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How sustainable and resilient is
geotechnical engineering?

Geotechnical engineers need to focus more on the sus-
tainability and resilience of their solutions. Jeffrey Kea-
ton, editor of an ICE journal on the topic, says simply
providing good engineering is no longer enough.

Given the opportunity for casual discussion among ge-
otechnical practitioners and academics, perhaps at a
monthly professional society meeting, | would find an
opportunity to ask, ‘Can you tell me something about
the sustainability aspects of your part of the geotech-
nical design projecte’

A common response would be, ‘Hmmm...’, while the
head is in a slow, side-to-side negative shaking motion.
‘Nothing on my project has anything to do with sus-
tainability.” My reply might be, ‘Really¢ Are you able to
balance cut and fill volumes for your road alignment?’
The typical response would be, ‘Of course cut and fill
volumes are balanced. That's just good engineering.’

The reality is that opportunities for engineering sustain-
ability are everywhere in geotechnical engineering
and make themselves available every day. Improved
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awareness among geotechnical engineers of touchpoints in
the triple bottom line of economic, environmental and equi-
table sustainability in simple, low-budget projects - without
the fanfare of a state-of-the-art wastewater treatment fa-
cility or a formal environmental process - will do a lot for
advancing engineering sustainability.

Geotechnical engineering solutions need to be sustainable
and resilient, not just ‘good"

Defining sustainability and resilience

Sustainable options can be mundane as well as magnificent.
Sustainable solutions that were dismissed as nothing but
‘good engineering’ slowed down the progression of some
geotechnical engineers into a modern era of ‘better engi-
neering’. What we call ‘sustainable engineering’ today is
more than just good engineering, but it is less than what
good engineering will become in future decades.

Sustainability is recognised as a balanced approach which
maintains harmony among the three ‘E’s - environment,
economy and equity - so that the quality of life of current
and future generations is not compromised. Resilience, on
the other hand, is the ability to withstand and recover from
disruptions, particularly sudden shocks.

Sustainability can be implemented effectively at the compo-
nent, building and community levels. Resilience, however,
needs to be implemented at the community level. After all,
a high-rise building that survives a major earthquake and
remains functionally operational would have to be vacated if
the toilets cannot be used because the sanitary sewer sys-
tem in inoperable.

Helping to understand the concepts

The two concepts are related because resilient systems
support sustainable communities by remaining functional or
having redundancy. This is particularly important for ge-
otechnical engineering because facilities and geo-structures
like tunnels, dams and retaining structures that may not be
able to return to functionality after disruptions, such as
earthquakes or bomb blasts, would not support sustainable
communities even if they were constructed with a balance
among the three ‘E’s.

To help geotechnical engineers understand the concepts,
ICE has commissioned two themed issues of its Engineering
Sustainability journal on the topic of sustainability and resil-
ience in geotechnical engineering. The first issue (171 ES1)
addresses resilience and sustainability in the management
of landslides (Flentje and Chowdhury, 2018), slope stabili-

sation (Das et al., 2018), stability analyses for slope design
(Shepheard et al., 2018) and stabilising coastal slopes
(Mickovski and Thomson, 2018).

The papers all describe ‘good engineering’, while demon-
strating that geotechnical engineers contribute to sustaina-
bility and community resilience.

February 2018

WLl ICE Virtual Library
essential engineering knowledge
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Rock Engineering as a Creator of Value

T R Stacey
University of the Witwatersrand, South Africa
INVITED LECTURE

1. INTRODUCTION

Value creation in a mining operation is a long term require-
ment that demands careful strategic consideration. Unfortu-
nately, cost cutting is a common “fix” to improve financial
performance in the short term. Such short term measures
may have negative long term consequences. Direct and
indirect consequences can include clean-up costs, removal
of failed material, excavation rehabilitation, provision of re-
access, redployment of personnel and equipment, ore dilu-
tion, loss of ore reserves, damage to equipment and infra-
structure, reduced life of mine, and costs of loss of produc-
tion; and direct and indirect costs associated with injuries
and fatalities, including disruption of production due to mine
stoppages. All consequences need to be taken into account
in design, since they destroy value. Rock engineering is
important with regard to safety, but often suffers in cost
cutting measures, since it is perceived to be a cost, and an
inhibitor of, rather than a contributor to, production. Eval-
uation of such measures could be gained by adopting risk as
a rock engineering design criterion (Stacey et al, 2007), and
perhaps value created could be used as an even more spe-
cific design criterion. In this paper, results of rock engineer-
ing research by students under my supervision are present-
ed, which demonstrate substantial value that has resulted
from their research.

2. PRECONDITIONING IN GOLD MINE STOPES

In-mine trials in the 1950s indicated the potential of pre-
conditioning to reduce rockbursts in South African gold
mines, demonstrating a 73% reduction in severe rockbursts
(Toper et al, 2000). However, only after further research
did preconditioning become a routine operation in the late
1990s. In this research, Toper (2003) investigated face-
perpendicular preconditioning in narrow tabular gold mine
stopes, and the associated blasting requirements. The re-
search demonstrated considerable safety benefits, and, de-
spite concerns regarding direct and labour costs, it was
found that, with preconditioning, the drilling penetration
rate for blast holes was increased; the face advance per
blast increased by up to 50%; the condition and stability of
the hangingwall was improved; and fragmentation was fin-
er, resulting in more efficient material handling. The bene-
fits are shown in Tables 1 and 2.

“... it can be seen that less time is actually spent drilling in
preconditioned panels, despite drilling more metres.” And,
“This improved fragmentation ... results in about 30%
smaller particles and a more uniform particle size distribu-
tion, thus improving material handling efficiency.” (Toper et
al, 2000) The research proved that preconditioning im-
proves safety, productivity and profit, creating value of
many millions of dollars during the mine life.

3. OPEN PIT BLASTING, FRAGMENTATION, AND
SLOPE DESIGN

Blasting quality determines the damage experienced by the
rock mass, and consequently influences the steepness at
which open pit mine slopes can be designed. Blasting also
determines rock fragmentation, which influences the effi-
ciency of loading, hauling and milling. At the Potgietersrus

Open Pit Platinum Mine, Bye (2003) conducted 240 trial
blasts and measured resulting fragmentation. Optimum
blast designs to produce required fragmentations resulted
from this research. Bye (2005b) subsequently extended his
research to include the use of electronic delay detonators
(EDDs), an extra cost, but it was found that fragmentation
achieved exceeded requirements, and therefore blast pat-
terns were expanded, achieving a cost benefit. The success
of the blast design research is illustrated by the following
quote and the results shown in Figure 1.

Table 1: Comparative drilling rates in adjacent pre-at

Stope scenario Minimum Average Maximum Average
(blast hole length and diameter) time time time (m/min)
Unpreconditioned 434" 508" 551" 0.21
ga‘i"ggﬂsd 356" aag" 550" 023
[P]rezcr:ngwst;:;e]d F00" 57" 510" 0.28
e
Egﬁi”gg:ﬁ;ﬁd 156" 314" 431" 034

Table 2: Comparative face advance rates (after Toper

et al, 2000)

Stope scenario Minimum Average Maximum
(blast hole length and diameter) (m/blast) (m/blast) (m/blast)
Unpreconditioned 0.55 0.70 0.85
Preconditioned

(2.4m, 36mm) 0.80 1.06 1.60
Preconditioned

(3.2m, 36mm) 0.80 1.16 1.50
Preconditioned

(3.8m, 36mm) 0.90 1.14 135
Preconditioned 090 1.03 120

(3.2m, 40mm)
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Fig. 1 - Loading and milling performance improvement (af-
ter Bye, 2003)

“The results show that the model adds value to the Mine to
Mill process by dramatically improving loading efficiencies
and milling rates by up to 18%. Additional revenue of over
$2 million a month is realised in the plant alone.” (Little et
al, 2007).

Bye’s (2003) research also dealt with open pit slope design,
slope stability evaluation, slope optimization, slope monitor-
ing and slope management. Slope design requires geotech-
nical information on rock types and their properties, and on
geological structures and their properties, as well as infor-
mation on groundwater conditions, in situ stresses, and the
geometry of the orebody, which dictates the geometry of
the pit. Bye (2003, 2005a) developed a 3D geotechnical
block model of the mine to contain the relevant data col-
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lected. This model consisted of 15m? blocks that contained
interpolated geotechnical information: rock type, uniaxial
compressive strength, RQD, Laubscher’s Mining Rock Mass
Rating. The data were geostatistically interpolated between
borehole and face map (considered as horizontal boreholes)
information. The block model was used to predict blasting
costs, making use of Lilly’s (1986) blastability index and
modified Cunningham (1986) fragmentation equation. A
function was also developed in the block model to estimate
inter-ramp slope angles using the Haines and Terbrugge
(1991) approach. This quickly indicated where planned
slopes could be steepened and, conversely, when they were
too steep. Detailed stability analyses allowed steepening of
the overall pit slopes. “"The development of the slope design
model provided the opportunity to move away from one
design process for the entire pit and customization of slope
design and configurations were developed to cater for local
variations in the rock mass conditions. The availability of
the geotechnical information in 3D and the improved level
of confidence of that data resulted in a slope optimization of
the final pit. By undertaking numerical modelling based on
the enhanced geotechnical database the final walls were
optimized by three degrees, resulting in revenue increase
for the mine in excess of ZAR900 million [currently about
$60 million]. The slope optimization was linked to a risk-
reward design approach, which was made possible by the
confidence in the geotechnical information used for the de-
sign options.” (Bye, 2003).

4. GEOTECHNICAL DATA, DATABASING AND ITS USE
IN OPEN PIT SLOPE DESIGN AND MANAGEMENT

Little (2006a) made a significant contribution to Bye's
(2003) research. The scope of her research covered the full
range of data collection, validation, storage, use in slope
design, and slope optimization and management. Her con-
tribution is best recognized in the databasing work carried
out (Little, 2006b). Activities over a three year period dur-
ing the research included 220 km of exploration drilling,
mapping of 1000 km of rock face, and more than 7000 la-
boratory and field tests. This produced a substantial amount
of geotechnical data, and, to manage this, geotechnical da-
tabases were developed for borehole core logging and face
mapping, with rock testing data incorporated into both. The
existing groundwater and slope monitoring database was
improved. Very importantly, a pit inspections database was
developed. Inspections included daily pit inspections, de-
tailed pit inspections, hazard mapping and presplit inspec-
tions. The database enabled users to view what inspections
were done, where, by whom and on what date. Emails sent
to operations managers, when a new inspection was added,
allowed them to add comments, and subsequently com-
municate the observations to their subordinates who im-
plemented the risk mitigation recommendations. This en-
sured that the information was acted upon immediately and
appropriate personnel held accountable. By storing the in-
spections in a database, the data were secure, auditable,
standardised and readily available.

Slope monitoring is an important aspect of slope manage-
ment at the mine since slope failures developed very quick-
ly, typically giving warning of an hour (Bye et al, 2005).
Radar monitoring contributed importantly to safety and
slope management. Data from laser and prism monitoring,
and from piezometers and crack meters were also data-
based.

Geotechnical databases ensured that no data were lost, that
data could be validated, and that standards were main-
tained. The availability of quality, ordered information al-
lows for confident analysis and design. Regular updating of
data allows for designs to be optimised routinely, reducing
the risk of slope failure, and improving the economics and
safety of the open pits.

Little’s (2006a) research contribution was significant: “The

work done in the last four years has resulted in PPRust be-
coming the benchmark for open pit geotechnics in Anglo
American. The challenge is now to stay there.” (Little et al,
2007)

5. RESEARCH INTO THE PERFORMANCE OF THIN
SPRAY-ON LINERS

Thin spray-on liners (TSLs) are used for the support and
stabilization of exposed rock surfaces in mines and other
excavations. They are sprayed with thicknesses of only a
few milimetres, hence their strength performance is very
important. Research carried out by Yilmaz (2011) made a
significant contribution towards establishing standard meth-
ods for testing such liner materials. Mpunzi (2011) and
Masethe (2014) also made contributions regarding TSL per-
formance (Mpunzi et al, 2015). An interesting case study
demonstrating value from the use of TSLs was presented by
Carstens (2005). This case involved instability and rockfalls
in strike gullies in a deep level gold mine. These gullies pro-
vide access to the face of the stopes for mine workers, as
well as the route along which ore is removed from the stope
face area. Owing to restricted access, rockbolt support was
difficult and hazardous to install, shotcreting logistically
impossible, and the environment was subjected to signifi-
cant seismic activity, as shown in Figure 2.
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Fig. 2 - Seismicity over a 10 month period (after Carstens,
2005)

The challenges included safety, maintenance of access to
the stope face, and reduction of interruptions to production.
A TSL, logistically attractive due to portability and limited
volumes of material required, was effective in stabilising the
gullies, and also under rockburst conditions. A substantial
safety improvement was achieved (a major objective) and
production disruptions were minimized. There was an addi-
tional benefit that had not been anticipated in the choice of
TSL support: collapses occurred regularly on the stope face
after blasts, and it took about three weeks to rehabilitate
the collapse area. Spraying the hangingwall and face area
with TSL to seal and support exposed shale rock resulted in
rehabilitation within a week. The result was a substantial
reduction in loss of production, which, financially, proved to
be extremely beneficial. The estimated value resulting to
the mine was about 100 times the cost of the TSL used.

6. PROBABILISTIC EVALUATION OF SUPPORT RE-
QUIREMENTS IN NARROW REEF TABULAR STOPES

In deep level tabular reef mining, rockfalls have been a ma-
jor safety hazard, and research carried out in this area in-
cluded the work of Rwodzi (2011) and Nezomba (2012).
Rwodzi (2011) proposed a generic methodology to quantify
the cost of the losses associated with rockfalls, including the
costs of accidents. Nezomba (2012) focused on predicting
the probability of occurrence of rockfalls in the tabular min-
ing geometry, based on the statistical parameters of the
jointing in the rock mass. Nezomba (2012) showed that the
probability of failure of blocks greater than a certain size
can be predicted very satisfactorily, as shown in Figure 3.
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Clamping stresses assumed in the hangingwall can be used
as a means of “calibrating” the curves.
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Fig. 3 - Mapped rockfall volume distributions on the
Merensky reef, and predicted distributions (including and
excluding blast fractures, BF) (after Nezomba, 2012)

The probable locations of rockfalls can also be determined,
allowing the probability of occurrence of an accident to be
calculated, as well as the total costs of the consequences of
rockfalls and collapses (Rwodzi, 2011). Consequential costs
include direct and indirect costs associated with accidents,
rehabilitation, damage to equipment, loss of production,
loss of reserves, reassignment of the workforce, dilution of
ore, etc. Regarding the creation of value, an example of the
quantification of the relative performances of alternative
types of stope support was described by Rwodzi et al
(2011): statistical data for six joint sets in the rock mass
were used in the probabilistic prediction of rockfall volumes
and locations of falls for alternative support types. The re-
sults showed that, for a low cost support type, the predicted
rockfall failure volume per 1000 m? of stope hangingwall
exposed was 122 m?3. For a higher cost support type, the
corresponding volume was only 53 m3. The overall direct
and indirect costs associated with the lower cost support
type were approximately $1.2 million per panel, and about
$0.5 million for the higher cost support type. Therefore, the
use of the higher cost support system would create value
for the mine of some $0.7 million per panel, as well as
providing better safety.

Further research into this probabilistic approach resulted in
a risk evaluation model for tabular mining support design in
the Bushveld Complex (Joughin et al, 2012a; 2012b).

7. THE BENEFIT OF "ACCURATE"” DESIGN OF OPEN
STOPES

In mines using an open stoping mining method, dilution
often has a significant effect on profitability. At Target Mine
in South Africa (Le Roux, 2015), it was found that, in some
open stopes, dilution was in excess of 10%, falls of ground
being a major contributor to the problem. Dilution has re-
sulted in a reduction of the recovered gold grade from 5.5
to 4.5g/t, corresponding with a potential loss of about $1.5
million per month. In addition to the cost of dilution, the
cost of damage to, or loss of, trackless equipment due to
falls of ground in open stopes, is very significant, as shown
in Figures 4 and 5. A review of financial figures has shown
that, over the past 10 years at the mine, this cost could
have been as high as $35 million.

In addition, falls of ground lead to standing time for 15
mechanised equipment, with associated costs. Other asso-
ciated costs for transport, hoisting, secondary blasting, mill-
ing and plant treatment total about $20 million, and the
total opportunity loss over the past 10 years at the mine is
estimated to have been $55 million. These costs demon-
strate the importance of the design of stable open stopes to
reduce the falls of ground.

Research into the stope instability at Target Mine (Le Roux,

2015) indicated that conventional rock mass failure criteria
were unsuitable for stope design at the mine. An alternative
strain-based design criterion was developed, which proved
to be very successful, allowing the stability of open stopes
to be determined reliably. After its implementation in 2010,
major reductions in dilution (see Figure 6) and equipment
damage have resulted, creating value for the mine.

Fig. 4 - Mechanised equipment damage by rock falls in open
stopes (after Le Roux, 2015)
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Fig. 5 - Falls of ground causing damage to mechanised
equipment (after Le Roux,2015)
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Fig. 6 - Total dilution per year on Target Mine (after Le
Roux, 2015)

Based on Life of Mine projections prior to the introduction of
the new design criterion, the total potential loss of income
could have exceeded $210 million, clearly illustrating the
value contributed by this rock engineering research.

8. DISCUSSION AND CONCLUSIONS

Appropriate rock engineering research can make a signifi-
cant contribution to value in the mining industry: the exam-
ples of rock engineering research described have demon-
strated value creation totalling some $0.5 billion. Mine de-
sign and operating decisions are usually based on technical
criteria, which are necessary to enable the appropriate cal-
culations to be carried out to facilitate engineering decision
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making. Mining executives would commonly be unaware of
the detail involved in these decisions. The examples de-
scribed above suggest that an additional criterion should be
applied to any significant design and operational decision,
which would be a criterion specific to mining executives.
The following is suggested: “What is the value created in
the short, medium and long term by the design or proposed
operational change, and am I satisfied with this value?”
Such a “value” criterion would allow mining executives to be
fully involved in, and take responsibility for, important deci-
sion-making, and ensure that there is creation of value in
the appropriate time frame. A key aspect of such a value
creation criterion is that consequences of decisions are
quantified in financial terms. These include direct conse-
quences and, particularly importantly, indirect consequenc-
es. Executives should demand full details of all consequen-
tial costs from their technical, financial and management
staff so that they can make informed decisions for their
company.
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NEA ANO EAAHNIKEZ
KAI AIEONEI2
FEEQTEXNIKEZ ENQZEI2

EAAHNIKH
EMEITHMONIKH
& MEQTEXNIKHZ
MHXANIKHZ

A1GAeEn XpRoTou ToaTtoavigpou
MeTp6 Doha: Mega Project pe pekdp Guinness

Tnv Méuntn 15 ®eBpouapiou 2018 o ouvadEA@OG XpnoTog
Toatoavipog, EkdOTNG Twv NEQN THZ EEEEMM Kkal TEwG
Mpoedpo TnG EkTeAeoTIKAG ENITponng.

Ztnv d1GAeEN npoBARBnkav Ta yewTeXVikd, Kupiwg, Bepara,
nou mapouaciacdnkav Kata Tnv dIapKela TNG KATAOKEUNG Tou
€pyou, ol TpOnol Kal HEBodol avTIHETWNIONG TOUG, Kabwg Kal
0 TPOMog dIaxXeipIong TwV MEAETWV TOU £PYOU. STNV CUVEXEIA
napouaialovral kanoia anocnacuata and Tnv napouaciacn
TG SIAAEENC.

TTepiexopeva TTapouciaong

Eioaywyn

O1 Fpappéc Tou MeTpd Tng Doha

Xpuon Mpappn

Aiaxeipion MeAetiv

FewAoyia Qatar - Doha

TFewrexvikég Epeuveg

FewTexvikég MeAéTeg

EninTwotlg. KaraokeuaoTikwv Epyaciiv

FewTexvikn OpyavoBéTnon

0. Evdiapépovra yia To MeTpé Tng Doha
UpiTEpdoyaTa =

VR NN A W N

X TIATIANI2OZ
- TIEMTTTH 15 3EBPOYAPIOY 2018

= EAAHNIKH ETIS THI
Bl (AT TEQTEXNIKHE MHX

To MeTpd Tng Doha eival éva and Ta nAéov npoBeBAnuéva
€pya Tou Qatar. ®a €Eunnpetrion TO600 TNV NpwTelouoa Tng
XWpPag 000 Kal Ta npodacTid TnG, WE OAEG TIG ONUAVTIKEG TO-
noBeoieg va €xouv eUKoOAN kal avern npocBaocn o' auTo.

To MeTpd Tng Doha Ba kaTtackeuacHr) o€ dUO PACEIG: KATA
Tnv SIApKela TNG NPWTNG paong 6a katackeualovTal ol TPEIG
ano TIG TEGOEPEIG CUVOAIKA NPoBAENOUEVEG Ypappeg (KOKKI-
vn, Xpuor kai MNpdoivn) pe 37 oraBuolg. Avapéveral OTl n
A&IToupyia kal Twv TPIOV Yypaupwv Ba apyxion 1o 2019. H
deUTepn @aon Ba oAokAnpwln To 2026, kai Ba nepiAauBavn
TNV €NEKTAON TWV NON KATAOKEUAGOEIOWV YPANH®V, KaBWG
Kal TNV KATAoKeun Wiag véag — Tng raiadiag rpapung. =tnv
@aon auTr 6a kataokeuacBoUv 72 akOun oTabuoi.

H WEAETN Kal KATAOKEUN Tou €pyou YiveTal and kolvonpagieg
ME eTaIpeieg NpoegpXOUEVEG anod dIAPOPEG XWPES. SUYKEKPI-

Doha Metro

Phase 1

]
& . EMHNIKH ETTIZ THMONIKH ETAIPELA EAASOMHXANIKHE X. TEATEANI2OX
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMTTTH 15" 2EBPOYAPLOY 2018

MEVa ol KATAOKEUAOTIKEG Kolvonpagieg ouvioTavTral and erai-
peiec and Tnv AucTpia, MaAAia, EAAGda, Ionavia, ITaAia,
Katap, NoTia Kopéa, Zaoudikn ApaBia kai Toupkia. To €pyo
MeAETnoav eTalpeieg and Tnv Mepuavia, Aavia, EAAAda, Hvw-
Hévo BaaoiAelo, Ionavia kar AiBavo.

Z1abyoi Tou
MeTpé Tng Doha

EAMHNIKH ETITE THMONIKH ETATPETA EAAZOMHXANIKHE X. TEATIANIZOZ
Bl KATTEQTEXNIKHE MHXANIKHE TIEMTTTH 15 8EBPOYAPIOY 2018

‘OAol o1 oTabuoi Twv unoyegiwv TUNPATwy Tou METPO kaTao-
KeuaoTnkav Pe Tnv WéBodo Tng Ekokapng & Enavenixwong.
AauBavovTtag un' éyn o1 n Doha €ival yia oxeTIka véa noAn
(e€aipoupévou Tou 10TOPIKOU KEVTPOU TNG), dev unnpse, ye-
VIKA, NpoBAnua oTnv €€eUpeon TWV KATAAANAWY XWpwV Yia
TNV KATAOKEUN Twv oTabuwv. Ynnp&av, OJwg, Kal NepinT®-
O€IC OMouU £€yIVE anaAAoTpiwon oIkoneédwv, ME KTipla evTog
auTwv, Ta onoia KATedaioTNKAV MPOKEIPNEVNG TNG KATAOKE-
UNG TWV OTabuwV Kal AAAwV BonOnTIKWV KTIPiwV.

4. Aiaxeipion MeAeTwy

¢

X TZATZANISOX 1
- TIEMITTH 15" 2EBPOYAPIOY 2018

To O0Ao €pyo kataokeualeTal Pe TNV PEBOSO TNG MeAETNG Kal
Kataokeung. H kdBe kaTtaokeuaoTikn Koivonpa&ia enéAege
MeAeTNTA Kal AveEapTtnTo Mnxavikd (Tov ovopaloupe DVE -
Design Verification Engineer), o1 onoiol gykpibnkav ano Tov
neAatn (Qatar Rail). O DVE eAéyxel AeNTOPEPWG TIG HEAETEG
Kal OUVTAOOElI OXETIKO EVTUNO €AEYXOU WE MapaTnproeig Kal
€V TEAEI €yKpivel TNV PEAETN. 'OPWG, 0 EAEYXOG TNG HEAETNG
dev oTapatd otov DVE. 'Enetal o €Aeyxog ano Tov Project
Management Consultan (PMC), eknpdécowno Tou Kupiou Tou
‘Epyou (Qatar Rail) oe kaBe unogpyo, kai n diadikacia e-
AEyXoU KAgivel PJE Tov €AEyYXO TNG MEAETNG and To TeEXVIKO
TunAMa Tng Qatar Rail, ano To onoio diveTal kai n TeAIKN £y-
KpIon TNG HEAETNG.
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2T0 OpuyMa TNG NapakdTw ewToypa®iag BAEnoupe Tnv AiBo-

Aoyikr) aAAnAouxia KaTtd PAKOG TOU WEYAAUTEPOU TUNMATOG

Twv d1adpduwv Tou METRO, nou anoteAsital (and TAv eni-

@avela Tou €daPoug Npog Ta KATw) anod:

e Enmipaveiakég anobéoeig (TeTapToyeveic kal avBpwnoye-
VEig)

e AoBeoTOAIBOC Simsima (Tou avwTEPOU THAMATOC TOU
SxnuaTiogoy Dammam)

e AoBeoTOAIBoc Dukhan (Tou av®TEPOU TUAKATOG TOU IXN-
HaTiopou Dammam)

e SXI0TOAIBOG (shale) Midra (Tou KATWTEPOU TUAMATOG TOU
ZxnuaTtiogot Dammam)

e To avBpakikd MéNoc Tou SxnuaTiopou Rus

e To Belkd MEAoG Tou ZxnuaTiopoU Rus (yuwor)

FewAoyia Qatar - Doha

& EAAHNIKH ETIIE THMONIKH ETATPEIA EAABOMHXANIKHE X. TEATZANIZOZ
Bl KAT TEQTEXNIKHZ MHXANIKHE. TIEMTTTH 151 2EBPOYAPIOY 2018

To @aivopevo TnG KAPOTIKOMOINONG naparnpeitar eupuTarta
aTnv Xepoovnoo Tou Qatar kal ATav €va ano Ta kUpia BEua-
TA TWV YEWAOYIK®V KAl YEWTEXVIKOV OIEPEUVNOEWV YId TO
€pyo. MeydAng KAipakag kapoTika £ykoiAa (onnAaimoeig) dev
€upEdnoav KaTd PNAKog Twv diadpopwv Tou METPO. Mikpo-
TEPA KAPOTIKA £YKOIAG (HEXP! NEpinou 2m €Upog) supednoav
0€ EKOKAMEG Yia Tou oTaBuoug, OXI OMWG MOAAG. MIkpNG
KAipakag kapoTika €ykoida (supouc < 0.25m) ATav apkeTa
ouxvd. H Unap&n Twv KapoTIKOV eYKOIAWV €NEBAAE TNV €K-
TEAEON YEWQPUOIKMOV EPEUVMV KATA MAKOC TwV onpayywvy,
Kabw¢ Kal KATw ano TNV oTadun Beueivonc Twv oTadu®V.

To aAlo kUpio B€ua nou pag anacXoAnoe ATav Ta unoyeia
VEPA Kal n d1aBpwTikOTNTA Toug. =TnV neploxn Tng Doha
napartnpoUpe dUo UdPOPOpEIG:

e Tov “enipaveiakd” udpo@opéa, Nou avanTuoosTal eVTog
Tou aoBeoToAiBou Simsima, Kai

e Tov “pnx0” udpoPopéa, Nou avanTUOOETAl KUPIWG EVTOG
TWV avBpakikwv Bpaxopalwv Tou xnuartiopgol Rus.

Aedopévou OTI OTIC NEPIOTOTEPEG MNEPINTWOEIC O ZXIGTOAIBOG
Midra dpa oOTeyavwTikd yia TNV MNpoc Ta KATW Kivhon Tou
enipaveiakol udpoPopEd, N PEYAAUTEPN KUKAOQoOpia vePOU
ouvavTtaTal otnv dienipaveia Tou AcBeoToAiBou Simsima kai
Tou ZxIoToAiBou Midra. Map' 6Aa auTd, unnp&av NepINTWOEIG
onou, AOYW NAAdIOTEPWV KAPOTIK®V (PAIVOPEVWY, dev na-
PEUPBAAETO 0 ZX10TOAIBOG Midra peTa&U Twv dUO UDPOPOPEWV
Kdl €iXapde OUVEVWOT TOUG, N oroia, s KAMNoIEC NEPINTWOEIC,
dnuioUpynoe npoBAnRpara (NAnuuUpios n onpayyal).

6. l'swrexvikéc ‘Epeuveg

=~
~— > e |
i L
L, = L
A . S J
EAAHNIKH ETIIZ T W HE X. TEATEANIZOL 28
H KATTEQTEXNTKH: MHXANERHE. R : TIEMTTTH 151 2EBPOYAPTOY 2018
-
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Apxika uneBAnGn n 'EkOeon MemTeXVIKAG EKTipnong: Me-
pigixe dUo Mépn. =To MpwTo Mépog £yive a&ioAdoynon OANG
TNG unapyouodac NANPoPOPNONG, NPOKEINEVOU VA KATAOTPW-
6 To NPOYPANMA TWV CUUMNANPWHATIKWV EPEUVMV. STO AeU-
TEPO MEPOC NAPOUCIAOTAKE TO NPOYPANKA TWV CUKNANPWHA-
TIKQOV EPEUVAYV, TO OMOI0 KATAOTPWONKE BACEl TwV CUMBATI-
KOV anaiTioswy kKal Twv npodiaypapwv (n.x. 1 yewrpnon a-
va 100 m onpayyag n 6 YEWTPAOEIC YIa KAOE oTadbuo K.AM.).

MeTa Tnv €ykpion TnG 'EkBeong MewTtexvikng EKTiuNong ekTe-
AéoBnkav ol ZupnAnpwpaTikég FewTeXVikEG "EpEUVEG Kal
Ta anoTeAéopaTtda Toug uneBAndnoav pe Tnv 'EkOeson Ma-
pouciaong ANoTeAsoHATWV FEWTEXVIKOV EpEUV@V.

Mapopoiwg, ekTEAEOBNKAV YEWPUOIKEG EPEUVEG KAl TA AMO-
TeAEopaTa Toug uneBAndnoav pe Tnv 'EKOECN MEWPUOIK®OV
Epeuvov. O1 YEWQUOIKEG £peUveG BIeENXBnoav kaTd Pnkog
TWV ONPAayywv Kal Katw and Tnv oradun OgpeAinong Twv
kaTaokeuwv Ekokaeng & Enavenixwong.

FewTexvikh Topn Zxediaopol (Znpayya)

-]
EAHNIKH ETILE THMONIKH ETATPEIA EAABOMHXANIKHE X. TEATEANI2OX 31
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMTTTH 15 2EBPOYAPLOY 2018

Ta anoteAéopaTa dAwv Twv gpeuvav agloloynbnkav pe Tnv
‘EkOeon ASioAoynong AnoteAeocpatwv Epguvov, n onoia
NEPIEIXE TIG TEAIKEG YEWTEXVIKEC TOUEG oxedlaouoU, dnAadn
TV oTpwuartoypa®ia, TIG TIMEG axediaopol Twv diapopwv
NAapaueTpWV yia Kabe oTpwua (PUOIKEG KAl PNXAVIKEG 1810TN-
TEC), TV OTABUN TWV UNOYEIWV VEPW®V, TNV OTABUN Bepelin-
ong TWV €pywV Kal KAbe AAAn nAnpogopia OXETIKN MHE Ta
£pya (onpayysg kal oraduoi).

7. Tewtexvikéc MeAéTeg

) \
EMHNIKH EMZE TH z m X. TEATEANIZOE 32
u KAT TEQTEXNIKHE M| TIEMTTTH 15" 8EBPOYAPIOY 2018

O1 FewTeXVIKEG MEAETEG apwpolaav oTnV HEAETN avTIOTNPI-
ENC TWV MNpavev TwV €KOKAPWV Yid TNV KATAOKEUR TwV
OTaBUWV Kal TwV PPEATWV, OAWV PE TNV HEBOdO TnG Ekoka-
PNAC & Enavenixwong, oTnv YEAETN TWV ONPAYYWV KUKAOPO-
piag Twv cuppwyv, nou diavoixbnkav pe TBMs kal npokaTa-
OKEUAOMEVOUG OAKTUAIOUG, OTNV HEAETN TwV ZUVOETNPIWV
Snpayywv METAEU Twv Kupiwv onpdyywv, kKabwg kair otnv
HEAETN TwV Ynoyeiwv AlaBacswv (onpdyywv). ‘'ONEG o1 HEAE-
TeG auTeg BacioTnkav OTIG MEwTeEXVIKEC TopEG Zxediaouou
Mou aveépepa NponyoUHEVWG.

O1 peAéTeg KABWG Kal N €pappoyn Toug énpene va Adpouv
un' Own TOUG TNV VYEITovia YE AAAEC KATAOKEUEG TOU €pyou
(onpayyeg, oTtaduolg K.AM.) | KAl KATAOKEUEG TPITWV, KAl
TNV €AaXIOTOMNOINCN TWV ENINTOOEWY €M' AUTMV.
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OpUypara yia
Z1aOuolc Kai
Ppéara

-]
~. 1 EAAHNIKH ETTLE THMONIKH ETATPETA EAABOMHXANIKHE X. TEATZANIZOZ

KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 2EBPOYAPTOY 2018

Opuvua‘ra yia Z‘raeuoug kai Epéara

]
& . EAHNIKH ETIIZ THMONIKH ETATPELA EAASOMHXANIKHE X. TEATEANIZOX
Bl KAT TEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

Opuvua‘ra vla ZT1aBbpouc kai Tpéara

]
& . EAHNIKH ETTIZ THMONIKH ETAIPELA EAASOMHXANIKHE X. TEATEZANIZOX 38
Bl KAT TEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

To peyaAUTEPO HEPOGC TWV YPAUHWV Tou MeTpo Tng Doha
eival undyelo, kalr wg ek ToUTOU n peBodoAoyia KATAOKEUNG
onpayywv €xel onuavTtikdo pOAo oTnVv KaTtaokeur Tou. Ta
undyeia TUAKATa, nou €xouv ndn karackeuacoOr, diaTpnen-
Kav JE PInxavnuaTta oAopETWNNG Konng (TBMs). AuTo onpai-
Vel 0TI unnp&e n eAaxioTn duvaTr avaoTaTwon oTnV AEIToup-
yiag Tng ndANG oTnv enipaveia Tou d3apouc.

Znpayyeg KukAogopiag Zuppwv
Mnxavipata OAopéTwnng Komic-TBMs

g EAHNIKH ETTIZ THMONIKH ETATPETA EAASOMHXANIKHE X. TEATZANIZOS
KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 3EBPOYAPIOY 2018

NAOYW TNG yewAoyikng doung Tou Qatar, n Qatar Rail enéAete
va xpnoigonoinon pnxavnugarta "avrioTrabpiong Tng nieong

Twv yaiov" (Earth Pressure Balance - EPB). Ta pnxavnuara
auTa sivai 1Idavika yia ouvenkeg pailakoU Bpdxou Kal Pnopo-
UV va avTIETWNIOOUV EUXEPWG Ta npoBAnRpara nou dnuio-
upyouv ol uynAoi udpo@opol opilovTeg 0To UNEDAPOC TNG
Doha.

ZRpayyeg
Earth Pressure Balance EPB-TBM

a

EAMHNIKH ETIIE THMONIKH ETATPETA EAASOMHXANIKHE X. TEATZANISOZ
M KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 EBPOYAPIOY 2018

Tunnel Boring Machines

TTpoeToipacia TBMs
yia Thv didtpnon

sl

-]
z EAAHNIKH ETILE THMONIKH ETATPEIA EAABOMHXANIKHE X. TEATEANI2OX
KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 15 2EBPOYAPLOY 2018

JuvoAika Siatprdnkav 111 km onpdyywv kai Xpnoigonoin-
enkav 470,497 segments. MNopTtdcape 72 EeTpunnuaral

72 «=cTpunhpara» TBMs!

]
& . EMHNIKH ETTI THMONIKH ETAIPELA EAASOMHXANIKHE X. TEATEANI2OX
Bl (AT FEQTEXNIKHE MHXANIKHE TIEMTTTH 15" 2EBPOYAPLOY 2018

Ta npwTa TBMs dapxioav diatpnon Tov IoUAio 2014 kai Tnv
Kuplakr 25 ZenteuBpiou 2016 olokAnpwBnke n diatpnon
Tou 1llou XIAIOMETPOU TWV ONPAYYWV KUKAOQOPIag Twv
OUPH®V, PE TO EgTpUnnua Tou TBM "Msheireb" oTtov Tepua-
TIKO ZTaBud 1 Tou AlgBvolg Aepodpopiou Hamad.

Ta 21 TeleuTaiag Texvohoyiag TBMs nou xpnoiydonoinge n
Qatar Rail, og kanola xpovikr nepiodo TauToXPOVWG, avay-
vwpiodnkav and Tnv Guinness World Records wg "The Larg-
est Number of Tunnel Boring Machines Operating Simulta-
neously on a Single Project".

O1 OUVOETNPIEG ONPAYYEG KATAoKeuaoTnkav We Tnv NATM,
evw, AOYyw TNG YEWHETPIAG oTIC BECEIC KATAOKEUNG TOUG, N
MEAETN Toug €yive Bacel TpIodIAOTATWV AVAAUCEWV NENEPAT-
MEVWV OTOIXEIWV.

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018
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ZuvdeTnpiec ZNRpayyeg

MeAeTiBNKav Kai kataokeudotnkav pe Tnv NATM

Fa Tnv peAéTn Toug éyivav
avaAvoeig 3D FEM

=
& . EMHNIKH ETTIZ THMONIKH ETAIPELA EAASOMHXANIKHE X. TEATEZANIZOX

Bl KAT TEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

Ma TNV KaTaokeun Twv unoyeiwv diaBdoswyv Xpnaluonoinén-
kav d1apopeg HEB0doI, onwg n anArfpf NATM, NATM pe oupBa-
TIKEG dokoug nponopeiag, NATM pe peydAng diapetpou do-
KoUG nponopeiag g€ 0Ao To PNAKog Tng diapacng kai n pédo-
d0¢ Tou Jacked Box Tunnelling, nou epapuooTNKE yia NpwTn
@opa oTnV NePIOXN YIa OAPAYYEG HEYAANG 31aTOUNG.

Ynoyeiec Aiapaocic
NATM pe oupparikég
SokoU¢ mpomopeiag

& . EMHNIKH ETIIZ THMONIKH ETATPELA EAASOMHXANIKHE X. TEATZANIZOS 56
Bl KAT TEQTEXNIKHZ MHXANTKHE TIEMTTTH 151 3EBPOYAPIOY 2018

Ynoyeiec Aiapaocic
Tunnel Jacking (Jacked Box Tunnelling)

-4 3

o]
& | EAMHNIKH ETIIE THMONIKH ETATPETA EAAROMHXANIKHE X, TEATEANIZOE
Bl (AT TEQTEXNIKHE MHXANIKHE, TIEMITTH 15 8EBPOYAPTOY 2018

To Tunnel jacking 1} jacked-box tunneling xpnoiponoiei-
Tdl yia TNV Kataokeun d1aBdoswyv KATw anod AsIToupyoUOoEeg
010NPOdPOUIKEG YPAMKHEG Kal ODIKEG apTNPIES, ONPWYXVOVTAG
€va KIBWTIO OKUPOJEUATOG WECa OTO €3aPOG XPNOILOMNoIW-
vTag €101KA pnxavnuaTa kar udpauAikoUs YpUAAOUG.

To kIBwTIO, Nou Ba NpowdnBI evTdG Tou €3APOUG KATAOKEU-
aletal, ouvABwWC and wnAIoPévo okupodeua, o Xwpo dinAa
anodé Tnv 6£on npowOnonG. =Tn CUVEXEIA METAKIVEITAI OTNV
B8¢on npowbnaong kar wbeital oTto £€da®og pe diATa&n unoo-
TNPIENG TWV UNEPKEINEVWV MANCIOV TOU HETWMNOU E€KOKAPNG
Kdl EKOKA®n KAaTw and Katw ano TNV CUYKEKPIYEVN aonida.

To kUpIo NAgoVEKTNHA TNG HEBODOU auTAG ival OTI o€ neplo-
XEG ME MOAU pIKpO NdXOG UNEPKEINEVWY, ONou Oev Pnopei va
€@appoodn oupBarikn pEBodoG diavolEng onpdyywy, dev
€UNodilel TIG ASITOUPYIEG OTNV EMNIPAVEIQ TOU €3APOUG.

3TO OUYKEKPIPEVO €PYO KATAOKEUAOTNKAV TPEIC Onpayyes /
unoyeieg diaBacelg Pe TNV PEBodo Tou Box Pushing. H peya-
An onpayya eixe prkog 80m nepinou kai NAAToG KiBwTiou
15m kal ol dU0 HIKPEG gixav KUAKOG 45m nepinou n kabe pia

Kal NAaToG KiBwTiou 10m.

Ywoéyeiec Aiapdaoeic
Tunnel Jacking (Jacked Box Tunnelling)

EAMHNIKH ETIIE THMONIKH ETATPETA EAASOMHXANIKHE X. TEATZANISOZ
KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 2EBPOYAPIOY 2018

[ (]

EpyoTa€iakn d1dTa&n KaTaokeUng TV KIBWTIWV TNG HEYAANG
onpayyag npiv anod Tnv €vap&n Tng ®wOnong.

Ynéyeiec Aiapaoeig
Tunnel Jacking (Jacked Box Tunnelling)

7
4

<

EAMHNIKH ETIIE THMONIKH ETATPETA EAAZOMHXANIKHE X. TEATZANIZOZ 63
Bl KATTEQTEXNIKHE MHXANIKHE TIEMTTTH 15 8EBPOYAPIOY 2018

SXNUATIKA aneikovion TNG HEYAANG ofpayyag Katw ano Tov

auTokIvnTodpopo. To eAaxioTo unepkeipevo (oTnv £€£000)
nTav 3.80m.

Ynéyeieg Aiapaoeic - Jacked Box Tunnelling

]
& . EMHNIKH ETTIZ THMONIKH ETAIPELA EAASOMHXANIKHE X. TEATEANI2OX 64
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMTTTH 15" 2EBPOYAPLOY 2018

AIATOHEG TNG MEYAANG KAl TWV HIKPWV onpayywv, Kabwg Kai
SiapopPpwaon Tou XaAUBdIVOU TUAHMATOG Nou npocappoleTal
€UnpoaBev Tou NPWTOU KIBWTIOU, Kal €ival auto nou dieIgdU-
€1 OTO €DAPOG.

Ynéyeie¢ Aiapaoeic Jacked Box Tunnelling

]
& | EAMHNIKH ETIIE THMONIKH ETATPELA EAABOMHXANIKHE X TEATEANIZOZ
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMTTTH 15 @EBPOYAPLOY 2018

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018
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8. EminTwoeic KataokeuaoTikwy
Epyaociwv

= &t

EAAHNIKH ETITZ THMONIKH ETATPETA E: KHE X. TEATEANIZOL 61
Bl KATTEQTEXNIKHE MHXANTKHE 3 TIEMTTTH 151 2EBPOYAPTOY 2018

o

MeTd Tnv €kndvnon TWV HEAETWV yia TIG ORPAYYEG KAl TIG
KaTaokeueg pe E&E o1 Kolvonpa&ieg énpene va eKTIHRGOUV
TNV €NiNTWON TNG KATAOKEUNG TWV €pywv Tou METPO oTIg
OHOPEC KATAOKEUEG.

AuTO ATav To avTikeipevo Tn¢ ‘EkBeong Enintwoswv Ka-
TAOKEUAOTIK®OV Epyaci®v. H ekBeon autri ouvodeUeTo Kal
ano pia AenTopepn anoTunwon TNG KatdoTaong OAwWvV TwV
KATAOKEUWV €VTOG TNG {WVNG ENIPPONG TWV EPYWV.

$aon MeAeTwyv

« Mewtexvikn MeAéTn:
Karaokevég pe Ekokaph & Eraverixwon
* Baoiki MeAétn Znpayywv KukAogopiag Zuppwv
« Mewtexvikn MeAéTn:
TuvdeThpiec Zhpayyec & Ywoyeiec Aiapaoeic

‘EkBeon Emimrwoewv KaraokevaoTikiv Epyaciiv
Z1adio0 1: TTpokatapkrikA Ektipnon Emntwoswv
Zt1adio 2: Ekripnon Emnrtwoswv Asutépou ZTadiou
Zradio 3: Aentopephc Ektipnon Emimrioswy

-]
& . EAAHNIKH ETIIZ THMONIKH ETAIPEIA EAABOMHXANIKHE X. TEATEANIZOX 62
KAT TEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

TEAoG, BACEl TWV AMNOTEAECUATWV TWV MEAETWV KAl TNG EKTI-
HNONG TWV ENINTOOEWY TWV KATAOKEUAOTIKWV E£PYACI®V Ka-
TaoTpwONKe TO KaTtdaAAnAo Mpoypappa OpyavoBETnong kai
MapakoAouBnong Twv Opyavwv Kal €€ auTwv TNG SUMNEPI-
®0opag Twv Kataokeumv.

9. Tewtexvikn OpyavoBéTnon

~_ EAAHNIKH ETTIE THMONIKH ETAIPETA E. KHE. X. TEATEANISOS 3
Bl caTrEQTEXNIKHE MHXANIKHE TIEMTTTH 151 2EBPOYAPIOY 2018
.

SKOMOG TNG opyavoBeTnong kal Tng napakoAoudnong Twv
opydvwv sival va perpnBolv ol PETAKIVAOEIG TOU £dA(POUG
Kal n €nidpacr Toug OTIG UNAPXOUTEG KATAOKEUEG HE TPOMO
nou va emITpEnn TNV Aueon oUYKPIoT TOUG HWE TIG AVAUEVOuE-
VEG OUMMEPIPOPEG.

To OAo ouoTnua nepieAdpBave dueon nAnpo@opnon (real
time) yia Tnv Aermroupyia Twv TBMs kai nAnpo@opieg yia Tig
KATAOKEUEG eVTOC TwV {WVWV EMIPPONG TWV KATAOKEUAOTI-
KOV £pYAciV.

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018

Baon MeAeTwv

* FewTtexvikn MeAéTn:
Karaokevég pe Ekokagpn & Emavemixwon
+ Baoiki MeAétn Znpayywv KukAowopiag Zuppiv
» MewTtexvikn MeAéTn:
ZuvdeThpieg Zhpayyes & Yroyeieg Aiapaoeig

‘ExkBeon Emimtwoewv KaraokevaoTikwv Epyaciiv

‘ExkBeon OpyavoBétnong kai TTapakoAoUBnong Opyavwy

]
EAHNIKH ETIIE THMONIKH ETATPEIA EAABOMHXANIKHE X. TEATEANI2OX
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMITTH 15 @EBPOYAPIOY 2018

Kanoia evdiapepovTa oTOIXEIA OXETIKA Pe To METPO Tng
Doha yia va yivn avTIAnaTo To PEyeBog Tou.

Z1aOuéc Msheireb

Karoyn: 75,000 m2
Miikog karéa prkog Tng Kékkivng kai TTpaaivng Mpappric: 350 m
Miikog kara prkog Tng Xpuohc Mpappric: 250 m

EAMHNIKH ETIIE THMONIKH ETATPETA EAASOMHXANIKHE X. TEATZANISOZ
Bl (AT TEQTEXNIKHE MHXANTKHE TIEMTTTH 151 8EBPOYAPIOY 2018

STV wToypa®ia auth BAENouPe Tov oTadBuo Msheireb oTig
apxIKEG (MACEIG KATAOKEUNG Tou Tnv 24n Maptiou 2016. O
oTaduog £xel éktaon 75,000 m?, UAKoG Kata pRKog TnG Kok-
Kivng kar Mpdoivng Mpapung 350 m kai PAKOG KATAd HNKOG
TNG Xpuong Mpappng 250 m.

Ynnp&av nepINTWOEIC OMOU aVvTIPETWNIoBNKav onuavTika
KATAoKEUAaOTIKA npoBAfpara. 'ETol népa anod Tnv diapacn e
To Box Pushing Tunnelling kdtw and Tnv Aew@opo,

Znpayyeg aspiopov
Tavw anézgﬂpavveg CUPHWY

]
EAHNIKH ETIIE THMONIKH ETATPEIA EAABOMHXANIKHE X. TEATEANI2OX
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMITTH 15 @EBPOYAPIOY 2018

£NPENE va KaTaokeuaoBoUV 4 onpayyss ag' evog e o€ HIKPO
Babog kaTw and Tnv enigpdveia Tou £dagoug (5.2m), ag'
€TéPOU O 7m nepinou navw and TIC AdN KATAOKEUAOUEVEG
onpayyeg TnG Mpaoivng Mpappng.

KaBe ypapun €npene va kATaokeudon &va nponAacua orad-
HoU 0t QUOIKO PEYEBOCG, NPOKEINEVOU va dIEUKOAUVON N eni-
AoyN TwV UNIKQV TWV ApXITEKTOVIKOV TEAEIWPATWY (NAAKA-
Kia, XpWwHATa K.AM.), HEXPI Kal TNV diaudpPwon Twv T{apiov
(X®PpWV MPOCEUXNG) EVTOC TWV OTABU®V KAl TWV anoxwpn-
TNpiwv.

ZeAida 12



TTponAdopara ZtaOuwv
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& . EAHNIKH ETTIZ THMONIKH ETAIPELA EAAOMHXANIKHE X. TEATZANIZOZ
Bl (AT TEQTEXNIKHE MHXANIKHE TIEMTTTH 157 8EBPOYAPTOY 2018

Mapopoiwg, €npene va napouciacdn ortnv Aloiknon Tng Qa-
tar Rail aAAa@ kai oTov Epipn kal ot KUBepvNTIKG OTEAEXN
Bayovi Twv cupu®V nou Ba xpnaoiponoindouv.

E EAHNIKH ETTIZ THMONIKH ETATPETA EAASOMHXANIKHE X. TEATEANIZOX
KAT TEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

TpéAaoya oe KAigaka 1:1 ouppol Tou MeTpéd Tng Doha

E EAHNIKH ETTIZ THMONIKH ETATPETA EAASOMHXANIKHE X. TEATEZANIZOX 80
KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 8EBPOYAPIOY 2018

Kal €va TeheuTaio, aAAd apkeTd onpavTikO onueio, OXETIKA
pe To METPO T1ng Doha.

Transit Oriented Development

Transit Oriented Development is the exciting fast growing
trend in creating vibrant, livable, sustainable communities.
Also known as TOD, it's the creation of compact, walkable,
pedestrian-oriented, mixed-use communities centered around
high quality train systems. This makes it possible to live a
lower-stress life without complete dependence on a car for
mobility and survival.

Transit oriented development is also a major solution to the
serious and growing problems of climate change and global
energy security by creating dense, walkable communities that
greatly reduce the need for driving and energy consumption.
This type of living arrangement can reduce driving by up to
85%.

EAHNIKH ETTIZ THMONIKH ETATPETA EAASOMHXANIKHE X. TEATZANISOZ
KAT FEQTEXNIKHE MHXANIKHE TIEMTTTH 151 9EBPOYAPIOY 2018

H Qatar Rail ul0B€Tnoe TNV TAON AUTN KAl TPEXOVTWG OXEDIA-
{eTal n avanTuén PIKP®V £WG HEYAAWV YEITOVIOV NAVW Kal
YUpw ano6 12 otabuoug, pe aToxo OxI JOVo va €EunnpeTnon
TO KOIVO, aAAG Kal va avakThion PEPOG TNG enévduang nou

€KAVE yIa TN ayopd yng yia TNV KATAOKEUN TWV OTABU®V.
'HON €xel NponwAnCel KTipia o€ 31apOpouUG POPEIG, N.X. OTNV
Qatar Airways yia Tnv giAo&evia Tou npoownikoU Tng, €€ac-
@aAifovTag 24/7 KUKAOPOPIa CUPHWV HEXPI TO AgpOdPOUIO.

Mapa noAAa kai evdia@Epovta Ta NPoBARKATa yia TNV Ka-
TAOKEUN TWV KTIPIWV AUTWV NAvw anod TIG UNApxXOUOEG On-
payyeg kal Toug araduolc Tou METPO, Onwg ¢aiveral atnv
diagpaveia,

Transit Oriented Development

ZT1abuog
Umm Ghuwailina

OepeAiwon
KTIpiwv mavw and
TIC ofpayyeg Tou
METPO

-]
z EAAHNIKH ETTIZ THMONIKH ETAIPEIA EAASOMHXANIKHE X. TEATZANI2OZ
KAI FTEQTEXNIKHZ MHXANIKHZ TIEMTTTH 15" 2EBPOYAPIOY 2018

FewTexvikd npoBAfpaTa, oOnwg n.X. avaykn KAaTAOKEURG
NacocdAwv noAU KOVTA OTIG GAPAYYEG Nou dev MPENEl va He-
Tagépouv NAeupika gopria (sleeved piles)

sit Oriented Development

oy Z1aBpéc Umm Ghuwailina
OcyeAiwon KTipiwv mdvw and Tov oTadud kai TIC ohpayyeg Tou METPO

b
£

aAAG KUPIWG OTATIKA, PE TNV avdaykn KATAOKEUNG ouoTnua-
TWV PETAPOoPAag Twv QopTiwv (transfer systems) ekaTépwbev
TWV OTABPWV.

TEAOG, NpENEl va ava@EéPw TNV EKTETAMEVN XPrON TOU CUO-
TAuaTtog BIM (Building Information Modeling). To Build-
ing information modeling €ival pia diadikacia nou nepIAap-
Bavel Tnv dnuioupyia kai diaxeipion Yn@IakwV aneikovioewyv
(PUOIKOV Kal AEITOUPYIKOV XAPAKTNPIOTIKWV KATAOKEUWV Kal
0x! povo. Ta Building information models (BIMs) eival
apxeia Ta onoia pnopouv va sEaxbouv, va avraAlaxdolv n
va diaTebouv og kanoio diKTUO, MPOKEIPNEVOU va unoBonon-
gouv OTNV ANWn ano®dcewv OXETIKA PE Wia kaTaokeun. To

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018
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Aoyiouiko BIM xpnoigonolgital nA€ov Naykoouing yia oxXedi-
aopo, PEAETN, KATAOKEUR, A&IToupyia Kalr ouvTripnon Mnoiki-
AWV £pYWV UMOJOHM®V.

Zuprepdopara

111 km onpayywv diavoixBnkav oc 26 pRveg
(4,200 m / nuépa)

21 Earth Pressure Balance TBMs

72 TBMs «EeTpurhpara»

Pekép Guinness yia Tnv Tautéxpovn
Aeitoupyia 20 TBMs oTo idio épyo

-]
& . EAHNIKH ETTIZ THMONIKH ETAIPELA EAAOMHXANIKHE X. TEATZANIZOZ
Bl (AT FEQTEXNIKHE MHXANIKHE TIEMTITH 157 8EBPOYAPTOY 2018

.

12. Tapoudiaon Video Tng Qatar Rail
\

5 205
TTTH 15" 8EBPOYAPIOY 2018

https://www.youtube.com/watch?v=goxvLOYuiCo
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ENR names George Leventis “"Top 25 Newsmaker”

ENR recently named Langan International Managing Direc-
tor George E. Leventis as a “Top 25 Newsmaker” for his
work on Greece’s €10-billion, 1000-KM roadway program.
This year ENR recognized individuals who have served the
best interests of the construction industry and the public.
“Newsmakers” are innovative, overcome challenges, and
their accomplishments offer benefits that will have an im-
pact beyond their own companies.

Leventis has a long history of overcoming the challenges
that accompany complex projects in Greece, including his
involvement in the Athens Olympics of 2004 and the Rion-
Antirion Bridge. These experiences prepared him to navi-
gate the intense political environment and ongoing financial
crisis that surrounded the Olympia Odos motorway project,
for which he served as the lender’s technical advisor since
2006 and was completed in 2017. This landmark project
provides critical links to key destinations in Greece and is a
vital part of the Trans-European Network.

“What should have been about $30 million per month in
construction work slowed down to about $3 million during
the crisis. But, working together with all the stakeholders,
we kept it going,” says Leventis.

Ava@Qopd oTo neplodiko enr.com TNG 22a¢ Iavouapiou 2018

Lending skills and experience to complete Greek
roadways

George Leventis is no stranger to Olympian feats—literally.
Recruited in 1998 to oversee master-planning for fast-track
construction of facilities in Athens for the 2004 Olympic
Games, he honed his ability to “deal with different people
with different agendas and needs. At the end of the day, I
had to pull things together,” he says.

That experience left him well prepared to navigate Greece’s
notoriously intense politics and ongoing financial crisis and
help stakeholders to complete more than 1,000 kilometers
of roadway throughout the country—an estimated $10-
billion program.

Leventis, managing director of U.S. design firm Langan In-
ternational, has long advocated for and gained experience
with construction public-private partnerships in Greece,
particularly on the Rion-Antirion Bridge, completed in 2001.
As director-general of the Olympics organizing committee,

he brought up the idea of privatizing Olympic venues but
encountered regulatory obstacles, he recalls. Leventis calls
the experience “gut-wrenching, but it allowed me to be-
come more confident in dealing with issues openly in a pub-
lic forum.”

That diplomatic ability proved crucial when Langan was
hired as technical adviser to Olympia Odos, one of five con-
cessionaires striving to build or improve Greek roads to
boost tourism and show P3 viability. Economic crises, both
local and global, caused uneasy lenders to consider shutting
off money to the consortia building the network, which
would have jeopardized thousands of jobs as well as billions
of dollars in investment. “George’s role was very instrumen-
tal in keeping the construction going in such a harsh eco-
nomic environment,” says Panayiotis Papanikolas, CEO of
Olympia Odos. The project was suspended for three years
and required negotiations among the concessionaire, the
Greek state, lenders and the construction joint venture. He
says Leventis went beyond “his contractual responsibilities
as technical adviser and participated in many discussions
and negotiations with the state and the contractor. He man-
aged to gain the respect and trust of all parties.”

Two years of negotiations modified the projects’ scope of
work and deadlines. Changes included reduced bank loans
and claims, a government agreement to cede expected toll
revenue and cover inflation for extended deadlines, and
increased European Union contributions. It was still rough
going, with austerity measures, national riots, changing
governments and anti-toll sentiment. But the consortia “col-
laborated to keep enough money trickling in” to continue
construction and complete work in 2017, recalls Leventis,
adding, “What should have been about $30 million per
month in work was about $3 million. But we kept it going.”

Aileen Cho

O3 D

XpuooOepig MNapackeuonoUAou
Assistant Editor Tou nepiodikou Geomechanics and
Geoengineering International Journal

H ouvadeApog kar pélog Tng EEEEMM XpuodBepig Mapa-
okeuonoUAou, Lecturer in Rock Engineering/Mechanics and
Tunnelling, School of Earth and Environment, University of
Leeds eneAéyn Tov IoUAIo 2017 wg Assistant Editor Tou nepi-
odikoU Geomechanics and Geoengineering International
Journal at Taylor & Francis Group

o3 O
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Imavvng Mapkou
Member of the Editorial Board "International Journal
of Geosynthetics and Ground Engineering”

O ouvadeA@og kal péNog Tng EEEEMM Iwdavvng Mapkou A-
vanAnpwtng Kaényntig oto TuAua MoAITIK®V Mnxavikaov
TNG MoAUTEXVIKAG ZXOAAG Tou AnuokpiTeiou MavenioTnuiou
Opakng anoteAei peAog Tng Emitponng Xuvta&ng (Editorial
Board) Tou nepiodikoU MewTeXVIKAG MNXavikng. To nepiodiko
ovopalerar "International Journal of Geosynthetics and
Ground Engineering" (Springer
(http://link.springer.com/journal/40891).

To nepiodikod eneAéyn yia Tov Emerging Sources Citation
Index (ESCI) Tou Thomson Reuters (tTwpa Clarivate Analyt-
ics), nou eival npooBdaocipog péow Tou Web of Science. Eni-
ongG, auTn Thv nepiodo egupioketal oTn diadikacia wOoTE va
evTaxln kar orn Scopus. To nepPIodIkKO OEXETAl, EKTOG aAnod
€peUVNTIKA Kal State-of-the-Art, kal apBpa nou ava@épovTal
otnv epappoyn (Articles of Professional Interest kai Case
Reports).
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NMPOZEXEI2
FEQTEXNIKEZ
EKAHAQZEI2

Ma TIC NaAaIOTEPEG KATAXWPNOEIG NEPICOOTEPEG NANPOPOPI-
€G pnopoUv va avalntnbouv oTta nponyoUueva TeUXn Tou
«repIodIKoU» Kal OTIG NapaTIBEPEVEG I0TOTEAIDEG.

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

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

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

GeoBarrier Workshop, 6 - 7 June 2018, Munich, Germany,
https://igs.wufoo.com/forms/g10dk31u19dx00v

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

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

www.16ecee.org

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

www.cptl8.org

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

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

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

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

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

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

GeoChine 2018 - 5th GeoChina International Conference
Civil Infrastructures Confronting Severe Weathers and Cli-
mate Changes: From Failure to Sustainability, July 23-25, ,
HangZhou, China, http://geochina2018.geoconf.org

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018

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

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

geo.com

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

O3 D
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Underground Construction Prague 2019
June 3-5, 2019, Prague, Czech Republic

www.ucprague.com

The ITA-AITES Czech Tunnelling Association cordially invites
you to 14th International Conference entitled “Under-
ground Construction Prague 2019”, which will be held in
Prague, the capital of the Czech Republic, June 3-5, 2019.

This is the largest Czech tunnelling conference, which is
held regularly every three years. Past conferences, especial-
ly Underground Construction Prague 2010, 2013 and 2016,
confirmed that the Prague conference thanks to its scientific
programme, venue and social programme found a firm posi-
tion among similar European conferences.

This confirms the participation of distinguished European
and international experts at each conference.

The joint conference will be held at the Clarion Congress
Hotel Prague and will include a technical exhibition and
a poster session.

The conference is endorsed by the International Tunnelling
and Underground Space Association (ITA). We are looking
forward to your active participation and exchange of new
information and experience.

We are looking forward to your active participation and ex-
change of new information and experience.

Thematic Sessions

Conventionally excavated tunnels

Mechanically excavated tunnels

Other underground structures, repositories, reconstruc-
tions and history

Geotechnical investigation and monitoring

Numerical modelling, BIM, research and development
Equipment, operational safety and maintenance

Risk management, contractual relationships and funding

WN =

Nowunk

CONTACTS
Czech Tunnelling Association ITA-AITES

Dr. Markéta Pruskova, Délnicka 12, 170 00 Prague 7, Czech
Republic

Phone: +420 702 062 610, e-mail: pruskova@ita-

aites.cz, website: www.ita-aites.cz

Secretariat of the Preparatory Committee

SATRA, spol. s r. 0., Sokolska 32, 120 00 Prague 2, Czech
Republic
Phone: +420 296 337 181, fax: +420 296 337 189

Organising agency

GUARANT International spol. s r. 0., Na Pankraci 17, 140 21
Prague 4, Czech Republic

Phone: +420 284 001 444, fax: +420 284 001 448, e-
mail: ps2019@quarant.cz, website: www.guarant.com

o3 O

VII ICEGE ROMA 2019 - International Conference on
Earthquake Geotechnical Engineering, 17 - 20 June 2019,
Rome, Italy, www.7icege.com

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

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

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

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

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

Email: cmn2019@civil.uminho.pt

Telephone: +351 253 510 748

Fax: +351 253 510 217

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

14th ISRM International Congress, 13-18 September 2019,
Iguassu Falls, Brazil, www.isrm2019.com

o3 O

XVII African Regional Conference on
Soil Mechanics and Geotechnical Engineering
07-10 October 2019, Cape Town, South Africa

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

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

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

3

XVI Asian Regional Conference on Soil Mechanics and Ge-
otechnical Engineering, 21 - 25 October 2019, Taipei, China
www.l6arc.org

XVI Panamerican Conference on Soil Mechanics and Ge-
otechnical Engineering, 18-22 November 2019, Cancun,
Quintana Roo, Mexico,
http://panamerican2019mexico.com/panamerican
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YSRM2019 - the 5th ISRM Young Scholars’
Symposium on Rock Mechanics
and
REIF2019 - International Symposium on Rock
Engineering for Innovative Future
1-4 December 2019, Okinawa, Japan

Contact Person: Prof. Norikazu Shimizu, jsrm-
office@rocknet-japan.org
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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
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EUROCK 2020
Hard Rock Excavation and Support
June 2020, Trondheim, Norway

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

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

Contact: eurogeoZinpoland@gmail.com

o3

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

Organizer: Hungarian Geotechnical Society
Contact person: Tamas Huszak

Address: Muegyetem rkp. 3.

Phone: 0036303239406

Email: huszak@mail.bme.hu

Website: http://www.isc6-budapest.com
Email: info@isc6-budapest.com
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Massive sinkhole opens in Rome, swallowing
cars

Over 20 families were evacuated after a huge sink-
hole opened up in a northwestern neighbourhood of
Rome, swallowing several cars.

Fortunately, no injuries have been reported, but the area
remained closed off on Thursday morning after a large part
of the ground collapsed shortly before 6pm on Wednesday.

The sinkhole, measuring around ten metres deep, appeared
in the Balduina district, a residential area northwest of Vati-
can City.

Seven parked cars were sucked into the chasm, and ap-
proximately 22 families evacuated from the residential area.

"In the last few days while [construction workers] were
working, I felt the floor of the house tremble and was very
worried," one resident told Italy's Rai News.

Several social media users joked about the 1945 film
'Roma citta aperta' (Rome, open city) as they shared photos
revealing the extent of the damage caused.

"Two teams of firefighters worked throughout the night on
the landslide," said the Italian Fire Service.

"At the scene, it was arranged to evacuate two apartment
buildings as a precautionary measure, secure the area, and
assist the local population.”
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The road where the sinkhole opened up is marked on the
above map.

Further stability checks were under way on Thursday morn-
ing, while firefighters are also working to establish the
cause of the collapse.

The area is near a building site, where construction workers
began demolition of buildings in October 2017 to make way
for new residential buildings and underground parking
space.

Works had been carried out in the same spot where the
sinkhole appeared between January 25th and 28th, after
reports of significant water leaks, which had however con-
tinued since the works. The sinkhole came after a day of
rain in the Italian capital, which even saw some snow in the
Roman outskirts.
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Rome's public prosecutor has opened an inquiry into the
incident and will send engineers and geologists to establish
what caused it. Two people were placed under investiga-
tion on Thursday for potential "culpable disaster": the legal
representative of the owners of the land, and that of the
company responsible for the construction site where the
sinkhole appeared.

Mayor Virginia Raggi said that authorities would find out
where the responsibility lay. "Anyone who made an error
will pay," she told Italian media.

In 2016, a giant 200-metre sinkhole opened up in Florence
after a water pipe broke, causing water to erode the road.
Twenty parked cars were swallowed by that sinkhole next to
the city's Ponte Vecchio, which was estimated to cost the
city €5 million to repair.
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(Catherine Edwards / THE LOCAL, 15 February 2018,
https://www.thelocal.it/20180215/massive-sinkhole-rome-

cars-balduina)

Road collapse near Vatican City in Rome de-
stroys 7 cars, 20 families evacuated

A large stretch of a road near Vatican City in north-
western Rome, Italy collapsed on February 14, 2018,
taking with it seven parked cars. There were no inju-
ries reported but 2 nearby buildings with 22 families
were ordered to evacuate. The event followed a day
of heavy rain and snow.

The incident took place in Balduina, a residential area
northwest of Vatican City, creating a chasm more than 9 m
(30 feet) deep.

ANSA news agency said emergency crews have shut down a
pipeline damaged by the collapse and water has been
brought in to ensure there’s a supply for residents.

The stretch of road which collapsed is near a building site,
where construction workers began demolition of buildings in
October 2017 to make way for new residential buildings and
underground parking space.

Officials are checking other nearby buildings for structural
damage.

(Science Global News, February 15, 2018,
http://scienceglobalnews.com/environment/road-collapse-
near-vatican-city-in-rome-destroys-7-cars-20-families-
evacuated)

(0.0. And TIC pwTOYpPAPieG NPoKUNTEl OTI NPOKEITAl PAAAOV
nepi aoroxiag Tng avTioTnpiEng napd yia sinkhole).
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HDPE-Lined Reservoir for Artificial Snow on an
Alpine Slope

Ischgl is an internationally renowned ski resort in the
Silvretta Mountains of Tyrol. Plenty of natural snowfall sup-
ports 200km of downhill pistes (compacted snow runs), but
the ability to provide artificial snow early in the season ena-
bles the resort to open sooner and gives skiers a longer and
more dependable window for time on the slopes.

Large reservoirs are needed to support artificial snow pro-
duction for these resorts. For mountainous locations
like Ischgl, reservoir stability must be carefully monitored
and quick corrections are sometimes needed.

The nearly 60,000 m?® of water storage in the new artificial
snow-supporting reservoir enabled the renowned resort to
open earlier than ever in 2017.
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A NEW ARTIFICIAL SNOW SUPPORT RESERVOIR

The new reservoir Viderbdden is the heart of the snow-
making system for Ischgl. The project was initiated after
landslides threatened the previous storage pond’s location.
The site operator Silvrettaseilbahn AG identified a new, geo-
logically secure section of slope on which to construction a
new reservoir. It also specified an updated lining system to
ensure efficient containment of water and which could pro-
vide long-term support in the difficult, Alpine environment.

The resulting design provided 60,000 m3 of water storage
to guarantee snow reliability.

To ensure the least amount of disruption to the resort’s
infrastructure, the new reservoir was placed as close as
possible to the previous one without sacrificing geotechnical
safety. This placement enabled the new storage facility to
efficiently connect to the existing and extensive water net-
work pipelines that support artificial snow production. New
earthworks were minimized, as a result.

In just 3.5 months, the heart-shaped reservoir was con-
structed and sealed with high-density polyethylene (HDPE)
geomembrane, per waterproofing standards in accordance
with Austrian Standard (ONORM) S 2073, which also includ-
ed a protective geotextile and gravel cover.

The structured geomembrane provided exceptional frictional
characteristics and stability for the steep installation.

Along the way, the steep slope angle challenged the con-
struction, but it also gave the engineering team an ideal
situation with which to utilize the impermeable containment
performance of the HDPE lining system. The steep em-
bankment enabled more usable depth, so the reservoir
could store a greater volume of water without altering the
surface area design. For the resort, it meant a greater
amount of artificial snow could be called upon if needed.

A structured geomembrane—MICROSPIKE High Grip water-
proofing membrane—was used. The surface of the geo-
membrane offers >20,000 knobs/m2 for enhanced frictional
characteristics and stability on sloped installations (along
with protective and drainage pathways). The knob-free
welding areas on the HDPE panels facilitated clean, efficient
seaming for system integrity. In addition, the material was
energetically enriched (BIO +) in order to reduce the
growth of algae and enable the production of artificial snow
at higher temperatures.

IMMEDIATE, BENEFICIAL IMPACT
The reservoir was completed in October 2017, which ena-

bled Ischgl to open its slopes on November 23—its earliest
start date on record.

(Chris Kelsey / Geosynthetica, January 31, 2018,
https://www.geosynthetica.net/artificial-snow-reservoir-
geomembrane-skiing)
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Desludging Wastewater Ponds Using Geotextile
Dewatering Bags

Johnny Oriokot, Donovan Bate, and Gerard Dirks

When wastewater treatment ponds reach their capacity, the
options available are either to build new or empty existing
facilities. These ponds must be desludged to make available
additional space for waste. Strict environmental regulations
in wastewater treatment, though necessary, can complicate
carrying out functional upgrades to a facility.

Here, geotextile dewatering bags provide an efficient, cost-
effective method for desludging works. They can work with-
in a limited footprint and effectively contain the material
that needs to be removed and disposed of with minimal
environmental impact.

GEOTEXTILE DEWATERING BAGS IN SOUTH AFRICAN
WASTEWATER

The ultimate goal of wastewater treatment is, of course, to
convert unsuitable fluid into an effluent that is safe to be
returned to the environment. Solid particles (sludge) are
separated from the wastewater and transported to safe dis-
posal sites or contained in a tailings storage facility.

Cost-effective and efficient solids separation remains a chal-
lenge to wastewater tailings facilities around the world.

South Africa serves as a strong example for tackling com-
mon wastewater treatment issues with the utilization of
geotextile dewatering bags. Here, multiple wastewater
treatment sites were identified as having reached their
maximum storage capacity. Excess sludge accumulation
was a major factor.

Sludge accumulation at a wastewater tailings facility.

For all of the facilities cited in Figure 1, the option of build-
ing a new tailings dam was cost-prohibitive. (This is the
case nearly all wastewater treatment plants find themselves
in when reaching capacity.) Furthermore, the tailings stor-
age facilities in place at these sites, like so many others,
were older and had not been constructed with an adequate
lining system. Thus, the sites presented an environmental
concern over potential effluent leakage.
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To remedy the situation and relieve these facilities of the
concern over the old tailings storage cells, a project was
initiated to remove sludge from each facility, rehabilitate
the storage cells, and install modern lining systems. The
work was conducted not only to achieve better environmen-
tal and efficiency performance but to bring the facilities
quickly up to the standards set by new regulations enacted
by the Department of Water Affairs.

SLUDGE REMOVAL AND DEWATERING OPTIONS

Dredging is by far the most common form of sludge removal
followed by other methods that involve mechanical removal
from a tailings dam. The sludge is removed, dried, and
transported to a landfill or a land-application facility. Dredg-
ing, however, can be an extremely difficult, time-consum-
ing, and costly process. Dredging can also damage a lining
system, which can compromise the structural integrity of
the sludge pond and lead to seepage.

For the South African projects described here, limited budg-
et and time-sensitive operational upgrade windows for
desludging the wastewater ponds pressured the project
teams to find alternative methods. On-site geotextile de-
watering bags were found to be a more economical and
smaller footprint solution.

Mechanical dredging method of excess sludge from a
wastewater tailings facility.

DESIGNING WITH DEWATERING BAGS

For the projects here, a dewatering area was lined with a 1-
mm-thick geomembrane to prevent local erosion and to
collect all the effluent that would be released from the
geobags during the dewatering process. The effluent would
then be channeled back into the dam or taken for further
treatment.

The geotextile dewatering bags made out of UV-stabilized
woven polypropylene (PP) geotextile material with high-
strength seams were used to capture the dredged sludge
whilst minimizing water loss. The seam strength of a geo-
textile dewatering bag is essential for durability in service
and to withstand the stresses associated with pumping the
material at high pressures. The thread used to stitch the
bags in this project series offered a higher breaking
strength than the geotextile itself, thus providing sufficient
tensile strength to the geobags.

One of the primary sources of efficiency in the use of geo-
textile dewatering bags rests in how they allow water to
flow through the geotextile pores while filtering out the sol-
ids, which are contained inside the bag. Even solids smaller
than the aperture openings in the fabric are contained, as a
filter cake builds up during the dewatering process but does
not entirely block water flow. This creates an equivalent
two-stage filter with filtration efficiencies above 98% for
fine-grained material filtered through woven, high-strength
geotextile dewatering bags (Bindra 2002).

Preparation of ground prior to operation.

In order to accommodate the pipe connections, two inlets
per bag of standard size 200 mm were allowed for. These
inlets accommodated pipe sizes up to 200 mm diameter.
When filling processes were completed, the pipes were re-
moved and the inlets were tied off.

The pumping rate was kept below 40 m3/h. A manifold was
present to split the flow and reduce the inlet speed in the
event a pump exceeded the designed rate. The pumping
rate did not affect the flow-through rate of the geotextile
dewatering bags, because the aperture size of the geotex-
tile controls the outflow.

When it comes to disposal, the final disposal site for the
dewatering geotextile bags should be as close to the gener-
ation area as possible in order to minimize transportation
costs. The retained solids can be safely disposed of or per-
haps reused beneficially, such as in fertilizer. The geobags
themselves must by disposed of responsibly, as they are
not reusable.

In selection of a disposal site, one must:

e Ensure that the disposal site is not located in a sensitive
area where disposal is not permissible

e Ensure that the sludge disposal site is located as far as
possible from the area where the final effluent is dis-
charged to limit possible contamination of the final efflu-
ent, as well as to limit possible contribution of contami-
nants to the water resource

e Allow for the maximum buffer zones, greater than 400
m from surface water

e Consider the slope of the disposal site to minimize run-
off, erosion, and ponding.

e Ensure the disposal site is not within the 1:100 year
flood line.

No flocculants were necessary, as the use of geobags ena-
bled the material to dewater quick enough by gravity only,
further reducing project cost.

LLLEET] TITIT

Filling of the geotextile dewatering bags.
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While the duration dewatering and consolidation by this
method varies depending on the type of geotextile, bag
size, fill material, and site conditions, in the authors’ experi-
ence it takes on average a week for these types of bags to
drain.

TAKEAWAYS FOR WASTEWATER ENGINEERING

Geotextile dewatering bags are capable of competing eco-
nomically with other dewatering techniques used at
wastewater treatment plants. The use of a geobag tech-
nique is passive. It does not require extensive or constant
monitoring and maintenance of equipment. As such geotex-
tile dewatering bags are, in general, 50 - 70% cheaper than
other sludge removal methods, when considering all factors
(e.g., construction and dewatering time, labor, machinery
costs). The simplicity in their use for separating solids and
how simple it is to contain the effluent that is dewatered
also makes geobags an environmentally friendly engineer-
ing solution. Aquaculture, industrial processing, and sedi-
mentation ponds are some other applications that benefit
from the utilization of geotextile dewatering bags.

Filtration through the geotextile dewatering bags.

Geobag size selection is dependent on the volume that
needs to be removed from a tailings facility and the space
available on site where the dewatering bags will be placed.
The largest geobag in the project noted here had a 15m
circumference and was 60m long. This provided approxi-
mately 720 m? of volume.

The cost of geotextile dewatering bags is determined by the
woven geotextile material, the thread strength, and the
stitching process.

One can also find advantages in measuring the volume of
waste that can be extracted from a tailings dam per month
per bag, though this analysis has not yet been conducted
for the sites noted here in South Africa.

Johnny Oriokot, Donovan Bate, and Gerard Dirks work for
Fibertex South Africa. Learn more
at www.geotextilesafrica.co.za and www.fibertex.com.
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Reinforced Soil Wall Supports 1000-Ton Crane
Working Platform

The Elan Valley Aqueduct (EVA) is an important part of the
water supply for Birmingham City (Wales) and its surround-
ing area. The principal structure is 100 years old. The 120
km long EVA discharges 300 million liters of water per day
in the Frankley Water Treatment Works (WTW), supplying
1.2 million people with potable water and future reserves in
the event of emergency.

When Severn Trent Water determined that the aging sys-
tem needed to be rehabilitated for future dependability, a
new bypass conduit with a 1.8 km long, 3m diameter tunnel
was proposed. The work required the construction of a hori-
zontal working platform, one that had to be robust enough
to support a 1000-ton crane and the assemblage of a 150
ton tunnel boring machine (TBM).

REINFORCED WORKING PLATFORM

For the site conditions, expected construction traffic, and
the size of the essential TBM, the working platform was
designed at 160m long and maximum 14m high. A rein-
forced soil wall was needed to support the massive loads on
the hillside location.

The working platform design used two strengths of geogrids
from Strata Geosystems (120 and 60 kN/m). This approach
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enabled the site crews to utilized site-won material as part
of the cut-and-fill balance and to minimize the amount of fill
that would be needed.

Site-won materials were, in fact, required, to keep the pro-
ject costs under control. These soils contained a high fine
soils content, which made them very susceptible to weather
conditions.

SUPPORTING A 1000-TON CRANE

A 1000-ton crane was installed on the working platform to
enable the assembly of the tunnel boring machine. The plat-
form needed to be level with a working area at one end of
the new bypass tunnel, downstream of the project.

To achieve this, the reinforced soil wall was needed. Site-
won material was also to be used in cofferdam works sur-
rounding the TBM launch shaft.

The slope angle for the reinforced wall was 85°. The rein-
forced working platform was constructed on top of the
structure. The granular material utilized beneath the plat-
form had a 970mm thickness and biaxial geogrids distribut-
ed the loads. A a steel mesh facing (B1131) was used to
achieve the extreme slope angle, while the layers of the
reinforced wall were protected with erosion control matting
(LANDLOK® TRM450).

In total, 43 layers of soil and reinforcement were required
to complete the massive wall and working platform. Primary
reinforcement was provided by StrataGrid™ (again at 120
kN/m and 60 kN/m strengths), which was used with a
wrap-around approach.

Geosynthetics Limited served as Strata Geosystems local
partner for the construction. P J Martin Groundworks and
Civil Engineering provided construction expertise (and has
built four of the walls on the site). The entire working plat-
form and reinforced works were completed in just 8 weeks,
despite inclement weather.

HIGHLIGHTS OF THE DESIGN

e Saved 40% of cost versus a conventional concrete wall

e |Lower carbon emissions for the construction works
through use of local soils

e Technically sound, high-strength system
e Faster construction

(Chris Kelsey / Geosynthetica, February 1, 2018,
https://www.geosynthetica.net/working-platform-tbm-

reinforced-soil)
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Sea Slime Can Trigger 65-Foot Mega-Tsunamis

A layer of ooze made of microscopic fossils may underlie
Earth's biggest landslides, a new study finds.

The biggest landslides on Earth are not on dry land but ra-
ther on the seafloor. For instance, the volcanic eruption of
Mount St. Helens in 1980 triggered a collapse of about 0.7
cubic miles (3 cubic kilometers) of rock, but the Storegga
"megaslide" offshore Norway about 8,150 years ago sent
more than 1,000 times more material crashing downward,
previous research found.

Submarine landslides are not just perils for life underwater;
they can trigger catastrophic tsunami that can wreak havoc
on land. For example, prior work suggested that the
Storegga megaslide triggered a tsunami that deluged sur-
rounding coasts with waves up to 65 feet (20 meters) high.

One-fifth of all tsunamis may be caused by submarine
megaslides, said study lead author Morelia Urlaub, a marine
geoscientist at the Geomar Helmholtz Centre for Ocean Re-
search in Kiel, Germany. In addition, submarine landslides
are "a threat to any infrastructure on the seabed, such as
those related to hydrocarbon exploration, pipelines and tel-
ecommunication cables, affecting our internet traffic," she
told Live Science.

Oddly, the largest submarine landslides happen on nearly
flat slopes inclined less than 3 degrees. Prior work found the
kind of terrain left in the aftermath of these landslides sug-
gests great expanses of seafloor glided over weak layers of
material embedded within more-stable layers of sediment.

Scientists have proposed many possibilities for what mate-
rial could make up these weak layers, including liquefied
sand and "flammable ices" known as clathrates, Urlaub said.
However, it was nearly impossible to say what these weak
layers were because they were typically destroyed along
with the landslides.

Now, in a first, Urlaub and her colleagues have identified
the weak layer behind a submarine megaslide — a layer of
ooze made of microscopic fossils.

Urlaub was analyzing ocean drilling data from 1980 when
she realized it included samples from the seafloor just out-
side the Cap Blanc slide, a 149,000-year-old megaslide off-
shore northern Mauritania, in northwest Africa, that pro-
pelled more than 7.2 cubic miles (30 cubic km) of material
over a seafloor gently inclined at just 2.8 degrees. She
cross-referenced that information with high-resolution seis-
mic data gathered in the same area in 2009.

Together, these data revealed that at the base of the Cap
Blanc slide was a sediment layer less than about 33 feet (10
meters) thick. The layers were rich in diatoms, which are
single-celled algae that live in glassy and often intricate
shells. When these diatoms die, the remains of their shells
create a silica-rich goop. Such diatom ooze layers are com-
mon on the margins of many continents, the researchers
said.

This diatom layer was topped by a layer of clay sediment.
The researchers suggested that this arrangement may help
set the stage for submarine landslides. As weight builds up
on top of the clay layer, it squashes the diatom layer,

squeezing out water. As the pressure builds, this water gets
forced into the clay, and the clay or the interface between
the clay and the diatoms weakens, enabling landslides.

The researchers suggested that this diatom ooze may help
to explain many large submarine landslides worldwide. "If
diatom layers are a major factor in triggering large subma-
rine landslides, then understanding where such oozes are
deposited might help in assessing hazards," Urlaub said.
"However, more studies are needed to really understand the
processes and the conditions that lead to failure before be-
ing able to predict submarine landslides."

The scientists detailed their findings online Feb. 9 in the
journal Geology.

(Charles Q. Choi / Live Science Contributor, February 14,
2018, https://www.livescience.com/61756-sea-slime-mega-
tsunamis.html?utm source=ls-

newslet-

ter&utm medium=email&utm campaign=20180214-Is)

Diatom ooze: Crucial for the generation of sub-
marine mega-slides?

Morelia Urlaub, Jacob Geersen, Sebastian Krastel,
Tilmann Schwenk

Numerous studies invoke weak layers to explain the occur-
rence of submarine mega-slides (>100 km?), in particular
those on very gentle slopes (<3°). Failure conditions are
thought to be met only within this layer, which is embedded
between stable sediments. Although key to understanding
failure mechanisms, little is known about the nature and
composition of such weak layers, mainly because they are
destroyed with the landslides. This study is the first to place
detailed constraints on the weak layer for one of the sub-
marine mega-slides that occurred on the nearly flat, sub-
tropical, northwest African continental slopes. Integrating
results from the Ocean Drilling Program with high-resolution
seismic reflection data, we show that the failure surfaces
traced into the undisturbed sedimentary sequence coincide
with thin (<10 m) diatom ooze layers capped by clay. As
diatom oozes are common on many continental margins, we
suggest a new margin-independent failure mechanism to
explain submarine mega-slides at low-gradient continental
slopes globally. Diatom oozes are susceptible to building up
excess pore fluid during burial due to their high compressi-
bility and water content. If a low-permeable clay cap pre-
vents upward drainage, excess pore pressures accumulate
at the ooze-clay interface, causing the shearing resistance
to increase at a lower rate than the shear stress until failure
can occur. Changes in global climate affect the abundance
of diatoms and thus formation of diatom oozes, thereby
preconditioning the sediments for failure. However, the ac-
tual timing of failure is independent of environmental
changes.

(GeoScinceWorld / Geology (2018), DOI:
https://doi.org/10.1130/G39892.1, February 09, 2018,
https://pubs.geoscienceworld.org/gsa/geology/article-
abstract/527938/diatom-ooze-crucial-for-the-generation-
of?redirectedFrom=fulltext)
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A Ticking Time Bomb of Mercury Is Hidden Be-
neath Earth's Permafrost

Climate change could unleash 15 million gallons of mercury
trapped in permafrost. And that's just in the Northern Hem-
isphere.

When the mercury's rising in your thermometer, it may also
be rising in the ocean.

According to a new study published Feb. 5 in the jour-
nal Geophysical Research Letters, there may be more than
15 million gallons (58 million liters) of mercury buried in the
permafrost of the Northern Hemisphere — roughly twice as
much mercury as can be found in the rest of Earth's soils,
ocean and atmosphere combined. And if global tempera-
tures continue to rise, all that mercury could come pouring
out.

In geology, permafrost is defined as any soil that has been
frozen for more than two years. In the Northern Hemi-
sphere, permafrost accounts for about 8.8 million square
miles (22.79 million square kilometers) of land — or roughly
24 percent of exposed Earth, according to the National
Snow and Ice Data Center. Over time, naturally occurring
compounds in the atmosphere, such as mercury and carbon
dioxide, can bind with organic material in the soil and be
frozen into permafrost, potentially remaining trapped un-
derground for thousands of years before it thaws, the new
paper said.

In the study, researchers drilled 13 permafrost soil cores
from various sites in Alaska between 2004 and 2012. Then,
they measured the total amounts of mercury and carbon in
each sample, which proved consistent with thousands of
other soil cores taken from other sites around the world, the
paper said. Using the mercury contents of their 13 cores as
a springboard, the researchers estimated the total amount
of mercury sealed away below North American permafrost
to be roughly 793 gigagrams — or more than 15 million
gallons.

"There would be no environmental problem if everything
remained frozen, but we know the Earth is getting warmer,"
study author Paul Schuster, a hydrologist at the U.S. Geo-
logical Survey in Boulder, Colorado, said in a statement.
"This discovery is a game-changer."

Researchers have already observed climate-change-induced
permafrost thawing, and there is likely more on the way:
According to a 2013 study, the Northern Hemisphere
will lose anywhere from 30 to 99 percent of its perma-
frost by 2100, assuming current human greenhouse-gas
emissions continue unabated.

Previous studies have attempted to account for the billions
of tons of carbon dioxide, methane and even "zombie path-
ogens" that could be loosed into the air and the oceans by
melting permafrost. The environmental impact of a large-
scale mercury leak, however, remains an unpredictable
problem.

One major concern is that this trapped mercury could seep
into nearby waterways and transform into methylmercury, a
toxin that can cause motor impairment and birth defects in
animals, Edda Mutter, science director for the Yukon River
Inter-Tribal Watershed Council, said in a statement. Such
contamination could travel swiftly up the food chain from
microorganisms to humans, said Mutter, who was not in-
volved in the new study.

"Rural communities in Alaska and other northern areas have
a subsistence lifestyle, making them vulnerable to methyl-
mercury contaminating their food supply," Mutter added.

The researchers are currently working on a follow-up study
modeling the release of permafrost due to climate change,
according to the statement.

(Brandon Specktor / Live Science Senior Writer, February 6,
2018, https://www.livescience.com/61665-mercury-
permafrost-climate-change.html?utm source=ls-

newslet-

ter&utm medium=email&utm campaign=20180206-Is)

Permafrost Stores a Globally Significant Amount
of Mercury

Paul F. Schuster, Kevin M. Schaefer, George R. Aiken,
Ronald C. Antweiler, John F. Dewild, Joshua D.
Gryziec, Alessio Gusmeroli, Gustaf Hugelius, Elchin
Jafarov, David P. Krabbenhoft, Lin Liu, Nicole Her-
man-Mercer, Cuicui Mu, David A. Roth, Tim Schaefer,
Robert G. Striegl, Kimberly P. Wickland, and Tingjun
Zhang

Abstract Changing climate in northern regions is causing
permafrost to thaw with major implications for the global
mercury (Hg) cycle. We estimated Hg in permafrost regions
based on in situ measurements of sediment total mercury
(STHg), soil organic carbon (SOC), and the Hg to carbon
ratio (RHgC) combined with maps of soil carbon. We meas-
ured a median STHg of 43 + 30 ng Hg g soil* and a median
RHgC of 1.6 + 0.9 ug Hg g C*, consistent with published
results of STHg for tundra soils and 11,000 measurements
from 4,926 temperate, nonpermafrost sites in North Ameri-
ca and Eurasia. We estimate that the Northern Hemisphere
permafrost regions contain 1,656 £ 962 Gg Hg, of which
793 * 461 Gg Hg is frozen in permafrost. Permafrost soils
store nearly twice as much Hg as all other soils, the ocean,
and the atmosphere combined, and this Hg is vulnerable to
release as permafrost thaws over the next century. Existing
estimates greatly underestimate Hg in permafrost soils,
indicating a need to reevaluate the role of the Arctic regions
in the global Hg cycle.

Plain Language Summary Researchers estimate the
amount of natural mercury stored in perennially frozen soils
(permafrost) in the Northern Hemisphere. Permafrost re-
gions contain twice as much mercury as the rest of all soils,
the atmosphere, and ocean combined.
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1. Introduction

Over thousands of years, sedimentation buried mercury
(Hg) bound to organic material and froze it into the perma-
frost (Obrist et al., 2017). Permafrost is soil at or below 0°C
for at least two consecutive years. The active layer is the
surface soil layer on top of the permafrost that thaws in
summer and refreezes in winter (Figure S1 in the support-
ing information). Hg deposits onto the soil surface from the
atmosphere, where it bonds with organic matter in the ac-
tive layer. Microbial decay then consumes the organic mat-
ter, releasing the Hg (Smith-Downey et al., 2010). At the
same time, sedimentation slowly increases soil depth such
that organic matter at the bottom of the active layer be-
comes frozen into permafrost. The organic matter consists
almost entirely of plant roots, and, once frozen, microbial
decay effectively ceases, locking the Hg into the permafrost.
However, permafrost has begun to thaw under a changing
climate (Hinzman et al., 2005; Romanovsky et al., 2008;
Smith et al., 2010). Once the permafrost and associated
organic matter thaws, microbial decay will resume and re-
lease Hg to the environment, potentially impacting the Arc-
tic Hg balance, aquatic resources, and human health (Dun-
lap et al., 2007; Jonsson et al., 2017; Obrist et al., 2017;
USGS Fact Sheet,
https://www?2.usgs.gov/themes/factsheet/146-00/, 2016).
Model projections estimate a 30-99% reduction in the area
of Northern Hemisphere permafrost by 2100, assuming an-
thropogenic greenhouse gases emissions continue at cur-
rent rates (Koven et al., 2013). In a novel approach, we
make the first-ever estimate of the storage of Hg in the
Northern Hemisphere permafrost soils using empirical rela-
tionships based on in situ measurements of sediment total
mercury (STHg) combined with published maps of soil or-
ganic carbon (Hugelius, Tarnocai, et al., 2013; Hugelius,
Bockheim, et al., 2013).

(Geophysical Research Letters, Volume 45, Issue3, 16 Feb-
ruary 2018, Pages 1463-1471,
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/20
17GL075571)

o3 D

That Sea Stack from Reddit Didn't Take 'Millions
of Years' to Form

— —

The gorgeous Irish sea-stack known as DUn Briste.

A photo of DUn Briste — a layered, chunky tower of rock
rising off the western coast of Ireland —skyrocketed to the
top of Reddit last week. But the post's captivating title —
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"What millions of years look like in one photo" — isn't ex-
actly accurate, a geologist told Live Science.

The sea stack is old, but "almost certainly doesn't represent
millions of years" of geological processes, Maria McNamara,
a paleobiologist at the University College Cork, in Ireland,
told Live Science in an email. "Rather, [it likely formed in]
tens to hundreds of thousands of years," she said.

Its rapid formation (geologically speaking, at least) doesn't
make this structure any less marvelous. The view of the sea
stack from Ireland's County Mayo is stunning, which may
explain why the picture has received about 57,300 up-votes
on Reddit since its posting on Feb. 9. The layered, sedimen-
tary rock formed during the Carboniferous, a 60-million-
year-long period lasting from about 359 million to 299 mil-
lion years ago. That's long before dinosaurs roamed the
Earth. (In other words, the sea stack formed millions of
years ago, but it formed very quickly.)

It's unclear whether DuUn Briste has any fossils from the
Carboniferous period. But if it does, they would likely be the
remains of creatures that lived during that time period, in-
cluding corals, brachiopods (clam-like creatures) and cri-
noids (sea animals that look like flowers), McNamara said.

When it formed, DUn Briste was still connected to the main-
land. Looking at the sea stack's layers and edges, McNama-
ra noticed that the structure shows evidence of onlapping
strata, or layers. This indicates there was a rise in sea level
long ago, she said.

"As the land surface was flooded [as sea levels rose], sedi-
ments were laid down progressively inland," McNamara
said.

In 1393, an arch leading to the 150-foot-tall (45 meters)
sea stack collapsed during a storm, according to
Dunbriste.com. This may explain why it was named Dun
Briste, which is Gaelic for "broken fort," according to the
website.

In 2016, daredevil Iain Miller climbed the cliff, according to
the Daily Express, a news outlet in the United Kingdom.
That's the first time a person had set foot on top of the sea
stack since 1990, when a group of climbers summited the
stack, the Daily Express reported.

Before that, a team of scientists helicoptered to the top of
Dun Briste in the 1980s. They reportedly found the remains
of a medieval house and a broken quern stone, that is, a
stone used for grinding corn, according to Castlebar News, a
news publication in west Ireland.

(Laura Geggel / LIVE SCIENCE Senior Writer, February 15,
2018, https://www.livescience.com/61769-dun-briste-sea-
stack-reddit.html?utm source=Is-

newslet-

ter&utm medium=email&utm campaign=20180215-Is)
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Facts About Pangaea, Ancient Supercontinent

About 300 million years ago, Earth didn't have seven conti-
nents, but instead one massive supercontinent called Pan-
gaea, which was surrounded by a single ocean called
Panthalassa.

The explanation for Pangaea's formation ushered in the
modern theory of plate tectonics, which posits that the
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Earth's outer shell is broken up into several plates that slide
over Earth's rocky shell, the mantle.
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PRESENT DAY
The breakup of the Pangaea supercontinent.

Over the course of the planet's 3.5 billion-year history, sev-
eral supercontinents have formed and broken up, a result of
churning and circulation in the Earth's mantle, which makes
up most of planet's volume. This breakup and formation of
supercontinents has dramatically altered the planet's histo-
ry.

"This is what's driven the entire evolution of the planet
through time. This is the major backbeat of the planet,"
said Brendan Murphy, a geology professor at the St. Francis
Xavier University, in Antigonish, Nova Scotia.

History

More than a century ago, the scientist Alfred Wegener pro-
posed the notion of an ancient supercontinent, which he
named Pangaea (sometimes spelled Pangea), after putting
together several lines of evidence.

The first and most obvious was that the "continents fit to-
gether like a tongue and groove," something that was quite
noticeable on any accurate map, Murphy said. Another tell-
tale hint that Earth's continents were all one land mass
comes from the geologic record. Coal deposits found in
Pennsylvania have a similar composition to those spanning
across Poland, Great Britain and Germany from the same
time period. That indicates that North America and Europe
must have once been a single landmass. And the orientation
of magnetic minerals in geologic sediments reveals how
Earth's magnetic poles migrated over geologic time, Murphy
said.

In the fossil record, identical plants, such as the extinct
seed fern Glossopteris, are found on now widely disparate
continents. And mountain chains that now lie on different
continents, such as the Appalachians in the United States
and the Atlas Mountains in Morocco, were all part of the

Central Pangaea Mountains, formed through the collision of
the supercontinents Gondwana and Laurussia.

Pangaea formed through a gradual process spanning a few
hundred million years. Beginning about 480 million years
ago, a continent called Laurentia, which includes parts of
North America, merged with several other micro-continents
to form Euramerica. Euramerica eventually collided with
Gondwana, another supercontinent that included Africa,
Australia, South America and the Indian subcontinent.

About 200 million years ago, the supercontinent began to
break up. Gondwana (what is now Africa, South America,
Antarctica, India and Australia) first split from Laurasia
(Eurasia and North America). Then about 150 million years
ago, Gondwana broke up. India peeled off from Antarctica,
and Africa and South America rifted, according to a 1970
article in the Journal of Geophysical Research. Around 60
million years ago, North America split off from Eurasia.

Life and climate

Having one massive landmass would have made for very
different climatic cycles. For instance, the interior of the
continent may have been utterly dry, as it was locked be-
hind massive mountain chains that blocked all moisture or
rainfall, Murphy said.

But the coal deposits found in the United States and Europe
reveal that parts of the ancient supercontinent near the
equator must have been a lush, tropical rainforest, similar
to the Amazonian jungle, Murphy said. (Coal forms when
dead plants and animals sink into swampy water, where
pressure and water transform the material into peat, then
coal.)

"The coal deposits are essentially telling us that there was
plentiful life on land," Murphy told Live Science.

Climate models confirm that the continental interior of Pan-
gaea was extremely seasonal, according to a 2016 article in
the journal Palaeogeography, Palaeoclimatology, Palaeoe-
cology. The researchers in this study used biological and
physical data from the Moradi Formation, a region of lay-
ered paleosols (fossil soils) in northern Niger, to reconstruct
the ecosystem and climate during the time period when
Pangaea existed. Comparable to the modern-day African
Namib Desert and the Lake Eyre Basin in Australia, the cli-
mate was generally arid with short, recurring wet periods
that occasionally included catastrophic flash floods.

Pangaea existed for 100 million years, and during that time
period several animals flourished, including the Traverso-
dontidae, a family of plant-eating animals that includes the
ancestors of mammals.

During the Permian period, insects such as beetles and
dragonflies flourished. But the existence of Pangaea over-
lapped with the worst mass extinction in history, the Permi-
an-Triassic (P-TR) extinction event. Also called the Great
Dying, it occurred around 252 million years ago and caused
most species on Earth to go extinct. The early Triassic peri-
od saw the rise of archosaurs, a group of animals that even-
tually gave rise to crocodiles and birds, and a plethora of
reptiles. And about 230 million years ago some of the earli-
est dinosaurs emerged on Pangaea, including theropods,
largely carnivorous dinosaurs that mostly had air-filled
bones and feathers similar to birds.

Cycle in history

The current configuration of continents is unlikely to be the
last. Supercontinents have formed several times in Earth's
history, only to be split off into new continents. Right now
for instance, Australia is inching toward Asia, and the east-
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ern portion of Africa is slowly peeling off from the rest of
the continent.

Geologists have noticed that there is a quasi-regular cycle
in which supercontinents form and break up every 300 to
400 million years, but exactly why is a mystery, Murphy
said. But most scientists believe that the supercontinent
cycle is largely driven by circulation dynamics in the mantle,
according to a 2010 article in the Journal of Geodynamics.

Beyond that, the details get fuzzy. While the heat formed in
the mantle likely comes from the radioactive decay of un-
stable elements, such as uranium, scientists don't agree on
whether there are mini-pockets of heat flow within the man-
tle, or if the entire shell is one big heat conveyor belt, Mur-
phy said.

Current research

Scientists have created mathematical, 3D simulations to
better understand the mechanisms behind continental
movement. In a 2017 article in Geoscience Frontiers, scien-
tists Masaki Yoshida and M. Santhosh explain how they pro-
duced simulations of large-scale continental movements
since the breakup of Pangaea 200 million years ago. The
models show how tectonic plate motion and mantle convec-
tion forces worked together to break apart and move large
land masses. For example, Pangaea's large mass insulated
the mantle underneath, causing mantle flows that triggered
the initial breakup of the supercontinent. Radioactive decay
of the upper mantle also raised the temperature, causing
upward mantle flows that broke off the Indian subcontinent
and initiated its northern movement.

Yoshida and Santos created additional geological models to
predict mantle convection and continental movement pat-
terns 250 million years in the future. These models suggest
that over millions of years, the Pacific Ocean will close as
Australia, North America, Africa, and Eurasia come together
in the Northern Hemisphere. Eventually, these continents
will merge, forming a supercontinent called "Amasia." The
two remaining continents, Antarctica and South America,
are predicted to remain relatively immobile and separate
from the new supercontinent.

Additional reporting by Carol Stoll, Live Science contributor

Additional resources

e ClassZone: Animation of the breakup of Pangaea

e U.S. Geological Survey: This Dynamic Earth: The Story
of Plate Tectonics

e Cornell University: Move the Continents! Interactive
puzzle

(Tia Ghose, Associate Editor / Live Science, February 22,
2018, https://www.livescience.com/38218-facts-about-
pangaea.html)
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What is Gondwana?

Gondwana was an ancient supercontinent that broke up
about 180 million years ago. The continent eventually split
into landmasses we recognize today: Africa, South America,
Australia, Antarctica, the Indian subcontinent and the Ara-
bian Peninsula.

The familiar continents of today are really only a temporary
arrangement in a long history of continental movement.
Landmasses on Earth are in a constant state of slow motion,
and have, at multiple times, come together as one. These
all-in-one supercontinents include Columbia (also known as
Nuna), Rodinia, Pannotia and Pangaea (or Pangea).

Gondwana was half of the Pangaea supercontinent, along
with a northern supercontinent known as Laurasia.

The creation of Gondwana

Gondwana's final formation occurred about 500 million
years ago, during the late Ediacaran Period. By this time,
multicellular organisms had evolved, but they were primi-
tive: The few fossils left from this period reveal segmented
worms, frond-like organisms and round creatures shaped
like modern jellyfish.

In this world, Gondwana conducted its slow grind to super-
continent status. Bits and pieces of the future superconti-
nent collided over millennia, bringing together what are now
Africa, India, Madagascar, Australia and Antarctica.

This early version of Gondwana joined with the other land-
masses on Earth to form the single supercontinent Pangaea
by about 300 million years ago. About 280 million to 230
million years ago, Pangaea started to split. Magma from
below the Earth's crust began pushing upward, creating a
fissure between what would become Africa, South America
and North America.

As part of this process, Pangaea cracked into a northern-
most and southernmost supercontinent. The northern land-
mass, Laurasia, would drift north and gradually split into
Europe, Asia and North America.

The southern landmass, still carrying all those bits and
pieces of the future southern hemisphere, headed south-
ward after the split. This supercontinent was Gondwana.

Gondwana's breakup

During Gondwana's stint as the southerly supercontinent,
the planet was much warmer than it was today — there was
no Antarctic ice sheet, and dinosaurs still roamed the Earth.
By this time, it was the Jurassic Period, and much of
Gondwana was covered with lush rainforest.

The great supercontinent was still under strain, however.
Between about 170 million and 180 million years ago,
Gondwana began its own split, with Africa and South Ameri-
ca breaking apart from the other half of Gondwana. About
140 million years ago, South America and Africa split, open-
ing up the South Atlantic Ocean between them. Meanwhile,
on the eastern half of the once-supercontinent, Madagascar
made a break from India and both moved away from Aus-
tralia and Antarctica.

Australia and Antarctica clung together longer; in fact, Ant-
arctica and Australia didn't make their final split until about
45 million years ago. At that point, Antarctica started to
freeze over as Earth's climate cooled, while Australia drifted
northward. (Today, the Australian continent still moves
north at a rate of about 1.2 inches (3 centimeters) a year.)

Gondwana theory

The exact mechanisms behind Gondwana's split are still
unknown. Some theorists believe that "hot spots," where
magma is very close to the surface, bubbled up and rifted
the supercontinent apart. In 2008, however, University of
London researchers suggested that Gondwana instead split
into two tectonic plates, which then broke apart.
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The existence of Gondwana was first hypothesized in the
mid-1800s by Eduard Suess, a Viennese geologist who
dubbed the theoretical continent "Gondwanaland." Suess
was tipped off by similar fern fossils found in South Ameri-
ca, India and Africa (the same fossils would later be found
in Antarctica). At the time, plate tectonics weren't under-
stood, so Suess didn't realize that all of these continents
had once been in different locations. Instead, he developed
a theory of sea level rise and regression over time that
would have linked together the southern hemisphere conti-
nents with land bridges.

Suess got the name Gondwanaland from the Gondwana
region of central India, where geological formations match
those of similar ages in the southern hemisphere.

(Stephanie Pappas / Live Science Contributor, June 7, 2013,
https://www.livescience.com/37285-gondwana.html)
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Murmuration

To @aivopevo autod anoTunwenke GwToypaAQIKa npiv ano 2
Xpovia o€ €va noTdul Tng IpAavdiag and Tn Sophie kai Tn
Liberty, eival oknvoBETIOEG VTOKIUAVTEP (QUOIKAG I10TOPIAG.
AnokaAeital Murmuration kai dev undpyel akpipng eAAnvi-
KA A£EN yia va To nepiypawn. SPAVN Wapoviwv METAVE WE
€vav TOOO Opyavwpévo TPOMNo nou &enepva Tov avBpwnivo
vou.

To nw¢ Ta NouAld opyavwvovTal Kal NEToUV O€ TETOIO OXN-
JaTiopo, dev €xel anavrtndr akopa. Mia pdAAov anAoikn
€€nynon €ivalr To OTI KABe MOUAI pipgeiTal TNV Kivnon &vog
AaAAou kal neta npog Tnv idia kateuBuvaon.
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To idl0 Qaivopevo KaTaypdagel éva eviunwaolakd Bivreo Tou
National Geographic THE ART OF FLYING, nou pnopeite va
deite £0w:
https://video.nationalgeographic.com/video/short-film-
showcase/flight-of-the-starlings-watch-this-eerie-but-
beautiful-phenomenon?-starlingsnative&sf57780463=1

Eixa Tnv TUXN va napakoAouBnow npiv Xpovia Ki' eyw €va
napouolo gaivouevo, Kata To coUpouno, aTnv nePIoxXn Tou
agpodpopiou MpeRElng, kal You To BUNICE 0 PIAOG, MOU HOU
€0TEINE TIG Napandavw QwToypagie. Ta wapdvia nerovoav
og konadia oav appovika peraBaiAopeva kUuaTa, YEXPI Nou
Koupviagav ora wnAd dévdpa TnG NepIoXng, HOAIG Xalnke o
nAlog aTov opilovTa. 'HTav £€va payiko Bcapal!l
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The Author of This Physics Paper Is 7 Years Old
(and Also a Cat)

T U

e

On April 1, 2014, the American Physical Society announced
a landmark change in policy: All scientific papers authored
by cats would henceforth become freely available to the
public.

The announcement was a joke (it was April Fools' Day), but
the cat that inspired it was not. His name is Chester — bet-
ter known to the scientific community as F.D.C. Willard,
arguably the most famous cat in physics after Schroding-
er's.

In 1975, Chester/Willard's name appeared alongside Michi-
gan State University physics professor Jack Hetherington's
on an influential paper about the low-temperature physics
of helium-3 isotopes — versions of an element (helium, in
this case) with different numbers of neutrons in their nuclei
— published in the journal Physical Review Letters. Hether-
ington was Chester's owner, and he had initially included
the 7-year-old Siamese cat's name on the paper to resolve
a grammatical blunder.

As a colleague pointed out while editing the draft, Hether-
ington listed himself as the study's sole author, yet he had
nevertheless written the entire paper using the "we" pro-
noun. This was against the journal's style rules, the col-
league noted. Hetherington's paper would surely be rejected
if it wasn't retyped.

Hetherington, however, was eager to submit his work.
"Changing the paper to the impersonal seemed too difficult
now that it was all written and typed," Hetherington said in
the book "More Random Walks in Science" (CRC Press,
1982). "Therefore, after an evening's thought, I simply
asked the secretary to change the title page to include the
name of the family cat."

Of course, Chester's name was too well known to Hether-
ington's friends and colleagues, so an alias would be neces-
sary. He settled on F.D.C. Willard — F.D.C. being an acro-
nym for Felis Domesticus Chester, and Willard being the
name of Chester's tomcat father.

And so, on Nov. 24, 1975, the paper co-authored by Heth-
erington and his cat was published in the 35th issue of
Physical Review Letters.
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Many of Hetherington's colleagues knew about the ruse, it
turned out, and few seemed to care. Michigan State's phys-
ics department head, for one, embraced the feline decep-
tion. "The chairman... was able to inflate some statistic re-
quested by the administration by including Willard among
the published authors from the Physics department,"” Heth-
erington wrote in a letter. "I'm not sure if it helped or hin-
dered my own grant-getting efforts."

Chester's true identity was ultimately revealed when a stu-
dent went looking for Hetherington with a question about
the paper; when Hetherington couldn't be found, the stu-
dent asked to speak with Willard instead. "Everyone
laughed and soon the cat was out of the bag," Hetherington
wrote.

Chester the cat subsequently retired from science, but his
alias took on a life of its own. Several years later, a French
paper on helium-3 appeared in the journal La Recher-
che under a single author's name: F.D.C. Willard. (Appar-
ently, Hetherington wrote, the actual research team could
not agree on a version of the paper that satisfied them all,
so they decided to credit America's best-published cat in-
stead.)

As of today, Chester's paper on helium-3 has been cit-
ed more than 50 times, and a menagerie of nonhuman
study authors have followed in his formidable paw-steps. In
1978, immunologist and apparent "Lord of The Rings" fan
Polly Matzinger co-authored a paper with one Galadriel
Mirkwood — the nickname of her trusty Afghan hound. More
recently, in 2001, a paper on gyroscopes authored by A.K.
Geim and H.A.M.S. ter Tisha appeared in the jour-
nal Physica B: Condensed Matter. Geim won a Nobel Prize in
2010 for co-discovering graphene. Tisha was his pet ham-
ster.

(Brandon Specktor, Senior Writer / LIVESCIENCE, February
8, 2018, https://www.livescience.com/61698-cat-authors-
physics-paper.html?utm source=ls-

newslet-

ter&utm medium=email&utm campaign=20180208-Is)
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KukAogpopnoe To Teuxog #153 Tou Newsletter Tou Geo-
engineer.org (®eBpouapiou 2018) pe MNOAAEG XPROIMEG
nAnpo@opieg yia 0Aa Ta BEuATa TNG YEWHNXAVIKAG. YnevOu-
MiCeTar oTI To Newsletter ekdideTal and Tov ouvadeA®o Kal
HENOG Nng EEEETM AnunTeNn Z€KKO
(secretariat@geoengineer.org).

EvOeIkTIKG ava@épovTal:

e Landslide hits a bus in Colombia, killing 13

e The ISSMGE International Journal of Geoengineering
Case Histories announces its Social Media Presence

e Bridge collapses in Colombia killing at least nine (video)

e FHWA publishes research report on Spread Footings for
Highway Bridges

e California gets hit by deadly mudslides

e Singapore's deepest transmission cable tunnel system is
almost ready

e Huge crack spreading on Washington's Rattlesnake
Ridge prompts evacuations (video)

e Final Investigative Report Explaining The Orroville Dam
Spillway Damage in February 2017 Released

e 75,000 people evacuated as Mount Mayon volcano
erupts in Philippines (video)

http://campaign.r20.constantcontact.com/render?m=11013
04736672&ca=5bf6ald4-e8d4-4a23-9f5a-746955479%aad

o3 O

GEOSYNTH [{'['ifl.'.‘é

NN

AN OFFICINL JOURNAL OF TIIE IGS

TA NEA THZ EEEEI'M - Ap. 111 - ®EBPOYAPIOZ 2018

KukAogpopnoe To Telxog 1 Tou ToOpou 25 Tou nePIOdIKOU
GEOSYNTHETICS INTERNATIONAL pe Ta NapakaTw NePIEXO-
Heva:

Experimental evaluation of geomembrane/geotextile inter-
face as base isolating system, V. Kalpakci, A. T. Bonab, M.
Y. Ozkan, Z. Gulerce, 25(1), pp. 1-11

Serviceability state deformation behaviour of two-tiered
geosynthetic reinforced soil walls, C. Yoo, 25(1), pp. 12-25

Performance evaluation of full-scale geosynthetic reinforced
flexible pavement, Q. Chen,S. Hanandeh, M. Abu-
Farsakh, L. Mohammad, 25(1), pp. 26-36

Geosynthetic reinforcement of pile-supported
embankments, R. Girout, M. Blanc, L. Thorel, D. Dias,
25(1), pp. 37-49

Practical approach to predict the shear strength of fibre-
reinforced clay, M. Mirzababaei, M. Mohamed, A.
Arulrajah, S. Horpibulsuk, V. Anggraini, 25(1), pp. 50-66

Methodology to evaluate hydraulic compatibility of geotex-
tile and RCA in underdrain systems, A. Abbaspour, B. F.
Tanyu, A. H. Aydilek, A. Y. Dayioglu, 25(1), pp. 67-84

Durability of reinforced PVC-P geomembranes installed in
reservoirs in eastern Spain, M. Blanco, N. Touze-Foltz, M.
Pérez Sanchez, M. Redon-Santafe, F. J. Sdnchez Romero, J.
B. Torregrosa Soler, F. A. Zapata Raboso, 25(1), pp. 85-97

Long-term response and design of two geosynthetics: effect
of field installation damage, M. Pinho-Lopes, A. M. Paula, M.
L. Lopes, 25(1), pp. 98-117
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https://www.sciencedirect.com/journal/geotextiles-

and-geomembranes/vol/46/issue/1

KukAho@opnoe 1o Teuxo¢ 1 Tou TOpou 46 Tou nepIodikoU
Geotextiles and Geomembranes pe Ta napakdTw nepiexope-
va:

Strength characteristics of soilbags under inclined loads, Si-
Hong Liu, Fan Jia, Chao-Min Shen, Li-Ping Weng, Pages 1-
10

Centrifuge modeling of the geotextile reinforced slope sub-
ject to drawdown, Fangyue Luo, Ga Zhang, Yang Liu,
Changhui Ma, Pages 11-21

Laboratory and numerical modeling of strip footing on geo-
textile-reinforced sand with cement-treated interface, Ahad
Ouria, Arsam Mahmoudi, Pages 29-3

Seismic behavior of geosynthetic encased columns and or-
dinary stone columns, C. Cengiz, E. Gller, Pages 40-51
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Failure analysis of a geomembrane lined reservoir embank-
ment, Riya Bhowmik, J.T. Shahu, Manoj Datta, Pages 52-65

Laboratory tests on the engineering properties of sensor-
enabled geobelts (SEGB), Xin-zhuang Cui, She-giang Cui,
Qing Jin, Yi-lin Wang, ... Zhong-xiao Wang, Pages 66-76

Study of the behavior of mechanically stabilized earth (MSE)
walls subjected to differential settlements, Mohammad
Rafat Sadat, Jie Huang, Sazzad Bin-Shafique, Sepehr
Rezaeimalek, Pages 77-90

A laboratory investigation on the impact resistance of a wo-
ven geotextile, Ehsan Izadi, Tijl Decraene, Steven De
Strijcker, Adam Bezuijen, Dirk Vinckier, Pages 91-100

Calculating local geomembrane strains from a single gravel
particle with thin plate theory, H.M.G. Eldesouky, R.W.I.
Brachman, Pages 101-110

Strain distribution along geogrid-reinforced asphalt overlays
under traffic loading, N.S. Correia, J.G. Zornberg, Pages
111-120

Technical Note

A comparison of the performances of polypropylene and
rubber fibers in completely decomposed granite, R. Fu,
Béatrice A. Baudet, B.N. Madhusudhan, M.R. Coop, Pages
22-28
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EKTEAEZTIKH ENITPONH EEEENM (2015 - 2018)

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

A’ AvTinpoedpog Mavayiotng BETTAS, MoAITIkOG Mnxavikog, OMIAOZ TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

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

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

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

'EQopog : Mwpyog MMNEAOKAS, Ap. MoAITIkog Mnxavikog, Enikoupog Kabnyntng TEI ABrvag
gbelokas@teiath.gr, gbelokas@gmail.com

MéEAn : Avdpeag ANATNQZTOMOYAOS, Ap. MoAITIkog Mnxavikdg, OudTInog KadnynTrg 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.M.
mpanta@central.ntua.gr

AvanAnpwuariko
MéANog : KwvoTavTivog IRANNIAHZ, MoAimikdg Mnxavikog, EAAOOMHXANIKH A.E.
kioannidis@edafomichaniki.gr

Ek3OTNC : XpnoTog TEATZANIOOE, Ap. MoOAITIKOS Mnxavikoc, MANFAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr
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Topéag MEWTEXVIKAG TnA. 210.7723434

ZXOAH NMNOAITIKQN MHXANIKQN Tot. 210.7723428

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