coming out of the lake".

The California Department of Water Resources said it was
releasing as much as 100,000 cubic feet (2,830 cubic me-
tres) of water per second from the main spillway to try to
lower the lake's level and relieve the pressure.

Helicopters were dispatched to drop boulders to try to block
the eroded area in the spillway.

The emergency spillway at the dam was predicted to col-
lapse

Butte County's official Twitter feed shared news of emer-
gency shelters, and reported that many hotels were fully
booked in the wider area.

One local resident, Javier Santiago, moved his family to the

dam's visitor centre, which sits at the top of the structure
and away from the flow of water.
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"We're going to sleep in the car," he told Reuters news
agency, adding that he had packed blankets, pillows and a
little food for himself, his wife and their two children.

Gurtej Singh, a manager at a Sikh centre in Sacramento,
said the local mayor's office contacted his organisation to
ask if they would host evacuees.

"We, in turn, put a call out to members of our community to
see if they could provide food, bedding etc, so that around
50 people could stay at our centre," he told the BBC.

Land beside the lake has experienced erosion because of
overflowing water

Sheriff Honea said that the evacuation was declared to
avoid a "worst-case scenario".

He added that no decision had been made as to when peo-
ple would be allowed back into their homes, as the authori-
ties were still assessing the risks.

Doug Carlson, from the California Department of Water Re-
sources, told the BBC that the situation was looking posi-
tive, as the lake level had dropped during the night after
the emergency measures were taken.

"That's very good news for the people downstream," he
said.

California Department of Water Resources staff monitor the
water flow

After a long period of drought, California has been experi-
encing heavy rain and increased snowfall, which has led to
flooding and mudslides.

On Friday, California Governor Jerry Brown asked the Fed-
eral Emergency Management Agency to declare a major
disaster.
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Workers inspecting a damaged part of the Lake Oroville
spillway earlier in the week

(BBC News, 13 February 2017,
http://www.bbc.com/news/world-us-canada-38952847)
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2 dams illustrate challenge of maintaining older
designs

Twelve years ago, widespread destruction from Hurricane
Katrina on the Gulf Coast helped compel federal engineers
2,000 miles away in California to remake a 1950s-era dam
by constructing a massive steel-and-concrete gutter that
would manage surging waters in times of torrential storms.

The nearly $1 billion auxiliary spillway at Folsom Dam,
scheduled to be completed later this year, stands in con-
trast to the troubles 75 miles away at the state-run Oroville
Dam, where thousands of people fled last week after an
eroded spillway threatened to collapse - a catastrophe that
could have sent a 30-foot wall of floodwater gushing into
three counties.

Together, the two dams illustrate widely diverging condi-
tions at the more than 1,000 dams across California, most
of them decades old. The structures also underscore the
challenge of maintaining older dams with outdated designs.

“Fifty years ago, when we were evaluating flood risk, the
fundamental assessment was the climate was stable, not
changing. We now know that is no longer true,” said Peter
Gleick, chief scientist with the Pacific Institute, a California-
based think tank specializing in water issues.

“We need to look at the existing infrastructure with new
eyes,” he warned.

(Michael R. Blood / Associated Press - The Washington
Times, Sunday, February 19, 2017,
http://www.washingtontimes.com/news/2017/feb/19/2-
dams-illustrate-challenge-of-maintaining-older-d)
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Damage to Oroville's main spillway 'was an ac-
cident waiting to happen’

The badly damaged main concrete spillway at Oroville
Dam was pounded by massive volumes of stormwater this
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month, but its failures occurred well short of the maximum
flow that engineers designed the system to handle.

The spillway began breaking apart when its gates were
opened Feb. 7, allowing 55,000 cubic feet of water per se-
cond to roar down the slope. That was only 18% of the
300,000 cubic feet of water the channel was designed to
carry per second, one of the factors that raise significant
questions about its design integrity, engineering experts
said. Eventually, the gash that opened up had grown to 500
feet in length and dug a hole 45 feet deep in the earth.

Weakness in the aged concrete, inadequate repairs of
cracks and instability in the ground under the spillway
caused large pieces of concrete to break apart and tum-
ble downhill, said Robert Bea, a retired civil engineering
professor at UC Berkeley who led one of the investigations
into the failures of the New Orleans levee system
in Hurricane Katrina’s wake.

The failures in the concrete spillway will be investigated for
a long time. But some of the nation’s top civil engineers are
already pointing to some likely suspects: design flaws, mis-
understood geology and poor maintenance over the years.

The Federal Energy Regulatory Commission, which has ju-
risdiction over the Oroville Dam, ordered the state on Feb.
13 to conduct a “forensic analysis” of the damage and said
it was appointing an independent board of consultants that
would have broad powers to review the investigation and
oversee the repairs.
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Nancy Vogel, a spokeswoman for the Department of Water
Resources, which operates the dam, said in a state-
ment: “Everyone will benefit from a full analysis of this inci-
dent, which is exactly what we will do. Right now our top
priority is public safety and managing the active emergency
response.”

The spillway is not part of the dam, but it is one of the most
crucial safety systems at the site. It must sustain tremen-
dous forces when storms fill the reservoir to its capacity,
which was the crisis facing state engineers after continuous
rains in Northern California had swollen the Oroville im-
poundment. When they opened the control gates, water
rushed down the 3,000-foot-long spillway, which drops
about 700 feet in elevation, at estimated speeds of more
than 50 mph.

The forces the water imposed on the 50-year-old structure
were enormous, far greater than those of a big rig truck
pounding a highway. The dead weight of the water alone
was more than 5 tons per square foot, and as it
poured down the spillway its undulating motion exerted
even more force on the concrete, Bea said.

Bea, a member of the National Academy of Engineering,
bases his analysis on a review of inspection documents,
original design documents and photographs of the damage,
as well as interviews with engineers who helped design the
dam.

Inspection reports show that trees had been growing
next to the spillway, which could have damaged the ground
that supported the heavy structure. When they were re-
moved, they left bare ground adjacent to the spillway, a
weak point, Bea said. Recent photos show that trees con-
tinue to line the area of the damage, which undercut the
spillway’s vertical wall. In New Orleans, the failure of levees
well below the forces they were designed to with-
stand was traced to a poor understanding of the strength of
the soil.

An incident report by the Department of Water Resources
also raises the possibility that the spillway was undermined
by water running downhill outside the spillway, which erod-
ed rock and soil that supports the structure. Any previous
damage by the tree roots could have allowed the runoff to
more easily wash away rock and soil, Bea said. A photo-
graph of the damaged area shows erosion outside the wall
of the spillway.

The dam was one of many built in a flurry of construction in
the 1960s, when engineering analysis was far less sophisti-
cated than it is today and engineers had to rely on slide
rules rather than computational models.

“It was an accident waiting to happen from Day One,” said
Don Colson, a retired engineer who worked on the Oroville
Dam design in the 1960s and went on to a 36-year career
at the state water agency. “This was a mistake that went
back to the very beginning.”

Colson, who worked on other parts of the dam, said the
design of the spillway never fully analyzed the potential for
cavitation, which occurs when roiling water creates air
pockets that cause high-pressure intrusion into cracks and
fissures. The action can chew through thick concrete and
even steel.

Dam spillways have a long history of problems with cavita-
tion. The spillways at Hoover Dam have been used twice,
and both times they sustained heavy damage, similar to
what happened at Oroville. Cavitation caused concrete to
fail and resulted in scouring of the surrounding rock. Glen
Canyon Dam, also on the Colorado River, sustained massive
damage in 1983 when its underground spillways were put to
use. Dams in Pakistan and Brazil have also proved the po-
tential for cavitation to damage spillways.
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J. David Rogers, a dam expert at Missouri University of Sci-
ence and Technology who has written books on past dam
failures, said long spillways such as the one at Oroville cre-
ate difficult engineering problems. A 3,000-foot stretch
of concrete can shrink 15 feet as it cures, creating gaps
between panels. Thermal expansion and contraction over
the years reopens gaps, allowing cavitation to expand the
holes.

Oroville’s spillway was also fighting gravity, having a ten-
dency to slide downhill, opening more gaps on its surface
over the years, Rogers said. Meanwhile, the long drought
probably caused the underlying soil to shrink, creating un-
derground fissures that the drenching rains this year would
have easily filled in the foundation, he said.

“You have to grout these things in perpetuity, and that is
what we are doing a poor job on as nation and a state,”
Rogers said.

The Army Corps of Engineers and the American Society of
Civil Engineers have long warned that many of the nation’s
dams are not receiving adequate maintenance. Rogers said
that over the years, dams have operated closer to their
maximum storage, providing less space for flood control, as
political pressure has grown to maximize water storage and
electrical generation.

All of the engineers said the state will likely have to replace
the entire spillway, given the damage that occurred at such
a moderate rate of discharge. That could cost more than
$100 million, they estimated. And there are hundreds of
thousands of cubic yards of debris that were deposited in
the Feather River that will have to be dredged out to allow
the dam to operate normally.

(Ralph Vartabedian / Los Angeles Times, 20 Feb. 2017,
http://www.latimes.com/local/california/la-me-In-oroville-
spillway-damage-20170220-story.html)
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The terrifying moment of a landslide in Bolivia's
capital

The terrifying moment of a landslide in Bolivia's capital.

https://www.youtube.com/watch?v=6FKhmeG1y5U

Footage captured the moment homes were destroyed in a
landslide in La Paz, Bolivia, on Wednesday.

The landslide rolled off the mountainside into the
Auquisamafia area of the Bolivian capital.

No casualties were reported.
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(The Wall Street Journal, 21 February 2017,
http://www.wsj.com/video/landslide-destroys-homes-in-
bolivia/5D083F1B-3DF7-46A6-88DE-EBC3BF58A03B.html)
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Take a Tour of World Record Arch Dams

Classically curved, see some of the most distinctive
structures built or still under construction

Arch dams, classically curved monoliths situated in narrow
valleys, are not as common as other types of dams, such as
embankment dams and gravity dams.

ACS, based in Spain, is one of the most active dam contrac-
tors internationally, and has constructed 23 arch dams since
1960. It's subsidiary Dragados completed Portugues Dam, a
67-meter tall, 275-meter long roller-compacted concrete
thick-arch dam, in Puerto Rico in 2013. And it is nearing
completion of the Barro Blanco Dam in Panama. Barro Blan-
co is an arch-gravity dam of conventional concrete in the
central section and loose materials in the buttresses. It is
55 meters tall, with a crest length of 332 meters for the
concrete section, plus 138 meters for the buttresses.

In recent years, ACS’s subsidiary Cobra has been building
dams in Panama, Guatemala, Peru and Nicaragua. “There is
an added difficulty that has to do with working in depressed
regions,” says Javier Hidalgo, Cobra’s Director of Hydraulic
Infrastructure.

Regarding arch dams, “the major challenge in terms of con-
struction is the transportation and placement of concrete,
which generally requires special tailor-made systems such
as cableways. Additionally, project-specific specialized
formwork systems are required, due to the curvature of the
dam face,” says Luis Miguel Viaria Laborde, Director of
Technical Research, Development and Investigation for
Dragados, a subsidiary of ACS.

MWH, a subsidiary of Stantec, has designed a number of
arch dams. The firm provided design review, preparation of
construction drawings, and on-site construction manage-
ment of the Tekeze hydropower project in Ethiopia, a 190-
meter tall double arch dam with a 300 MW underground
powerhouse, that was completed in 2009. And MWH acted
as technical advisors on the design of the Jinping I Dam in
China, the world’s tallest arch dam. The firm completed the
feasibility level design of the Susitna-Watana hydroelectric
project in Alaska, a 224-meter tall gravity-arch dam pro-
jected to cost $5.2 billion, that was shelved in June, 2016.

MWH served as owner’s engineer for client American Munic-
ipal Power as it added powerhouses to four existing locks
and dams on the Ohio River. Since only three percent of
U.S. dams currently have hydropower, “this is a large un-
tapped source of clean renewable power in the U.S.,” says
Don Erpenbeck, vice president & global sector leader, water
power and dams, Stantec.

"With the deteriorating infrastructure in North America,
there will likely be significant growth in the hydropower
sector,” comments Jane Griffin, head of global media rela-
tions for Bechtel’s Infrastructure group. "As we recently saw
at the Oroville Dam in California, there are likely to be a
number of hydropower facilities that need significant reha-
bilitation work in the not too distant future.” The Report
Card, issued every four years by the American Society of
Civil Engineers, left the dam grade unchanged from 2009
and determined that the United States needs to invest an
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estimated $54 billion over the next five years in order to
rehabilitate all of the dams that require rehabilitation. Of
this amount, $21 billion is needed to repair the nation’s
high-hazard potential dams to bring them into a safe condi-
tion.

"South America and Africa both provide significant hydro-
power opportunities in high growth developing coun-
tries,” says Griffin. "Hydroelectric power generation is one
of the most widespread, dependable and renewable power
generation resources on the planet, constituting approxi-
mately 15% of the world’s total power supply. Despite this,
it has been estimated that only roughly one-fifth of the
world’s total hydropower potential has been developed.”

Oil prices have a significant impact on the hydropower mar-
ket. “There is a decrease in the construction of hydroelectric
power stations coinciding with low oil price periods...we are
situated in one of those periods,” says Laborde. “We are
currently facing a shortage of supply of new projects. This
has increased the competition among companies based on a
reduction of margins. New projects are, for the most part,
private initiatives following an engineer-procure-construct
format, where the contractor assumes the totality of the
inherent risks related to the execution.”

The largest arch dam currently under construction in the
world is the Baihetan Dam, on China’s Jinsha River, the
upper reach of the Yangtze. When completed, it will be 277
meters tall. Its underground powerhouse will contain 16
turbines, with a generating capacity of 14,000 MW. The
contractor is China International Water & Electric Corp., a
subsidiary of China Three Gorges Corp. Construction began
in 2013 and the first power is expected to be generated in
2018, with final completion in 2020.

Another huge arch dam under construction is the Yusufeli
Dam on the Coruh River in northeast Turkey. When com-
pleted, it will be 270 meters tall and 490 meters long. It
was designed by Su-Yapi Engineering and Consulting Inc.,
and is being built by the Limak Holding-Cengiz Holding-Kolin
consortium. The dam will have a generating capacity of 540
MW. Construction started in 2013, and it is expected to be
completed in May 2018.

Jinping-I Dam, at 305 meters, is the tallest arch dam in
the world. It is located on the Yalong River, a tributary of
the Yangtze River, in Sichuan Province in southwest China.
It was designed by the East China Investigation and Design
Institute, and built by Sinohydro Bureau 7 Co. Ltd. Con-
struction started in 2005 and was completed in 2012. It's
power station features six 600 MW Francis-type turbines,
giving it a total installed generating capacity of 3,600 MW.
The six turbines are located in an underground powerhouse
277 meters long by 29.2 meters wide by 68.82 meters high.

Xiaowan Dam, at 292 meters in height, is the second tall-
est arch dam in the world. It spans the Mekong (Lancang)
River in Yunnan Province in southwest China, with a length
of 902 meters. It was constructed from 2002 to 2010 by
Sinohydro Bureau 1,37, 8 & 14 Co. Ltd., at a cost of $3.9
billion. It's hydropower plant features six 700 MW turbines,
giving it a total generating capacity of 4,200 MW. The dam
is operated by Yunnan Huaneng Lancang Hydropower Co. It
impounds one of the largest reservoirs of any dam in China,
with a total capacity of 15.04 billion cubic meters.
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Xiludou Dam, at 286 meters, is the third tallest arch dam
in the world. It is located on the Jinsha River (the upper
section of the Yangtze), in southwest China. Construction
began in 2005 and the first generator was commissioned in
2013. It was built by China Three Gorges Corp., at a cost of
$6.2 billion. It features two underground power stations,
each containing nine 770 MW turbines. It's total installed
capacity of 13,860 MW ranks it as the third largest power
station in the world, behind only Three Gorges Dam and
Itaipu Dam.

Kariba Dam is an arch dam on the Zambezi River between
Zambia and Zimbabwe. It forms Lake Kariba, which holds
185 billion cubic meters of water, the largest reservoir in
the world. It was designed by Gibb, Coyne, Sogei (Kariba)
(Pvt.) Ltd., a combination of Sir Alexander Gibb & Partners
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(UK); Andre Coyne & Jean Bellier (France); and Societe
Generale d’Exploitations Industrielles (France). It was built
by Impresit of Italy, and completed in 1959. The creation of
the reservoir forced the resettlement of 57,000 Tonga peo-
ple. At a Zambezi River Authority conference in 2014, engi-
neers warned that the dam’s foundations had weakened,
due to torrents from the spillway eroding the basalt bedrock
the dam rests on. The World Bank is organizing a $294 mil-
lion repair project, which will excavate 300,000 cubic me-
ters of rock and reshape it, to strengthen the dam and pre-
vent further erosion.

Daniel-Johnson Dam, formerly called the Manic-5 Dam, is
the longest multiple-arch buttress dam in the world. Featur-
ing 13 arches and 14 buttresses, it spans the Manicouagan
River in Canada with a length of 1,314 meters. It was de-
signed by Andre Coyne of the firm Coyne et Bellier. Hydro-
Quebec, the owner, used its own forces for all the above-
ground construction, and hired Janin Construction Co. to
handle the tunneling. It is 214 meters tall, and has a gener-
ating capacity of 2,596 MW. Construction began in 1959
and was completed in 1968, and it went into service in
1970.

(Scott Lewis / ENR - Engineering News-Record, 21 Feb.
2017, http://www.enr.com/articles/41513-take-a-tour-of-
world-record-arch-dams)
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Scientists may have actually found a lost conti-
nent

We can only guess at what Mauritia might have looked like,
because it probably lies between three and six miles under
the sea.

The lost continent of Mauritia likely spanned a great swathe
of the Indian Ocean before it was torn apart by indomitable
geologic forces and plunged into the sea. Now, a good
chunk of it may have been found.

In 2015, researchers visited the island of Mauritius, east of
Madagascar, to study volcanic rocks. While there, they un-
earthed something unexpected. Embedded in the rocks
were ancient crystals, dated up to three billion years old—
300 times older than the island’s young volcanic surface.
Rocks this old come from Earth’s continents, but there
aren’t any continents around Mauritius. It's surrounded by
boundless sea in all directions. There was just one place left
for the researchers to look—down. Their find-
ings, published in the journal Nature Communications
(Archaean zircons in Miocene oceanic hotspot rocks estab-
lish ancient continental crust beneath Mauritius, Nature
Communications 8, 31 January 2017,
http://www.nature.com/articles/ncomms14086?dom=icopyr
ight&src=syn#auth-1), suggest that the curious crystals
came from a long-forgotten place buried well beneath the
island.

“This exciting and unexpected result can only mean that
there is a piece of ancient continent below the young volca-
noes of Mauritius,” says the study’s lead author Lewis
Ashwal, who researches geoscience at the University of
Witwatersrand in Johannesburg, South Africa.

The idea that a massive slab of missing land may lie under
Mauritius was first suggested by Ashwal in 2013. Among the
island’s sandy beaches, Ashwal and his team found minus-
cule zircon crystals that were nearly 2 billion years old, rais-
ing his suspicions about the not-so-mythical continent. But
detractors argued that the microscopic crystals could have
traveled to the beach in any number of ways—no matter
how unlikely—and it was simply impossible to prove those
alternatives wrong. Perhaps a primordial crystal from Africa
lodged in a bird’s feathers and serendipitously fell to the
ground, for example. “There were many skeptics in the sci-
ence community who criticized our suggestion because they
felt that zircons on the beach sand could have been trans-
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ported there by winds, or ocean currents, or birds, or vehi-
cle tires, or by people’s shoes,” says Ashwal.

But after finding ancient zircon crystals implanted in the
island’s rock, Ashwal confidently put those skepticisms to
rest.

The island of Mauritius is blanketed in volcanic rock, which
is (geologically speaking) pretty young at nine million years
of age. It's strange that the zircon crystals, which are so
much older, are embedded in this youthful rock, but Ashwal
has an idea about how they got there. Nine million years
ago, when volcanic magma oozed out Earth’s mantle, it
passed through the buried lost continent before continuing
to the surface and spewing lava everywhere, explains
Ashwal. The zircon crystals, too tough to melt, simply
hitched a ride up. They've sat on the surface ever since,
waiting patiently to tell scientists Mauritia’s secret.

Beneath Mauritius' volcanic surface may lie remnants of the
lost continent Mauritia, believed to have been a long, thin
continent, 350 square miles in size.

The discovery of this buried continental slab is fascinating in
itself, but it also reveals a better account of Earth’s eventful
past, as continents have collided and split apart over time.
Ashwal points to the supercontinent Gondwana, which once
encompassed Africa, India, Madagascar, Australia, and Ant-
arctica. It began to tear apart 200 million years ago, much
like Somalia, Ethiopia, Kenya, and Tanzania are splitting
away from Africa today to form the East African Rift Valley—
which may one day be filled by an ocean.

But when Gondwana split apart, sending our familiar conti-
nents to their present locations, the break-up may not have
been so clean. "Our work shows that continental break-up is
more complex and messy than previously thought, and can
result in continental fragments of various sizes, littering the
ocean floor,” explains Ashwal. For all its glory as a former
continent, Mauritia could be considered a massive piece of
continental litter.

Not all the remnants of this messy break-up disappeared.
Before its tragic submergence, Mauritia may have once
been connected to Madagascar. Ashwal compared the an-
cient zircons found on Mauritius to the ages of rocks in oth-
er places, like India and Africa, and he found the “best
match” in Madagascar.

Anytime someone claims to have discovered a long-lost
land, it's certainly wise to raise a skeptical eyebrow. But in
this case, there’s little doubt. “I'm quite convinced,”
says Calvin Miller, who studies earth sciences at Vanderbilt
University and was not involved in the study. Miller says the
profoundly old ages of the zircon crystals certainly imply
that they came from bona fide continental crust. He does,
however give some caution to how the crystals might have
become embedded in such young rock. Ashwal's notion that
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molten rock carried the crystals up through ancient crust is
"not quite ironclad,” says Miller. “But it would be my favor-
ite interpretation, too.”

It's also unclear how much of the lost continent actually lies
beneath the island of Mauritius. “They've found ancient
crystals surrounded by younger rocks,” explains John Val-
ley, who studies geoscience at the University of Wisconsin-
Madison but didn't participate in the recent study. “But they
haven’t yet found any of the older rocks.” Although the
crystals provide valuable evidence for the existence of this
submerged land, how much of it lies down there remains a
mystery. “It could be a massive buried continent, or just
trace amounts of zircon crystals,” says Valley.

Regardless of how much land lurks three to six miles be-
neath the island, Ashwal thinks that most of Mauritia is
strewn about the floor the Indian Ocean, cast into other
shoals, ridges, and banks. But at least we know it's out
there.

“It's not every day that a new piece of continent is discov-
ered, even though this one is buried and we cannot see or
touch it,” says Ashwal.

(Mark D. Kaufman / Popular Science, February 3, 2017,
http://world.einnews.com/article/365118749/4k2KGIHS 9X
TvaGD?Icf=72X9dkeSQfK-5FADPuwjBkQ%3D%3D)
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Seismic swarm in Turkey gently stresses
a major fault zone

by Volkan Sevilgen (Temblor), Akin Kirger (MTA), Hasan
Elmaci (MTA)

A series of mid-sized earthquakes (also called a seismic
swarm) occurred at the tip of the Biga Peninsula in Turkey
at the intersection of the Kestanbol Fault and the Edremit
Fault Zone. In just a few days, 800 earthquakes varying
size were felt, including three damaging magnitude 5+
earthquakes. As a result, over 350 building sustained ex-
tensive damage (AFAD). Authorities also asked residents
not to enter any building before official building assessment.
The Turkish Government swiftly built a small village from
container houses for those who needed shelter.

Temblor Map showing active faults in Turkey (MTA Faults)

We calculated that the recent seismic swarm stressed the
western portions of the Edremit Fault Zone by about 0.1
bar. If we start seeing larger numbers of small earthquakes
on the Edremit Fault Zone, it would suggest the fault was
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triggered by the seismic swarm. The last large earthquake
on the Edremit fault was a magnitude 6.7 earthquake in
1944. Therefore, a similar quake in the future would not be
surprising. Thus, we think the seismicity around the Edremit
fault should be closely monitored.

[ T T T T T T T ] More
earthquakes expected
0.1 Bar

-0.1

Less
earthquakes expected

Stress change caused by the M=5.4
resolved on the Edremit Fault Zone

Coulomb Map Shows stress increase on the Edremit Fault
Zone. The map was created in Coulomb 3. Edremit fault:
Dip: 60, Rake:-90, Depth: 7.00 km, Friction: 0.4

Seismic swarms generally occur in geothermal areas where
faults are lubricated by hot water, making them easier to
slip. This area is one of the most active geothermal regions
in Turkey, with some water temperatures reaching 174° C.
Water boils at 100° C at sea level but the high pressure
environment underground prevents evaporation. Most seis-
mic swarms end without triggering a large earthquake.

™

[C)AKin Klrger, MTA

AFAD (Disaster and Emergency Management of Turkey), did
an amazing job responding to residents of more than 500
damaged houses, and immediately built container housing.

Old masonry buildings are common in Turkey, Greece, and
Italy, are susceptible to extensive earthquake damage. Alt-
hough they can be reinforced to have more lateral support,
masonry buildings generally lack the strength to withstand
seismic shaking. Conversely, well-built modern structures
can generally withstand the side to side motion caused by
earthquakes. However, poor construction quality, unen-
forced building codes, and inadequate soil investigation of-
ten results in damaged buildings regardless of age.

The 1944 Edremit Earthquake reduced substandard struc-
tures to rubble and caused substantial damage to well-
constructed buildings along the Gulf of Edremit, in Ayvalik,
Gomen, Oren. Visible damage occurred when the strong
shaking was felt. Figure is from Altinok et al 2012
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(Posted On February 10, 2017 by Temblor,
http://temblor.net/earthquake-insights/seismic-swarm-
gently-stresses-large-fault-zone-2488)

O3 D

Katw anodé Tnv enipaveia Tou Eipnvikou
ZnAavdia, n KpUPHEVN ANEIPOG

» %

H nepioxn Tng «ZnAavdiag» 6nwg gaiveral ato Google Earth

Edv nioTeUeTe 0TI 01 NNeipol TnG 'ng eival €81, iowg xpelaoTei
va avabewpnoeste. TouAdxioTov auto unooTnpilel pia opdda
enioTnuovwy, n onoia Bewpei OTI akOPa Mia -KUPIOAEKTIKA-
KPUMMEVN ANEIpOG BpiokeTal avaToAikd Tng AuaTpaliac.

JUPPWVA HE PHEAETN EvTeka epeuvnTwV (Zealandia: Earth's
Hidden Continent), un6é Tov yewAdyo Nik MOpTiuep, MNou
dnuoaoieuTnke oTo Geological Society of America, n Néa Zn-
Aavdia kai n Néa KaAndovia anoteholv Ta wnAoTepa Bouva
Mia TepdoTiag kal eviaiag nAAkag NnepwTikoU (AoioU nou
gival EexwpioTOG ano ekeivov Tng AuaTpaAiag.

O enioThdoveg Tng €dwoav  To Ovoupa  «ZnAavdia»
(Zealandia).

H ouvoAikr €KTaon auTng Tng neploxng €ival 4,9 ekaTopupu-
pla TETPAYWVIKA XIAIOMETPA. 'Exel Opwg pia 181aTepoTnTa:
BpiokeTal kata 94% kATw and Tnv €NPAveEId TOU VOTIOSUTI-
koU EipnvikoU Qkeavou.

Mapa To yeyovog OTI n «ZnAavdia» napauével KaTa To Weya-
ANUTEPO WEPOG TNG BuUBIOMEVN, OI ENICTRAMHOVEG Bewpouv OTI
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YEWAOYIKA €ival pia cap®g opiouévn Kal viaia neploxr, nou
a&iCel va kaTaTaxTei wg NNeIpog.

«H emoTtnuovikn a&ia Tng Tagivopnong Tng ZnAavdiag wg
nneipou €ival kATl NoAU NEPICCOTEPO anod £va eninAéov OVo-
pa aTov kaTdAoyo», €ypayav.

«To OTI WIa NNEeIPoG Wnopei va €ival TOoo BuBIouEvn, Kal O-
MwG eviaia, Tnv kabioTa éva Xproido Kal TOANNPO gpyaAcio
yla Tnv €&gpelivnaon TNG GUVOXNG Kal Tng dIAAUCNG Tou Nnel-
PWTIKOU PAoIoU» NPoCBETOUVY.

AuoTuxwg dev undpyel kKanoia eNICTNHOVIKA ENITpoNT nou Ba
anogaaiosl €av n «ZnAavdia» eival npdyuaT pia véa Anel-
pogG.

H enioTnuovIK opada nou GUVEYPAWE TN HEAETN, AQIEPWOE
€peuva OUO OEKAETIWV MPOKEIMEVOU va MEITEl yia TO €MIXEi-
pnua Tng. O xpovog Ba deikel edv Ba yivel anodekTo.

(Newsroom AOA, 17 Feb. 2017, http://news.in.gr/science-
technology/article/?aid=1500130013&ref=newsletter)

Zealandia: Earth’s Hidden Continent

Nick Mortimer, Hamish J. Campbell, Andy J. Tulloch, Peter
R. King, Vaughan M. Stagpoole, Ray A. Wood, Mark S.
Rattenbury, Rupert Sutherland, Chris J. Adams, Julien
Collot, Maria Seton

Abstract

A 4.9 Mkm? region of the southwest Pacific Ocean is made
up of continental crust. The region has elevated bathymetry
relative to surrounding oceanic crust, diverse and silica-rich
rocks, and relatively thick and low-velocity crustal structure.
Its isolation from Australia and large area support its defini-
tion as a continent—Zealandia. Zealandia was formerly part
of Gondwana. Today it is 94% submerged, mainly as a re-
sult of widespread Late Cretaceous crustal thinning preced-
ing supercontinent breakup and consequent isostatic bal-
ance. The identification of Zealandia as a geological conti-
nent, rather than a collection of continental islands, frag-
ments, and slices, more correctly represents the geology of
this part of Earth. Zealandia provides a fresh context in
which to investigate processes of continental rifting, thin-
ning, and breakup.

(The Geological Society of America / GSA Today / Volume
27 Issue 3 (March/April 2017),
http://www.geosociety.org/gsatoday/archive/27/3/article/G
SATG321A.1.htm)
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Mapanova yia {éotn
21n NopBnyia, éva kahopipép apkei yia évav
opogo

‘Eva povo kaAopipép apkei yia va (eotabei evag oAOKANPOG
OpoPOC OTNV MIO «EEEAIYHEVN» KATNYOPIa EVEPYEIAKWV KTI-
piwv.

H owoTn yovwon Twv CrITI®V Yid TNV €50IKovOUNON EVvEPYeE-
10GC KAl TN MEiwon TwV €KNOWN®V agpiwv Tou Bepupoknmniou
anoTeAei NA€ov Tov Kavova os NOAAd kpdTn, Opwg otn Nop-
Bnyia £xel avaxBei o aAAa €ningda.

STV Wuxpn Xwpa Tou Boppd ol svepyelakes npodiaypageg
NOAA®V VEWV KTIpiwV eival e§aIpeTIka UWNAEG Kal, Onwg ¢ai-
VETal, OxI anA®¢ anodidouv, aAAa PEPIKEG POPEC TO... Napa-
Kavouv, agou noAAoi NopBnyoi napanovouvTalr OTI GTOUG
E0WTEPIKOUG XWPOUC TOUC EMIKPATEl unepPBoAIKh  goTn.
MpoonabwvTag va Bpel Tn «XpUor Toun» avdapeoa oTIG 0wo-
TEC 0O0EIC BAANWPNC Kal aTnv £E0IKOVOUNGON evépyelag pia
opada enmoTnUOVWY HEAETNOE TOo {ATNMA KAl KATéAn&e ot
MAAAoV evTunwaolakd anoteAéopara. AlanioTwos 0TI oTa KTi-
pIa Mou €xouv napa noAU KaAn povwaon &va PJOvo KaAopipEép
€ival apkeTo yia va {eaTavel evav oAOKANpo 6po@o!

Ta «nadnTika onitia>»

H PEAETN €0TIAOTNKE CUYKEKPIPEVA OTAV MIO «EEEAIYMEVN»
KaTnyopia €VePYEIGK®V KTIpiWV, n onoia €ival yvwoTn g
«naénTika oniTia» n «KTipia PNdEVIKWV eknopnwv» (zero-
emissions buildings - ZEB). Ta kTipia autd eivar «ungp-
HOVWUEVA», JE ANOTEAEOWA VA PEI®VOUV BEAPATIKG TOGO TNV
kaTtavaAwaon evépyelag 600 Kal TNV anddocn Tou CUCTANATOC
B¢ppavong. O1 gpeuvnTég and Tto NopBnyikd MavenioTApIo
Eniotipng kar Texvohoyiag (NTNU) kar To SINTEF, To peya-
AUTEpO aveEapTnTo IVOTITOUTO €psuvv Tng Zkavdivapiag,
BEAnoav va €EeTAoouV evOEAEXWC OXI MOVOV TIC EVEPYEIAKEG
eMdOOEIg TWV NABNTIKWV OMITIOV MOU €XOUV KATAOKEUAOTEI
oUP@WVA KE Ta NPOTUNA KTIPIWV WNJEVIKWV EKMOUM®V MOU
IoxUouv otn NopBnyia (autd nepiAapBdavouv PETa&lu aAAwv
Hovwon €EalpeTikd uwnAwv npodiaypa@®v Kal HEIOPEVO
apiBpod kalopipep) aAAd kai To KATd NOCO Ol KATOIKOI TOUG
NTAV €EUXAPIOTNHUEVOI HE TNV «EOWTEPIKN» BEPUOKPATia TOUG.

«ZTOXOG MaAg ATav va BpoUpe pia KaAR 1copponia avapeoa
OTNV EVEPYEIAKN anodoon Kal oTnv 1IKavoroinon Twv Xpno-
TWV YE TN Bepuokpacia Kal Tnv aveon» ONAwoe ot deATio
Tunou o Aopav Zopl, kadnyntng oto TuAua Mnxavikwv E-
vépyelag Tou NTNU. «Me €va pdvo kahopipep ava dépogo Ba
nepipeve kaveig T o1 Xpnoteg Ba eévimBav o1 oTa dwpaTia
Onou BV UNApPXElI KAAOPIPEP KAVEI KPUO, OPWC dIanioTWOAE
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To avTiBeTo. H yevikr BepUIKr AVECN OTOUG KATOIKNHUEVOUG
XWPOUG ATav KaArn. To npoBAnua nTav nepioodTEPO OTI OCOI
npoTigoUV To UNVOJdWWATIO TOUG va eival kpuo Bewpoloav
OTI Ta UNVOdwWNATIa ATAv NoAU {eoTda>».

AnAn katavopn OgppoTnTag

O1 gnioTroveg peAéTnoav dUo diapepioparta kar dUo KTipia
KATOIKIOV HE MECOTOIXIA KATAOKEUACHEVA CUMPWVA MHE Ta
vopBNYIKA NpOTUNA YId TA KTipia PNJEVIK®WV €KNOUN®V. Ap-
XIKG €kavav HPETPNOEIG YIa va KATaypayouv Tn Bepuokpacia
TWV POWV AEPA Kal Tou MNePIBAAAOVTOG OTOUG XWPOUG KABE
KTipiou, kKaBWG kAl TNV €naywyr agpa kai Tnv avdakrnon
BepuOTNTAG O AUTOUG, EVW £€MNionG nNnpav ouvevTeUEelc anod
TOUG KATOIKOUG. ZTn OUVEXEId €Kavav MPOCOMOIWOEIG TWV
KTIPIWV OTOV UMOAOYIOTH MWOTE va npooappocouv Tn Bep-
Hokpacia pe Tov kaAUTepo duvaTtod TPOMo Kal €TOI WOTE vda
IKavomnoloUV TIG ENIBUNIEG TWV KATOIKWV O OAa Ta dwHATIA.

H péBodog Bgpupavong mou eneAe€av va epapuooouv gival
YVWOTH WG anAn katavoun BgppoTnTtag. Kai, 6nwg dianiotw-
oav, auTh eneTelxBn anoAUTWG IKAvonoINTIKG PE €va KaAo-
PIPEP avda 0pPoPO - O OUVOUAOUO HE €va KAAA puBUICHEVO
ouoTtnua e€agpiopol. «O axedIaoPoC TWV NABNTIKWYV ONITIOV
anaAAdacoel and Ta peuPaATa nou Pnaivouv anod Ta napabupa
Kalr ano TIG KpUeG eEWTEPIKEG EMIPAVEIEC TWV Toixwv. 'ETal,
dev xpelaleTal va BAAel KAnolog &va KaAopiPpép PNpooTd o€
KaBe nmapabupo. MdaAioTa, €neidf n Tpogodoaoia Tou atpa
€ival HEAETNHEVN WOTE VA KATAVEWUEI NEPIOTOTEPO OMOIOUOP-
(a Tn Bepuokpacia g OAOUC TOUG XWpPOoUC, XpsialeTal Yovo
€va KalopipEp yia NoAAG dwHATIA N €va KalopipEp ava oO-
poPO>.

Z£0Tn OTO UNVO3WHATIO

Ta naénTika oniTia yia opICUEVOUG £XOUV WOTOOO £va WEIO-
VEKTNMA, Kal auTo €ival akpiBwG n OhoIOKOoPPN KATavoun Tng
Bepuokpaciag e dAoOUG TOUG XWPOoUG. «MoAAoi CUHHETEXOV-
TEG OTN MEAETN pag napanoveBnkav OTI Ta uNvodWHATIA TOUg
nTav noAu Zeota. O1 NopBnyoi ouviBwg BEAouv kpla unvo-
dwuaTia, KaTw ano Toug 16 Babuoug. Kal auto dev yiveral
XWPIG va avoi&el kanoiog To Napdabupo, akoOun Kal av €xel
KAEIOTA TNV nopTa TNG KpeBaTtokauapag OAn Tnv nuépa»
€€nynos n Mapia XouoTo-AAOvoo and To SINTEF. «AuoTu-
XWG, auTdG 0 TPOMOG pUBHIONG TNG Bepuokpaaiac Tou dwua-
Tiou (0.0.: To Avolypa Tou napadulpou) €xel ONUAVTIKEG €NIM-
TWOEIG OTIC AVAYKEC BEpUAvong oAOKANPOU ToU ariTIoU».

O1 gpeuvNTEG HEAETNOAV DIAPOPEG OTPATNYIKEC WATE va Npo-
oapuooouv Tn Béppavon ora didagopa SwuaTia, dAAd onwg
gidav kATl TETolo dev €ival eUKOAO va eniTeuxBei. STo napov
oTadio TNG €peuvag Toug npoonabolv va Bpouv TPOMoug
WOTE va pnopei va peiwdei n Bgpuokpacia oTa unvodwudaTia,
XWPIG va au&dveral n OUVOAIKN KATAvaAwaon eVEPYEIAG TOU
ommioU. MapdAAnNAa wOTOCO KAMOIEG MPOCPATEG MEAETEG
deixvouv OTI auToU Tou €idouUG N KEVTPIKN B€puavon anoTeAEi
MAAAov Tnv kaAuTepn €mAoyn oTa KTipia nou npoopifovTai

yia ypaoeia.

(AaAiva ®a@ouTn / Brpa Science / Newsroom AOA, 3 ®eB.
2017, http://news.in.gr/science-
technology/article/?aid=1500128067&ref=newsletter)
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The Future of Construction:
Mushroom Buildings

The future of construction is rotten. The process which has
long been known to decompose and recycle organic matter
may soon provide the building blocks to construct our fu-
ture. The technology is owed to nonother than the mush-
room- or more accurately, fungus.

Fungi have dominated the world’s undergrowth for millions
of years. Their unique ability to decompose organic matter
enables them to thrive from the life of other organisms.
Over decades of research and development, scientists are
narrowing in on technologies which will allow engineers to
use fungus as the main building material in future construc-
tions.

Molding the future with fungus

The visible portion of a fungus, or a mushroom, only repre-
sents a minute fraction of the fungus. Beneath the surface,
mushrooms can quickly grow out thread-like roots
called mycelium. In recent years, scientists have devel-
oped ways to make use of the web-like formations to create
many materials, including bricks.

An architectural team known as The Living designed the
world’s first mushroom brick tower back in 2014. The team
constructed the bricks entirely from fibrous fungi which
grew from agricultural waste. The idea came
from Ecovative, a research company who develops alter-
nate uses for mushroom mycelium.

The Living collaborated with structural engineers to design a
building made entirely from mushrooms. The team spent
weeks investigating which techniques worked best to sup-
port the most weight.

After rigorous testing, the team decided to take on the task
of building a structurally sound 40-foot tower. The tower
consisted of 10,000 bricks and reached 40-feet into the air.

Building a 40-Foot tower made of living mushroom bricks

The bricks used to construct the building were grown in
three separate molds. To make the bricks, researchers filled
molds with organic matter infused with spores. It only takes
five days for the mushrooms to transform the organic mat-
ter into a viable brick, making the process cheap and effi-

cient. Although it is not the same as conventional building
materials, the early stages of mycelium material engineer-
ing are proving hopeful.

How does it compare?

As with most emerging technologies, to become a viable
alternative to conventional building materials, the mush-
room brick will still require extensive research and devel-
opment. In essence, the brick is not as strong and does not
have a long useful lifespan in comparison to most building
materials.

One of the most commonly used construction materials is
concrete. Concrete on its own maintains a compressive
strength of concrete 4000 psi (28 MPa), up to 10,000
psi (70 MPa) depending on the requirements. Comparative-
ly, the mushroom bricks can only withstand 30 Psi, or 0.2
MPa.

Though it cannot support nearly as much weight, it is also
much lighter than concrete. The mushroom brick weighs an
astonishing 43 kg/m3. On the other hand, concrete weighs
about 2,400 kg/m3. Despite the brick’s lack of compres-
sive strength, its low density makes it useful in areas which
do not need as much support. The bricks can be used as a
both an insulator and as support for interior walls within a
building.

The bricks are also surprisingly durable. Before being used
to construct the 40-foot tower, engineers put the bricks
under accelerated aging- a process which stimulates three
years of weathering (wind, rain, and humidity) over a three-
week period.

“After three years of accelerated aging the material per-
formed exactly the same as it did originally,” says David
Benjamin, on of the coordinators at The Living.

MoMA PS1's'Mushroom Tower | Hy-Fi by The Living
~

.

https://www.youtube.com/watch?v=8G2tQ O0AiqY

Other Applications

The applications mushrooms reach far beyond that of just
building applications.

Large companies are looking to mycelium as an alternative
to conventional packaging materials. The mushroom pack-
aging is naturally fire resistant and it can be easily molded
to any shape. With a curing time of only five days, the
mushroom manufacturing process is proving to be a viable
option for other cooperations to consider.

Of course, the largest driving force behind mushroom mate-
rials is its environmental friendliness. It is carbon neu-
tral and if exposed to living organisms, it can be decom-
posed.

The technology behind mushroom engineering is still in its
infancy. As more carbon taxes are inevitably imposed with
the increasing threat of global warming, humanity will be
required to take alternative measures to save money now,
and save the planet later.
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(Maverick Baker / INTERESTING ENGINEERING, January 30,
2017, http://interestingengineering.com/future-
construction-mushroom-buildings)
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H anoysi®won TnG apXITEKTOVIKNAG

«MNeTayopaoTe» oTA WPAIOTEPA AEPOSPOHIA TOU KOO~

Hou pHéoa ano TiG oeAideG Tou véou coffee table book

«The Art of the Airport: The World’s Most Beautiful
Terminals»

1. Carrasco International Airport, MovteBI3é0

.,;'\

T

OcewpeiTal €va ano Ta nio QIAIKG npog Tov Ta&idiwTn aspod-
pOMIa TOU KOOWOU Kal €ival eEAIPETIKA EUPUXWPO, ETCI WOTE
va KukAogopoUv avetra TOoo ol €niBATeg 600 Kal «ol iAol
Kdl OUYYEVEIG Toug», ol onoiol atnv Oupouyoudn «akoua
€pXOVTal Va O€ ANOXAIPETAOOUV OTAv (PEUYEIC N va O€ uno-
dexToUV OTAV €pyeEddl ano kdanoio Ta&idi», Onwg avagepel
XAPAKTNPIOTIKA 0 apXITékTovag Rafael Vinoly. Me onua karta-
TEBEV TO B€6PATO KAUNUAWTO OTEyaoTpo Twv 4.000 T.4. (1),
To Carrasco di1aBéTel EexwploTa enineda yia Tig agi&eig (100-
YEIO) Kal TIG avaxwpnoeig (NpwTog Opogog) Kal €ival katao-
KEUAOHEVO €TOI WOTE TO PUOIKO QWG va JIAXEETAI AVEUNO-
310Ta OTOUG KOIVOXPNOTOUG XWPOUC, EV® TO €0TIATOPIO TOU
NPOCQEPEI OTOUG EMICKENTEG EVTUNWOIAKN B€a oTov agpodi-
adpopo. www.aeropuertodecarrasco.com.uy

2. Pulkovo Airport, Ayia NeTpoUnoAn

Zekivnoe va Aeitoupyei Tn dekaertia Tou 1930, 6Tav n Ayia
MeTpounoAn AeydTav AEvIVYKpavT Kal TO dgpodpOMIO TNG
Shosseynaya. And TIG NAAIEG yKATAOTACEIG EeXwpIlel O Tep-
paTikdg oTabuodg Pulkovo-1, Tou 1973, nou BewpeiTal apio-
ToUpyNHa TNG COBIETIKNG WETAUOVTEPVAG APXITEKTOVIKNAG. H

véa enoxn yia To agpodpopio TnG Ayiag MeTpounoAng, OUwG,
ENIKEVTPWVETAI OTO OAOKQAIVOUPYIO —HOAIG TPIOV ETOV-
Terminal 1, nou oxedldoTnke anod Tn BpeTavikn @ipua
Grimshaw, n onoia gunveuoTNKe anod TNV ApXITEKTOVIKI TNG
id1ag TNG NOANG: £Tal, 01 XpUOOi TPOUAOI TWV vawv Kdl n ye-
WHETPIA TWV COBIETIKWV ACTEPIWV MOU CUVAVTA KAVEIC O Hia
BOATa Tou oToug Spopoug TnG MeTpounoAng AsitoUpynoav
WG ApXETUMO YIA TNV EVTUNWOIAKN EMIXPUCWHEVN OpOPN HE
TIG aAIXMNpeEG anoAn&elig Tou véou TeppaTtikoU oTabuou.
www.pulkovoairport.ru

3. Spaceport America, Néo Me&iko

Edw dev £XOUME VA KAVOUME HE £vav anAo acpoAipéva, aArd
yia TO NPpWTO KOGHOJPOMIO «ualikng xprnong». To Spaceport
America £xel dInAO okono. AQevog (IAoEevel okAPn ONWG
eival To SpaceShip Two Tng Virgin Galactic, éva diaoTnuon-
AOIO XWPNTIKOTNTAG OKTW ATONWV KATAOKEUAOWEVO Yia diao-
TNMIKO TOupIoWO. Kal apeTépou npoo®épel Tn duvartoTnTa
OTOUG EMNIOKENTEG va EevaynBouv otn diacTnuikn Bacn Kai va
BIWOOUV €uNEIpieg ONWG AUTH MOU NPOCPEPElI O €EOUOINTNG
G-Shock, 6nou péoa anod pia diadikacia TaxUTaTng €niTa-
XUvVong Toug Kavel va aiobdavovTal onwg évag actpovalTng
€v wpa nTnong. http://spaceportamerica.com

4. Franz Josef Strauss Airport, Movaxo

Me €uBANUA Tou éva kepaAaio M, To OeUTEPO O €MIBATIKN
Kivnon agpodpopio TnG Mepuaviag €xel kepdioel, HeTAgl AA-
Awv, Tnv uwnAdTtepn didkpion («5 star airport») TNng
Skytrax, n onoia anovéueTal oTta Kopupaia agpodpduia Tou
KOopou. To agpodpopio Tou Movdyxou nrpe To OVOUA Tou
and Tov npwnv KUBepvATN TnG Bauapiag Franz Josef Strauss
Kal NPoo@EPEl KABNUEPIVEG EEVaYNOEIG OE OCOUG EMIOKENTEC
BéNouv va £pBouv Mo KOVTA OTn CUVAPNACTIKI KABNUeEPIVO-
TNTA €VOG AEPOAINEVA, HEOW HIAG dIadpOounG UAKOUG 12 XAW.,
n onoia nepva and Toug agpodiadpououg PEXPI Kal and Ta
UNoOoTEYa OUVTAPNONG TWV dEPOOKAP®V. WWwWw.munich-
airport.de
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5. Madrid Barajas, Madpitn

5Ta pYE€oa TNG NEpAcpEVNG DEKAETIAG, OTOUG TepHaATIkoUg 1, 2
kal 3 Tou d1eBvoUG agpoAipéva TnG MadpiTng NpoaTEBNKe Kal
€vag TETapTog. Me duvarotnTa diaxeipiong 70 exar. enifa-
TWV Tov Xpovo, To Terminal 4 ekteivetal o dUo KTipia, Ta
onoia ouvdéovTal PeTa&l Toug PE UNOYEIO OUPHO o€ pia di-
adpopn nou diapkei 3 Aentd. O TePUATIKOG OTAOUOC PEPE!
TNV unoypapn Tng @ippag Richard Rogers Partnership kai
€xel kepdioel To Stirling Prize, To onuAvTIKOTEPO APXITEKTOVI-
KO BpaBeio Tou Hvwpévou BaoiAeiou. H kaTaokeun Eexwpilel
yia TO KUMATIOTO pnapnou oTéyaoTpo, aAAd Kal yia To QwTe-
IVO, OHOP®O Kal AEITOUPYIKO ECWTEPIKO, E ENAPKN OnRlavon,
£€TOI WOTE va Wn XAvouv TOoV MpooavaTtoAioud Toug ol €Mio-
KENTEG napd To pHeydlo péyebog Tou  agpodpopio-
uU. www.aeropuertomadrid-barajas.com

6. Kansai International Airport, Ocdka

.

BpiokeTal aTov kdAno Tng Oodka, otnv Ianwvia, kar n dnyi-
oupyia Tou TpaBnEe apéowe Ta GWTA TNG dnuoaidTNTAg, Ka-
Bwg eival XTIoOpEVO navw o€ éva TexvnTd vnoi. H apxITekTo-
VIKR GUAANWN avnkel otov ITaAd Renzo Piano kal napd To
YEYOVOG OTI avTeEe dUO KATAOTPOYIKA XTUNNAHATA TNG PUONG
-TOV (OVIKO OgIopO Tou Kobe To 1995 kal Tov 1I0XUpO TUP®-
va nou népace 1o 1998 pe TaxutnTa nou ayyi&e Ta 200
XAM./Opa- €XE€l Kal AuTO €va TPpWTO onueio. «AxXIAAEIOC NTEP-
va» Tou anodeixbnke To paAako €dagog, eEaitiag Tou onoiou
napartnpouvTal gaivopeva kadilnong Tou vnolou. O1 epyaci-
€C OUVTNPNONG YIA TOV MEPIOPICUO YivovTdl HEV, €ival OHWG
e€alpeTika danavnpég. www.kansai-airports.co.jp

7. Shenzhen International Airport, Zévtlev

O peyahog ITaldg apxiTékTovag Massimiliano Fuksas kal To
ypageio Knippers Helbig Advanced Engineering, nou €idike-
UETal OTIG NPOCOWEIG KTIpiwv, &vwoav TIG OUVAMEIG TOUG
MPOKEILEVOU va dNUIOUPYNOOUV TO EVTUNWOIAKG Terminal 3,
nou npiv anod Tpia Xpovia avTIKaTESTNOE TOUG TEPUATIKOUG
oTaduolg A, B kai D Tou digBvoug asgpodpopiou Shenzhen
otnv Kiva. Ano wnAd poidler pe Tepaotio diaBoAdwapo (oa-
Aax! pavTa), eV N KaTaokeur Tou Eexwpilel yia TNV KUye-

Ao€Idn enigpdvela and yudAiva kal JETAAAIKA NAveA nou eni-
TpENOUV OTO QUOIKO QWG Vva E€IoXwpei oTo  KTiplo.
http://eng.szairport.com

INFO: To BiBAio «The Art of the Airport: The World’s Most
Beautiful Terminals» Twv Laura Frommberg, Stefan Eiselin,
Alexander Gutzmer kukAo@opei and TIG ekdooeig Frances
Lincoln. H Tipr Tou oTo Amazon €ival 27 eupw.

(EAeuBepia AAaBavou / H KAGHMEPINH, 20 ®eB. 2017,
http://www.kathimerini.gr/896902/gallery/ta3idia/me-
aformh/h-apogeiwsh-ths-arxitektonikhs)

3

5 Engineering Marvels You Need to See Before
It's Too Late

Humans have been constructing and building engineering
marvels since we were first on this Earth. While many ha-
ven't lasted, there are many others that have survived to
present day. Some of the most amazing surviving struc-
tures across the globe are in danger of being destroyed due
to environmental factors. Here are 5 of those engineering
marvels that you need to see. . . before it's too late.

Venice, Italy

Venice is arguably one of the most beautiful cities in the
world. It is built on 118 tiny islands with engineered water-
ways throughout. As continents have shifted and water lev-
els have risen across the globe, Venice is in serious danger
of getting destroyed. There are currently multibillion-dollar
plans to install floodgates, but the efforts may be too little
too late. Heavy storms continue to berate the city that was
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called the most beautiful city in the world in 1495 by French
King Charles VIII. The city remains as one of the engineer-
ing marvels with the implementations of piers and beams
over water construction. If you hope to one day see the
city, now may be the time to book a trip.

Taj Mahal

The Taj Mahal may be the most iconic monument in the
world, but it too may not be around for much longer. The
monument was built after Emperor Shan Jahan’s wife,
Mumtaz Mahal, died in childbirth in 1631. The white temple
features a 187-foot dome with a reflecting pool in the front.
The white marble on the monument has been deteriorating
heavily for many years. in the 1990s, the Indian govern-
ment began restoration work. For now, it would appear that
the massive wonder is safe, but given it's all stone con-
struction and old age, it could be destroyed from its current
state through a number of environmental disasters.

Easter Island

Easter Island, while not commonly thought of as a feat of
engineering, is one nonetheless. 2,000 miles of the coast of
South America sits this historic island littered with buried
heads - and subsequent bodies attached. Discovered in
1722, historians and archaeologists still are uncertain how
the stone heads arrived on the island in the first place. Each
head and body average 13 feet tall with a weight of 14
tons. The engineering marvel behind the island is just how
these structures were put in place by such an isolated popu-
lation. Climate change and rising tides have a real possibil-
ity of destroying the historic island. If tides were to rise
above the statues, it would only take a matter of years for
their details to be wiped away.

Ephesus

o sz

Ephesus remained one of the most vibrant metropolises of
the ancient world for hundreds of years. The city is located
on the current western coast of Turkey, and in its height,
300,000 people lived there. One of the biggest reasons
Ephesus has worked its way into modern history is the
Temple of Artemis that still remains there today. It is one of
the seven wonders of the ancient world. Today, the temple
remains in a state of ruin, but to a degree that has relative-
ly preserved its beauty. Weathering from storms presents a
very real threat to the survival of the temple, and it's some-
thing you need to see before it becomes a pile of rubble.

Macchu Picchu

Machu Picchu is one of the engineering marvels that takes
some effort to witness. Perched atop the Huayna Picchu
Mountain, it looms 1,000 feet above terraces and stonework
that curl up from the river below. The ancient city was an
agricultural mecha, one completely decided on steep fa-
cades of the mountain. Ancient engineers undertook an
impressive task as they stabilized the mountain side with
stones and soil compaction. They took extra effort to man-
age irrigation channels in the city, which ultimately served
as the royal retreat for the Incan emperor of Pachacuti.
Visiting Machu Picchu is actually what might destroy it. In-
fluxes of tourists to the area have destroyed much of the
support and stonework and it is now at risk of major de-
struction. If you want to visit this site, be committed to pre-
serving its wonder.

(Trevor English, February 28, 2017,
http://interestingengineering.com/5-engineering-marvels-
need-see-before-late)
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NEEZ EKAOZEIZ 2TI2
FEQTEXNIKEZ
EMNIZTHMEZ

Earthquake-Induced
%xmaol|heMa ractice in the Assessment of SOiI Liquefaction
( - and Its Consequences

-

National Academies of Science,
Engineering & Medicine

The National Academies of Science,
Engineering & Medicine (NASEM)
recently released a report of high value for the engineering
community on the "State of the Art and Practice in the As-
sessment of Earthquake-Induced Soil Liquefaction and Its
Consequences". The report aims to help the technical com-
munity reach again consensus on issues related to liquefac-
tion triggering assessment and build confidence in methods
used to assess liquefaction initiation and its consequences.

The report focuses on developments since the 1996 and
1998 National Science Foundation/National Center for
Earthquake Engineering Research (NCEER) workshops,
where consensus was last reached on the topic of assessing
liquefaction triggering. A committee of 12 engineers and
scientists thoroughly evaluates the following: the sufficien-
cy, quality, and uncertainties associated with laboratory and
in situ field tests, case history data, and physical model
tests for understanding liquefaction triggering and post-
triggering soil behavior; methods to analyze the data from
those tests; and the adequacy and accuracy of empirical
and mechanistic methods to evaluate triggering and result-
ing deformations in the soil and the structures built in, on,
and of those soils. The report considers future directions for
research and practice, coming with a humber of recommen-
dations in the end.

In a brief overview, the report deals with the following:

- Provides a description of the phenomena associated with
earthquake - induced soil liquefaction and the factors in-
fluencing them;

- Discusses the sufficiency of the case history data on
liquefaction and associated phenomena, including field
case histories, and provides a critical assessment of
those data;

- Describes and assesses the simplified stress - based
approach to predict the initiation of liquefaction;

- Assesses alternative approaches to liquefaction trigger-
ing assessment such as strain - based, energy - based,
and computational mechanics - based approaches;

- Describes the assessment of the post - liquefaction
shear strength of soils;

- Discusses empirical and semi - empirical methods to
evaluate liquefaction consequences;

- Discusses how computational mechanics can be used to
predict liquefaction triggering and consequences;

- Discusses performance - based engineering methods for
probabilistic evaluation of liquefaction susceptibility,
triggering, and consequences;

- Provides committee recommendations for advancing the
state of practice and state of the art for assessment of
earthquake - induced soil liquefaction.

(2016,  https://www.nap.edu/catalog/23474/state-of-the-
art-and-practice-in-the-assessment-of-earthquake-induced-

soil-liguefaction-and-its-consequences)
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HAEKTPONIKA
NMEPIOAIKA

ISSMGE Bulletin

Volume 11, Issue 1
February 2017

KukAogpopnoe To Teuxog # 1 Tou Topou 11 Tou ISSMGE Bul-
letin (PeBpouapiou 2017) ue Ta akdAouBa nepiEXOUEVA:

- President’s message
- Major project

Hong Kong Visionary Plan in the Pursuit of Rock Cavern
Development

- Young members’ arena
- Conference reports

International Workshop “Geotechnical and structural prob-
lems associated with the protection of historical monu-
ments and unique constructions”

The 8th Asian Young Geotechnical Engineers Conference
- ISSMGE Foundation report
- Obituary
Professor Fukuoka, Past President of ISSMFE
- Event Diary
- Corporate Associates

- Foundation Donors

3 O

o

www.geoengineer.org

KukAo@opnoe 1o Teuxog #142 tou Newsletter Tou Geo-
engineer.org (®eBpouapiou 2017) pe NOAAEG XPOIHEG
nAnpo@opisc yia 6Aa Ta B£uaTa TNG YEWPNXAVIKAG. Ynevou-
MiCeTal oTI To Newsletter €kdideTal and Tov ouvadeA®O Kal
HENOG ™G EEEErM AnuATen ZEKKO
(secretariat@geoengineer.org).

EvOeIKTIKA avagépovTal:

e Sinking and tilting of San Francisco's Millennium Tower
has led things to courts

e Damage to California's Oroville Dam forces mass evacu-
ation under the threat of flooding
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e Ancient submarine landslide discovered at the Great
Barrier Reef in Australia (video)

e Bogoslof island has tripled in size after volcano's con-
tinuing eruptions

e New Champlain Bridge construction: A project milestone
for Canada (video)

e Public release of the NASEM Report on Liquefaction As-
sessment

e Landslide crumbles down San Bernardino County's
mountain in California (video)

e Sea cliff collapses due to lava flow from Hawaii volcano
(video)

e BRACE project aims to build resilience against earth-
quakes in Bhutan

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=80daf423-9af2-47f8-a77d-ac4842132e2e
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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 Mnxavikog, 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®0OY 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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