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EAAHNIKH
EMEZTHMONIKH

“ & FEQTEXNIKHE

MHXANIKHX

20 Xpovia «Aenvaikn AIdAeEn
FemTeXVIKAG MNXavikng»

O Beopdg TnG ABnvaiknig AIGAeENG MewTeXVIKNG MNXAVIKNG TNG
EAANVIKAC EmoTnuovikng ETaipeiac Eda@opnxavikng kai Mrew-
TEXVIKNG Mnxaviknig (EEEEIM) cupunAnpwvel e@étog 20 Xpo-
via. MponyoUpevol opIANTEG unnp&av oplopévol and Toug nio
OIAKEKPIPEVOUG YEWTEXVIKOUG MNXavikoUg otnv EAAGda kai
naykoopiwg. O1 oOMIANTEG Nou €xouv dwael TNV ABnvaikn 51a-
AEEN WEXPI OfuEPQ €ival ol:

1": Harry Poulos Tov Iavoudapio 2000
«Piled Raft Foundations — Design and Applications»

2": Robert Mair Tov Iavoudpio 2002
«Tunneling — induced ground movements and their effects on
structures»

3": MNwpyog Mkalerag Tov deBpoudpio 2004

«ANANAeNidpacn ESApoug-OeuéAiou-KaTaokeung uno Suven-
keg Eda@ikng AogToxiag kal MeyaAwv MNapapoppwoswv: Néa
MpoTuna Euynveuopéva anod Tov Zeiopo Tng Nikopndeiag 1999»

41: Alain Pecker Tov Iavoudpio 2006
«Enhanced seismic design of shallow foundations-example of
the Rion - Antirrion bridge»

5n: Avdpéag AvayvwaTonouAog Tov MapTio 2008
«KaBignoeig enipaveiakwv BePeNI®OEWV»

6": John Burland Tov Iavoudapio 2010
«Interaction between geotechnical and structural engineers»

7": STépavog TaodToog Tov deBpoudpio 2012
«Alaxeipion Tng aBeBaidoTnTag otn MewTtexvikn Mnxavikni — O
poAog TnG Evopyavng MapakoAoUBnong kal Twv MeTproswv»

8": Nick Barton Tov ®gBpoudpio 2014
«Lessons learnt from Q and from tunnel and cavern design
and performance»

9": Ynupog Manaonupou Tov MapTio 2015
«Q0noeig Maiwv kar TexvoAoyia Kataokeung Aykupiwv oTov
EAANVIKO XWpo»

10": ZnUpog KaBouvidng Tov MapTtio 2016
«KaTtoAioBrioeig otnv EAAGda. Edagopnyavikn otnv npagn»

11": AnunTpng KoupouAog Tov MdpTio 2017
«[ewTeXVIKA AN0BECEWY ANOPPINPATWVS

12": Lidija Zdravkovic Tov Iavoudpio 2019
«Assessing the geotechnical risk associated with natural and
cut slopes»

Kal yia 1o 2020 oTic 7 Anpihiou Ba doBei n 13" ABnvaikn Aild-
AeEn ano Tov OpdTIHo Kabnyntn AMO kai Mpoedpo TnG Eupw-
naikng Evwong Zeiopikng Mnxavikng (EAEE) Kupialn MmIAdkn
pe B€pa «Enippor) Twv €da@IKWV OUVONKWV 0TA GEIGUIKA (POp-
Tia oxediaopou kal TNV osiopikn diakivdUveuon og KAipaka Te-
XVIKOU €pyou, NOANG Kal Xwpac».

‘Exel nAéov anogaacioTei 0TI and Tnv Npoaoexn dIAAEEN, OAEG ol
ABnvaikég AIaAEEEIG Ba BivTeookonoUvTal yia dpXelakoug Ad-
YOUG, €V TO OXETIKO APXEIO HE TNV payvnTookonnuévn did-
AeEn Ba avapTaTal kal oTnVv und avakaTaokeun 1I0ToggAida TNG
EEEEIM.

EAAHNIKH
EMEZTHMONIKH

~ & FEQTEXNIKHE

MHXANIKHX
ABnva, 6 MapTiou 2020
MPOZKAHZH

H EAAnvIkn EnmioTnuovikn ETaipeia Edagounxavikng kai New-
TEXVIKNG Mnxaviknig (EEEEMM) €xel Tnv TIUR va oag npooka-
Aéoegl oTnv

13" ABnvaikn AlaAeEn Me®TEXVIKNG MNXAvIKNAG

n onoia 6a doBei anod Tov Kupialn MimiAakn, OuoTiyo Kabn-
ynTh AMNO pe B€pa

Enippon TWV E5a@PIK®OV CUVONK®OV OTA CEICHIKA (PopTia
OXeSIAOHOU Kal TNV CEICHIKN S1aKIvOUVEUON O€ KAi-
HakKa TEXVIKOU €pyou, NOANG KAl X®pPag

H d1aAe€n Ba doBei atnv AiBouca TeAeTwv Tou KTipiou Aloikn-
ong Tou EBvikoU MetooBiou MoAuTtexveiou ortnv MoAuTe-
XvelounoAn Zwypagou Tnv TeTdptn 7 AnpiAiou 2020, wpa
18:30 (npoogAeuon and 18:00)

O Ipappatéacg
Ap . MMEAOKAX

O Mpoedpog
Ap M. MMNAPAANHZ

AOYyw kKopwvoioU n diaAe§n avaBaAAeral.

NepiAnyn
1375 AOnvaikng AIaAeEng FemTeXvikng Mnxavikng

210 nAaigio TnG avapopewaong Tou EC8 kai Tng avantugng Tou
EupwnaikoU WOVTEAOU OEIOUIKNG ENIKIVOUVOTNTAG Kal OEIoKI-
KRG dlakivduveuong (ESRM20), eEetalovTal katapynv ol ouy-
XPOVEG £E€AIEeIC TNV €nippor) Tou €3APOUG OTNV CEICHIKN a-
nokpion €dAPIKWV OXNUATIONWV KAl 0TA OEIOUIKA POPTia OXE-
dlaopoU TeEXVIKWV €pywv. AkoAoUBwc napoucialeTal yia veéa
npdTaon €dA@IKNG KATNYOPIONOIiNONG KAl EKTINNCNG CUVTEAE-
oTOV £dAPIKAG EVIOXUONG Nou eEapTwVTal anod Tnv £vTacn Tou
OEIOUIKO KpadagpoU. ITnV CUuVEXela napoucialovTtal v ou-
VTOMIia ol €EENIEEIC OTNV EKTINNON TNC TPWTOTNTAC KTIPIWV Kal
TEXVIKWV EPYWV PE BAON TIG EPEUVNTIKEG £pyaaieg Tou Epya-
otnpiou Edapoduvapikng kal FEWTEXVIKNAG SeIOHIKAG Mnxavi-
KnG Tou AMO. H guvBeon TwVv NPONyoOUHEVWV KATAARYEl OTNV
OUVONTIKN Napouciacn Tou MpoTelvOpevou EupwnaikoU po-
vTéAou oelodiknG diakivduveuong (ESRM20) kal Tou Tponou
ME TOV onoiov AauBAaveral unoywn n eNippor TwV ToNIKwV £da-
PIKOV OUVONKWV OTNV EKTINNON TNG OEIOUIKNG EMIKIVOUVOTN-
Tag. H OI1AA€EN kaTaAfyel e TNV nNapouaciacn €@Aappoy®v €-
KTiHNOoNG TNG ogiopikng diakivoUuveuong o€ d1IaPopeG KAIPAKEG.
Ano TNV KAipgaka TexvikoU £€pyou Kal IKTUWV UNodoNwV aTnV
kAipgaka noAng (Oeooalovikn, ABriva), xwpag (EAAAG), akdun
kal TnG Eupwnng.

Suvtopo Bioypa®ikd Kupialn MiTiIAdkn,

OpoTIHoU KaBnynTn AMO, Mpogdpou TnG Eupwnaikng ‘Evwong
Zeiopikng Mnxavikng (EAEE)

O OpodTipog KabnynTtng Kupiagng MmAdkng €ivalr anogoitog
Tou ApioToTeAgiou MavenioTnpiou ©@sgoaAovikng kal AIDAKTwpP
TnG Ecole Centrale de Paris. Ano Tov Iouvio Tou 2018 cival
Mpoedpog TNC Eupwnaikng 'Evwaong AVTICEIOHIKAG MNXavIKAG
(EAEE). AleTéAeoe Mpoedpog Tou Tunpatog MoAimikwv Mnxa-
VIKOV Tou AMO, Tou IvoTimouTou TeEXVIKAG Z€iopoAoyiag Kal
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AvTiogiopik®V Kataokeuwv (ITZAK), Tng Texvikng Enimponng
“Earthquake Geotechnical Engineering and Associated
Problems” (TC203) Tng Algbvolg 'Evwong Eda@ounxavikng
Kal FewTeXVIKAG MNxavikng, kalr Tou EAAnvikou Tunuartog A-
VTIOEIONIKAG MNnxavikng (ETAM). Ano 1o 2019 ival eNIOKENTNG
kabnyntng oto Tongji University, Shanghai-China, oto Inter-
national Joint Research Laboratory of Earthquake Engineer-
ing (ILEE). To epyacTiplo To onoio &xel dnuioupyrnoel oTo A-
pioToTéAelo MavenioTApio @scoalovikng ival anod Ta onuavTi-
KOTEPA OTO avTiKeigevo Tou otnv EAAGda kal Tnv Eupwnn, pe
guyxpovo £EOMNAICUO Kal MAoUCIO €PEUVNTIKO Kal £QApUO-
OHEVO €pyo OTNV €DA@OBUVAHIKN, TNV YEWTEXVIKH UNXAVIKH
Kdl TNV OEIOUIKN Pnxavikn. 'EXel ouvTovioel Kal CUUUETAOXE!
EVEPYWG O NOAAG onuavTika Eupwnaika kar EBvika gpeuvn-
TIKG npoypappaTta. MeTa&l Twv NAEovV eUBANUATIKWOV EPEUVN-
TIKQOV TOU €pywVv €ival n dnuioupyia kai n ouvexng and To
1995 AeiToupyia Tou gpeuvnTikoU nediou dokipwv EUROSEIS-
TEST 6nwg Kal 0 GUVTOVIOHOG TOU EPEUVNTIKOU NPoypAappaTog
SYNER-G. EEicou onpavTikég €ival kal ol diapopeg diebveig
Tou dpaocTnpIOTNTEG ONWG N dlopydvwaon oTnv OecoaAovikn
ToU 4° AlgBvoug Suvedpiou MEWTEXVIKNG ZEIOHIKNG MNXaVIKAG
To 2007 kai Tou 16° MaveupwnaikoU Zuvedpiou ZEIOHUIKAG
Mnxavikng 1o 2018. To ocuyypa®ikd Tou €pyo nepiAapBavel
nepioodTEPEG anod 600 enioTNHOVIKEG ONUOCIEVUCEIG OE ENIOTN-
HoVIKa Neplodikd, NpakTika diebvwv ouvedpiwv kail BiBAia nou
KaAUnTouv éva supU (pACHA AVTIKEIMEVWY OTNV €DdAgOpNnXa-
VIKR, TNV €da@oduVapiKnf, TNV YEWTEXVIKA MNXAVIKA Kal TNV
CEIoHIKNA UNnXavikr. AlaBetel nAoloia enayyeAPaTikn guneipia
otnv EANGDa kal To eEwTepikd Kal nAolaoia guneipia oTnv ou-
vTa&n avTICEIoNIKWV KAavovIoPwV, Tou Eupwkwdika 8 gupne-
pIAapBavopévou. 'Exel unap&el ekdoTng (editor) Teooapwv BI-
BAiwv oTov €kdoTIKO 0iko Springer g€ BepaTa OXETIKA WE TNV
OEIONIKA WNXavikn, €ival géEAog NAABOUG €NICTNHOVIK®WV €ni-
TPONWV OUVEDPIWV KAl CUVTAKTIKWV EMITPONWV MNEPIODIKWY,
Kal KpITNAg d1eBvouc eUBEAEIAG ENIOTAMOVIK®V NEPIOdIKWV. 'E-
XEl NpookANBel wg KUPIOG OMIANTAG 0€ NARBOG €BVIKWV Kal
d1EBvV ouvedpiwv. PoITNTEG TOU KATEXOUV ONUAVTIKEC aKa-
Onpaikég Beoelg 0g NOAAG NAVENIOTAKIA KAl EPEUVNTIKA IVOTI-
ToUTa otnv EAAGDa kal To eEwTeEPIKO. IMa TN GUVOAIKN TOU OU-
VEIOPOPA TNV €NICTAKN TIMABNKE To 2007 and Tnv FaAAikn
AnuokpaTia Ye To napdacnuo Tou InnoTn Tou doivika Twv A-
kadnuaikwv Mpappdtwv (Chevalier dans I'Ordre des Palmes
Academiques).
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APOPA

Doha Metro, Gold Line Project - Box Jacking/
Pushing Method for Tunnel Construction in Rock

Spyridon Konstantis & Spyros Massinas
ABSTRACT

The case of a box pushing tunnelling method in rock, on Doha
Metro Gold Line project, successfully implemented to connect
multiple entrance structures of Sport City station under a live
traffic junction, in a heavy urban environment and under very
shallow overburden is presented. Due to the size of the un-
derpasses, the need to maintain uninterrupted traffic and the
time-consuming utility diversions and reinstatement, the use
of conventional NATM and Cut and Cover methods were as-
sessed as either non-feasible or of high risk. The dimensions
of the unsupported span, the encountered geotechnical con-
ditions, the development of the settlements at road level and
the box advance rate are presented.

Keywords: Tunnel, Box Pushing, Rock, Ram forces, Advance
Rate

1 INTRODUCTION

The Doha Metro Gold Line Underground project is part of the
rail network developed for the State of Qatar and was com-
missioned on 21st November 2019. The line crosses the cen-
tre of Doha (see Figure 1) and includes 11 underground sta-
tions (Msheireb interchange station is constructed by others),
underground stabling facilities, approximately 15 km of 7.1
m diameter twin tunnels excavated with 6 EPB TBMs and 24
cross passages. The project was awarded to ALYSJ Joint Ven-
ture, formed by Aktor of Greece, Larsen & Toubro of India,
Yapi Merkezi & STFA of Turkey and Al Jaber Engineering of
Qatar. Sport City station, one of the major Gold Line stations,
is located next to a major highway junction along Al Waab
Street and in close proximity to the Khalifa Stadium. It has
been designed and constructed as an event station to serve
major athletic events and thus cater for the increased rid-
ership. The configuration of the station required pedestrian
access to be provided to the station via subways passing un-
der each of these roads and hence the construction of three
pedestrian underpasses serving the three quadrants of the
junction (see Figure 2).
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Figure 1 Gold Line overview map

The subway dimensions were selected to cater for the peak
pedestrian traffic flows expected during sporting events and
allow the installation of travellators and mechanical, electrical
and plumbing (MEP) equipment. The required internal dimen-
sions and lengths of the subways were: Subway 1: 13.1m
width, 7.9m height and 80m length, and Subways 2 & 3:
7.9m width, 6.9m height and 50m length each.

1.1 Geology

The geological model of the area was developed based on

ground investigation boreholes. The profile consisted of made
ground and residual soil deposits to a maximum depth of 2.6
to 3 m (locally in areas of existing utilities the depth was up
to 4m), followed by the upper Dammam formation and the
Midra Shale below the base of the subways. The Dammam
formation consists of the Simsima limestone which can be
met on site in different weathering condition (from slight to
moderate - extremely weak to very weak and moderately
strong, light yellowish brown to greyish brown, dolomitic
Limestone with pockets of silt/clay). The subways were con-
structed inside the moderate weathered Simsima limestone
having a Young’s modulus of 1GPa and a GSI range from 45
to 55. Figure 3 presents the geological profile along subway
1. The overburden height in Subway 1 varied from 3.5m to
maximum 5m, while under Al Waab street the mean over-
burden height was only 4m. In Subway 2 the overburden
height was 6m and in Subway 3 it varied from 4m to ém.
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Figure 2 Sport City station configuration
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Figure 3 Geological profile along subway 1

1.2 Existing Utilities

Existing services were identified above the subways and
within the zone of influence of the works, including TSE, foul
sewer and potable water pipes, either INR, ductile iron or
HDPE, ranging in diameter from 300 to 800mm (see Figure
4). The identified utilities were documented, assessed for ad-
verse impact, continuously monitored and protected when
deemed necessary. In one case, a steel utility bridge was
constructed to support a pipe, transversely crossing the un-
derpass.

1.3 Original Design

As per the original design proposed by the Contractor, the
cut and cover construction method was to be adopted for

TA NEA THZ EEEEI'M - Ap. 135 - ®EBPOYAPIOZ 2020



each of the subways, which however inevitably involved im-
plementation of temporary traffic management schemes,
lanes closures and diversions. Due to the close proximity of
the station to the highway junction, a preliminary traffic im-
pact assessment report indicated that this would lead to sig-
nificant traffic disruptions not only at the Sport City junction
but also in the surrounding areas and in part due to other
concurrent construction activities across the city. That would
lead to non-compliance with the contractual requirement to
‘KEEP DOHA MOVING’ (Qatar Railways Company, Employers
Requirements) and hence, alternative solutions were sought

and considered to avoid traffic disruptions and public nui-
sance and disturbance. The first construction method consid-
ered was the mined tunnel construction with conventional
method (SCL/SEM/NATM), however this was excluded as an
option due to geometrical constraints arising from the large
size of the subways and the limited available ground cover
(very low overburden height) of soil type formations. From a
geological and geotechnical perspective, the underpasses
would be excavated and constructed inside weathered and
relatively weak limestone rock overlaid by made ground.
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Figure 4 Longitudinal section of Subway 1 with utilities location

Design and construction related issues aside, a major con-
straint and decisive factor was also the very tight construc-
tion schedule with limited available activities duration and
float. Following a rigorous comparative risk assessment, the
box jacking/pushing method was selected for the three sub-
ways passing below the highways (see Figure 2), which was
awarded by the Contractor to a specialist subcontractor,
Petrucco of Italy. Most if not all of the recorded box jack-
ing/pushing cases are in soil formation and therefore the pre-
vailing ground conditions (weak rock) in Sport City resulted
in a unique construction method (excavate and push rather
than push inside the ground and excavate inside the box), a
first in the Middle East region, and as per authors’ knowledge
unique worldwide. In the following, the design scheme and
construction sequence is presented, together with detailed
design inputs for the jacking loads, settlement analysis,
ground stability and structural analysis. In addition, the chal-
lenges faced during construction are also presented, includ-
ing settlement protection of utilities, effects of over excava-
tion and lessons learnt. The subways were successfully con-
structed between 2016 and 2017 with no disruption to traffic.

2 DESIGN SCHEME AND GENERAL CONSTRUCTION SE-
QUENCE

The three jack box tunnels, consisting of a number of precast
reinforced concrete segments, were constructed in launch
pits positioned in such a way that they were laid either along
the alignment of the pedestrian walkway or were located
within the subway entrance profile. This allowed the excava-
tion space to be re-used and reduced the construction pro-
gramme. During construction of the jack box subways sev-
eral segments were under construction simultaneously to re-
duce the total construction time. The segments were con-
structed sequentially and once completed, they were laterally
jacked to the excavation face from where they were jacked
into their final position (see Figure 5).

A summary of the construction sequence is as follow;

1) Excavate the launch pit to formation level and cast smooth
concrete slab; 2) Cast first segment, reaction block and jack
installations; 3) Excavate front face, lay sand on the base,
shotcrete for any over excavation, and begin pushing se-
quence. Install ground beams as required to control align-

ment. Excavation was limited to 500mm advancement length
under the existing utilities in close vicinity with the box roof
(until the segment overcame the full width of the utility pipes
trenches). For more competent rock (see Figure 6) the exca-
vation length increased up to 1m and even to 2m. Overexca-
vation was limited up to 20mm when underpassing critical
utilities, while above 50mm, shotcrete was applied before
jacking. The face was excavated in phases before the next
push, i.e. first the left and right parts and then the middle
part which acted as a buttress (see Figure 7). Above steps
were repeated; 4) Concurrent with first segment pushing,
next segments were cast in the launch pit (see Figure 5); 5)
Dismantle the jack array and slide laterally the next segment
into position; 6) Reassemble the jacking array and begin the
pushing sequence again. Steps were repeated until all seg-
ments were in the final position; 7) Cast box segment stich
details; 8) Connect jack box subways to cut and cover station
box and entrance structures.
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Figure 5 Subway 1 construction: Segments layout drawing
and Box jacking sequence (top) and aerial photo (down).
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Figure 6 Example of Face Mapping on Subway 1 for good rock conditions at the face

Right part under excavation

Middia pant under axcavation Full excavated step and sholcreled before

pushing

Figure 7 Excavation sequence with shotcrete application to
control over-excavation
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3 CONCRETE SEGMENTS DETAILS

A major risk associated with the box pushing method is the
potential for the box segments to be “trapped” due to the
friction between the segments and ground, resulting in major
impacts for the construction programme. Several measures
were adopted to reduce this risk. Firstly, intermediate jacks
were located between the box segments to allow the seg-
ments to be pushed individually (intermediate jacking sta-
tions every 20m of underpass), reducing the loads and
providing construction flexibility. The adjoining segments
were also connected with 20mm thick steel plates anchored
into the segment with shear studs that could slide freely to
open and closed positions (see Figure 8). The steel plates
acted to restrain the segments from becoming misaligned
and in addition assisted to avoid the segments jack-knifing.

A protection shield (see Figure 9, left) all around the front
part of the first segment was constructed. This shield was
designed to reinforce the front part against any falling rocks
and accidental damages during the excavation. The shield ar-
rangement allowed the construction teams to reach the
whole perimeter of the excavation using hammers or mills or
use small hand-hammers to refine the excavation profile. It
was also designed to be easily removable and allow the
teams to reach the structural couplers that were positioned
underneath it without damaging or cracking the concrete
structure.

3 #19/250 mm
EVERY 1000 mm

WALL %
"

POCKET AS —
PER ATKINS

et | DESING
- il
-

=l | =
—1 y b aamnd
g HASE LA | T
, | W
r 1 | ll
P T S | N
401 130 105 | |2 W
N ] B |l 20
3 019/25C mm
EVERY 1000 mer FUSH DIRECTICH

DESING

THICKNESS 20 mm

J 800
i STEEL SHEET PUSH DIRECTICN

2 #19/250 mm
EVERY 1000 mn

Figure 8 Detailed arrangement for intermediate (left) and for non-intermediate (right) jacking station.
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Figure 9 Detailed arrangement of front shield (left) and photographs during construction (right) (Inside Subway 1, top; final
breakthrough, bottom; Protection shield is visible at the front part)

4 JACKING LOADS

In order to minimise or even eliminate the risk of the seg-
ments being ‘jammed’ during the pushing operations (which
would have very adverse impact on the construction pro-
gress), it was considered necessary to be conservative with
the determination of the maximum capacity for pushing the
segments and hence ensure that there would be sufficient
jacking force with available safety margin. This was achieved
by calculating the maximum jacking forces based on the fric-
tional resistance of the ground applied to the roof, walls and
base slab i.e. the total perimeter. Based on the experience

100,000
90,000

80,000

JACKING FORCE CAPACITY

presented by Petrucco, a coefficient of friction of 0.5 was
adopted and applied. The front segment S1 was placed 3m
away from the entry point into the ground in order to verify
the adopted friction coefficient. The hydraulic jacks were
grouped and housed together in steel cradles and positioned
to apply loads only to the base slabs.

Figure 10 presents the recorded forces of the jacking rams
(main rams with counteraction on the reaction wall and in-
termediate rams between the segments every 20m). The
‘saw’ scheme of the recorded values is due to overcoming the
friction before sliding of the segment in each jacking step.

EXPECTED VS ACTUAL APPLIED JACKING FORCES - SUBWAY 1 (or UNDERPASS A)

—=—Jacking Capacity
—e—Expected Force
——UNDERPASS A (51) - JACKING FORCES RECORDS
UNDERPASS A (52)- JACKING FORCES RECORDS
—~UNDERPASS A (52&53)- JACKING FORCES RECORDS
——UNDERPASS A (54)- JACKING FORCES RECORDS
——UNDERPASS A (S4&S5)- JACKING FORCES RECORDS
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Figure 10 Hydraulic jacks — Designed vs Actual applied forces in each jacking station
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5 DETAILED DESIGN OF THE CONCRETE SEGMENTS

The relatively high ground stiffness, compared to the more
softer ground conditions where the jack box method is tradi-
tionally used, meant that the construction methodology and
design would have to be modified. Firstly, it would not be
possible to push the cutting knife of the first pushed segment
into the ground during the pushing sequences. The excava-
tion had therefore to take place in advance of the cutting
knife and be larger than the box perimeter to facilitate the
jack box pushing sequence. The over excavation could have
adverse impact on the surface settlements and it was in-
tended therefore to be limited. The proposed solution was to
limit the advance excavation and to use shotcrete to fill any
over excavations around the perimeter. This sequence of
events required a design verification that the ground would
be self-supporting and the magnitude of the surface settle-
ments within acceptable limits. In addition and due to the use
of shotcrete for over excavation limitation, additional design
verifications had to be carried out for the worst case of shot-
crete bonding to the box perimeter. A 3-D solid element soil-
structure interaction finite element model (FEM), incorporat-
ing all construction sequences, was adopted in the commer-
cially available software LUSAS (see Figure 11, left). A shear
strength reduction analysis was adopted to verify the factor
of safety of the cutting face slope with a factor of safety of
1.25. The results of the analysis proved that a 300 to 500mm
excavation advancement would provide adequate safety and
limit settlements to within acceptable limits. For face stabil-
ity, a 60 slope was recommended to be adopted, however it
was also proven through the analysis that a 75 slope could
also be safely adopted, to allow for construction tolerances
and provide a safe minimum angle.

Figure 11 Soil-structure interaction model showing vertical
displacement contours (left), and, 3D shell element model
showing axial stresses induced by jacking loads (right)

A series of numerical analysis was carried out with a variety
of geotechnical parameters to create an envelope of the
stress state in the concrete segments. For example the case
of no lateral ground loads due to over excavation has been
examined. This load combination was critical for the design
of the roof slab to limit the crack widths within contract’s
specifications. To cover the case with full lateral loads due to
grouting through grout sockets embedded in the walls, roof
and base slabs another load combination with a K=0.9 was
adopted. It is noted that contact grouting was applied in the
perimeter only after the final breakthrough. To verify the
global behaviour of the box segments subjected to the max-
imum capacity of the jacks, a second 3-D model was built,
adopting shell elements (see Figure 11, right). The loads
were applied to the base slab and the frictional resistance to
the perimeter of the model. Subsequent stress checks were
made to ensure that the section did not exceed the allowable
tensile capacity of the concrete and bursting reinforcement
was added to each base slab (EN 1991-1-2004. Design of
Concrete Structures). As mentioned above, additional design
verifications were carried out for the worst case of shotcrete
bonding to the box perimeter. The minimum concrete cover
to reinforcement was 55mm as required for durability on the
external face. An additional 30mm was provided as sacrificial
concrete for abrasion based on previous experience, equating
to a total cover of 85mm.

6 INSTRUMENTATION AND MONITORING (I&M)

Due to the criticality of the box pushing operations being con-
tinuously carried out under a busy carriageway and live util-
ities with limited overburden, a robust real-time instrumen-
tation and monitoring regime was installed, comprising level
points installed near utility trenches, extensometers and as-
phalt road points (see Figure 12a).
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Figure 12 I&M Plan with settlement section lines (top) and
measured surface settlements transverse to the box push-
ing operation (down) - Subway 1

Prior to the commencement of the box pushing operations, it
was identified through site surveys and determined from the
analysis, that the first set of utilities to be encountered lo-
cated below the service road (see Figure 4) would require
appropriate protection as diversion was not an option due to
schedule constraints. Further investigations and liaison with
the utility owners, revealed that only one set of utilities was
live and had to be protected. It was consequently decided to
protect these live utilities and suspend them from a utility
steel bridge, given also the poor compaction level of the
trench backfill identified through site investigations. As fore-
seen and anticipated (see Figure 12, right and Figure 13), the
backfill of these utilities trenches exhibited increased settle-
ments - mainly attributed to the low rock cover in this area
and possibly the dynamic compaction of the backfill during
the hammer and road-header excavation. However no ad-
verse impact was experienced by the live utilities protected
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by the steel bridge.

From the ground settlement results, it can be seen from the
section lines above the asphalt road where the rock cover
was in the order of 3-4 m (excluding the sections above the
utilities and adjacent to these due to the proximity interac-
tion) that the overlying rock exhibited a ‘bridge’ response
with a remarkable deformation line similar to a loaded ‘re-
strained beam’. In the very limited cases where ground de-
formations exceeded the allowable limits or caused damage

a 5 10 15 20

Lo Chalnagelm]
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| | !
i

to the surface areas and paved roads, those were reinstated
by ALYS] V.

The overexcavation above the roof of the pre-cast boxes, was
the main parameter for controlling the development and the
magnitude of the surface settlements. The rock quality (mod-
erate weathered Simsima limestone with Young’s modulus
stiffness of 1 GPa and GSI range of 45 to 55) proved compe-
tent with increased “stand up time” while the maximum ac-
tual overexcavation varied between 50mm and 100mm.
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Figure 13 Measured surface settlements along Subway 1

7 CONCLUSION

Despite the tight and challenging schedule constraints and
the low cover, the box pushing operations were concluded
successfully and the settlements and ground deformations
were within the acceptable levels. It was remarkable to ob-
serve the behaviour of the rock mass for the unsupported
length. Through the application of the box pushing construc-
tion method, there was no disturbance and negative impact
on the high traffic volume and the construction works were
completed prior to the contractual milestone.
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Preliminary report on the ground effects
of the November 26, 2019, Albania
earthquake

1 Introduction

This report summarizes the field observations performed by members of the Earthquake Geology Research
Team of the Department of Geology (Aristotle University of Thessaloniki, Greece - AUTh) in collaboration with
colleagues from the Polytechnic University of Tirana (UPT) and the associated Institute of Geosciences,
Energy, Water and Environment (IGEWE), as shown in Table 1.

Department of Geology AUTh Polytechnic University of Tirana
Spyros Pavlides, Prof. Emeritus Arjan Beqiraj, Prof. (UPT)

Alexandros Chatzipetros, Assoc. Prof. Ylber Muceku, Assoc. Prof. (IGEWE)

George Georgiadis, M5c, PhD student Hamza Reci (IGEWE)

Ilias Lazos, MSc, PhD student
TABLE 1. MEMBERS OF THE RESEARCH TEAM FROM BOTH INSTITUTES INVOLVED IN THIS REPORT.

Fieldwork has taken place during the period immediately after the earthquake and until early January 2020.
The main ground effects of this earthquake consist of mainly soil liquefaction and secondary lateral spreading
in specific areas, accompanied with limited rockfalls and landslides.

2 Earthquake properties

The earthquake had a magnitude of 6.4, although different magnitudes and source characteristics are given by
various institutes (Figure 1). As is evident from the beachballs, the event was an almost purely compressional
one. Previous studies in the area, based mainly on seimic tomography data, indicate a low-angle basal thrust
dipping towards the NE and at least one steep backthrust dipping towards the SW. This structural
manifestation is in good agreement with the focal mechanisms of Figure 1.

The area is characterized by contraction, as it is the outermost continental thrust belt of the Albanides. The
main indications of contraction in the area, apart from focal mechanisms of recorded earthquakes, are a series
of NW-SE trending fold axes that are parallel to each other and perpendicular to the inferred active maximum
stress axis (o). Thrusts, which also accommodate this contractional tectonic regime, are typicall not reaching
the surface and are considered to be blind ones, forming the core of the mapped anticlines. Given also that
the epicentral depth was high (>20 km), the structure of the area is consistent with the observed ground
effects that are in their entirety secondary induced ones. Primary effects (i.e. fault ruptures) were ont
observed in the affected area.

Widespread damage was observed in buildings throughout the meisoseismal area. The most severe cases were
the collapse of hotels and residential buildings in Durrés and Thumané, which unfortunately led to human loss.
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—— Political boundaries
—— Teclonic plates boundaries

FIGURE 1. FOCAL MECHANISMS AND ASSOCIATED EPICENTRES OF THE MAIN SHOCK, AS GIVEN BY VARIOUS INSTITUTES
(SouRrce: EMSC).

3 Distribution of effects
The effects are mainly distributed in three areas of particularly poor geotechnical properties (Figure 2):

1. Area 1: Durrés Beach.
2. Area 2: Rrushkull area.
3. Area 3: Fushé Kuge area.

The following paragraphs summarize in brief the ground effects in each area.
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FIGURE 2. GENERALIZED LOCATION MAP OF THE AREAS IN WHICH LIQUEFACTION WAS OBSERVED: 1. DURRES BEACH, 2:
RRUSHKULL AREA, 3: FUSHE KUQE AREA.

3.1 Durrés beach

The most severe damages in the area of Durrés were observed in the area bordering the beach, SE of the city.
Three hotels collapsed (Miramare Hotel, Vila Verde and Lubjana Hotel), and several more buildings were
damaged beyond repair (Figure 3, Figure 4 and Figure 5). At least one of the cases (Miramare Hotel), the
collapse is associated with liquefaction, as is evident from the ejected sand (Figure 6).

In this case, damages may be associated with poor geotechnical conditions, as the buildings are built on
coastal sand deposits with a very shallow water table. The varied response to the earthquake (i.e. destroyed
buildings next to intact ones) is an indication of differentiated build quality, which may also have played a
significant role in the distribution of damages.

FIGURE 3. SITE OF THE COLLAPSED MIRAMARE HOTEL IN FIGURE 4. SITE OF VILA VERDE HOTEL IN DURRES BEACH,
DURRES BEACH.
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FIGURE 5. EXAMPLE OF A DAMAGED BUILDING IN DURRES FIGURE 6. LIQUEFIED EJECTA AT THE COLLAPSED
BEACH. DAMAGE OF LOWER FLOORS IN HIGH-RISING MIRAMARE HOTEL SITE.

BUILDINGS WAS COMMON DUE TO THE SITE-SPECIFIC STRONG

MOTION PROPERTIES.

3.2 Rrushkull area

This is a flat area that is controlled by the interaction of the meandering river and the coast. Satellite images
show a clear interplay between the river and the coast development. The flat morphology has led to the
deposition of loose fine to medium grained alluvial sediments. In these sediments widespread liquefaction was
observed, together with lateral spreading along the riverbanks.

Liquefaction was frequently observed along cracks (Figure 7 and Figure 8), while in other cases the source of
the liquefied sand was not possible to be identified. In any case, the sand was of the same properties, (i.e.
grain size, color, etc.), which is consistent with previous geotechnical investigation in the broader area, which
indicates that layers of fine light gray sand are present throughout the area.

Of particular importance in this area are the lateral spreading effects that were observed along the riverbanks
(Figure 9 and Figure 10). The location of the main ones is shown in Figure 11. They are mostly parallel to the
riverbanks and are attributed to local failures due to the shaking during the earthquake.

The most prominent of those crack sets is observed at the area close to the estuary (Figure 12), where a
complex set of cracks accompanied by liquefied ejected sand has been formed.

The cracks had a general trend parallel / subparallel to the riverbank (NE-SW), while the longest (northern
branch) show a rather uniform displacement vector towards the NW. A small vertical displacement of up to 15
cm is also evident in some cases along the crack (Figure 13 to Figure 16).
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FIGURE 8. EXAMPLE OF LIQUEFIED SAND IN THE FIELDS
SW OF RRUSHKULL.

FIGURE 9. TYPICAL LATERAL SPREADING ALONG THE FiGURE 10. LATERAL SPREADING ALONG THE RIVERBANKS
RIVERBANKS IN RRUSHKULL AREA. IN RRUSHKULL AREA.
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Google Earth

FIGURE 11. LOCATION OF LATERAL SPREADING CRACKS (YELLOW LINES) ALONG THE BANKS OF THE RIVER SOUTH OF
RRUSHKULL.

Google Ea rth

FIGURE 12. MAPPED LATERAL SPREADING NEAR THE RIVER EASTUARY IN AREA 2. LIQUEFACTION WAS WIDESPREAD ALONG
THE SOUTHERN BRANCHES.

7
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FIGURE 14. DETAIL OF EJECTED SAND ALONG A CRACK.

FIGURE 13. PART OF THE SOUTHERN BRANCHES OF THE
LATERAL SPREADING NEAR THE RIVER ESTUARY.

¥ : L e i SR Tl
FIGURE 15. PART OF THE CRACK SET, CLOSE TO THE FIGURE 16. VERTICAL DISPLACEMENT OF UP TO 15 CM
RIVERBANKS NEAR THE ESTUARY. WAS EVIDENT IN CERTAIN PLACES ALONG THE CRACK.
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3.3 Fushé Kuge area

This area has many common geological-geotechnical characteristics with the Rrushkull one. A shallow water
table is developed in alluvial deposits, with the main difference being the existence of gravels that can be
seen in a gravel pit next to the river north of Guréz village. In this area, liquefaction was observed in the
fields, as well as in the area of boreholes (Figure 17). In one case, which the only site where this was

observed, liquefaction caused the ejection of not only sand, but gravel as well (Figure 18). A sample from this
site is currently under analysis.

FIGURE 18. ACCORDING TO REPORTS, LIQUEFACTION AT
THIS SITE STARTED WITH GRAVELS THAT WERE EJECTED
FIRST, FOLLOWED BY SAND. THE SAMPLING SITE IS ALSO
VISIBLE.

FIiGURE 17. LIQUEFIED SAND IN GUREZ AREA.

Along the coast of Patok Lagoon some limited surface cracks (Figure 19) and lateral spreading (Figure 20) were
also observed, but the are interpreted as secondary features due to poor geotechnical conditions with no
direct association with primary earthquake effects.

According to sime reports from local fishermen, some liquefaction phenomena were also observed at the
beach west of Adriatik village, however this has not been able to confirm due to very difficult approach and
time constraints.
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FIGURE 19. A CRACK AT A PARKING LOT NEXT TO PATOK FI1GURE 20. SMALL-SCALE MASS MOVEMENT DUE TO
LAGOON. LATERAL SPREADING NEXT TO PATOK LAGOON.
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Late great engineers: Isambard Kingdom Brunel

One of the best-known engineers of the 19th Century
- if not the best-known engineer of all time - Isambard
Kingdom Brunel achieved greatness in railway, civil
and maritime engineering. By Nick Smith

In 2002, the BBC conducted a poll of the *100 Greatest Brit-
ons’. While there can be few eyebrows raised at the winner -
statesman Winston Churchill - to have an engineer sit in sec-
ond place, above the likes of William Shakespeare, Captain
James Cook and Queen Victoria, seems to say something
about just how highly the British prize their Industrial Revo-
lution heroes. The engineer in question was Isambard King-
dom Brunel.

These days, Brunel’s fame is greater than our knowledge of
his achievements. While those within the engineering com-
munity will know that he designed the Clifton Suspension
Bridge, Paddington Station and iron transatlantic ships, it's
unlikely that those outside will remember Brunel as the man
behind the Great Western Railway, and even a hospital in the
Crimea that was to establish the blueprint for how field med-
ical facilities are built to this day.

Isambard Kingdom Brunel was born in Portsmouth on 9th
April 1806 during the reign of George III, shortly after the
creation of the United Kingdom of Great Britain and Ireland.
It was a time of social and political unrest across Europe, with
Brunel’s father, French civil engineer Marc Isambard Brunel
(a royalist sympathiser) forced to escape the French Revolu-
tion by fleeing to the United States, while his mother Sophia
Kingdom was arrested as an English spy during the Reign of
Terror. The couple were eventually reunited in England where
they started a family shortly after the turn of the century.
Their son was named Isambard, a Germanic name of Norman
origin meaning ‘iron-axe’.

By the time Brunel junior was eight years old, he was fluent
in French and familiar with Euclidian geometry. Following a
stint at boarding school in Hove (where he learned classical

languages), he continued his education at Lycée Henri-IV
(now the University of Caen Normandy) in Paris while his fa-
ther languished in debtor’s prison with a liability of £5000.
On graduating, Brunel studied as an apprentice to the leading
clock maker Abraham-Louis Breguet, after which he returned
to England in 1822. His first appointment was with his now
released father, working as assistant engineer on a River
Thames tunnel project to connect Rotherhithe with Wapping,
during which time he was nearly killed in a flooding incident.
The tunnel eventually became part of the London Under-
ground and remains in use today.

Although his public recognition rests heavily on one of the
most significant feats of Victorian bridge building, the idea
that Brunel designed the Clifton Suspension Bridge is con-
tested. It is a matter of record that Brunel submitted four
designs for the bridge (all of which were rejected by the ‘Co-
lossus of Roads’ Thomas Telford in favour of one of his own
designs). It is also beyond doubt that further designs by Bru-
nel eventually won a competition (and more importantly,
public opinion) to reinstate him as the designer. But the
bridge itself, that would not be completed until 1864 (five
years after the engineer’s death), substantially differs from
Brunel’s original vision. Less controversial are the Hungerford
Bridge - a suspension footbridge close to Charing Cross sta-
tion in London - the Royal Albert Bridge in Saltash near Plym-
outh, the Somerset Bridge, the Windsor Railway Bridge and
the Maidenhead Railway Bridge, the last of which was the
widest brick arch bridge in the world and is still in service,
despite today’s trains being ten times heavier than they were
in Brunel’s time.

By 1833 Brunel was chief engineer of the Great Western Rail-
way, a company that had been founded to reinforce Bristol’s
prominence as Britain’s second port and primary point of de-
parture for merchant trade to America. Brunel’s largest pro-
ject to date, the London-Bristol line received its enabling Act
of Parliament in 1835, with the first trains running in 1838.
Brunel chose a 7 ft (2,134 mm) ‘broad gauge’ for his railway,
based on his calculations and trials for stability and comfort
at high speed (later increasing this by a quarter of an inch to
reduce friction in the wheel sets while negotiating curves).
But with the Birmingham and Gloucester railway operating
on a4 ft8 1/2 in (1,435 mm) standard gauge, the ensuing
incompatibility meant that passengers travelling from south
to north needed to change trains to continue their journey.
The so-called ‘gauge war’ led to the appointment by Parlia-
ment of the Gauge Commission that reported in favour of the
standard gauge and, apart from exceptions made for parts of
the GWR, the broad gauge was phased out entirely.

The gauge war has done little to overshadow Brunel’s
achievement in designing the Great Western Railway’s Lon-
don terminus at Paddington. Influenced by Joseph Paxton’s
Crystal Palace that housed the Great Exhibition of 1851, it
remains one of the capital’s most important stations and, de-
spite being extended and rebuilt after sustained bombing
throughout the Second World War, is still recognisable as
Brunel’s design. A life-size bronze statue of Brunel by John
Doubleday is located between Platforms 8 and 9. The same
sculptor has a standing statue of Brunel in Bristol, at the
other end of the line.

One of Brunel’s lesser successes was his ‘atmospheric rail-
way’. The ‘vacuum traction’ system was intended to provide
an alternative to steam power, in which locomotives were
propelled along the track by means of a continuous jointed
cast iron slotted pipe that lay between the rails connected to
a pumping station, with pressure maintained by a longitudi-
nal leather flap along the slot. The patented system came
from shipbuilders and engineers Joseph and Jacob Samuda
who, along with gas engineer Samuel Clegg, were able to
produce encouraging tests in London. When put in practice
on a section of the South Devon Railway, there were reliabil-
ity problems with the seals and valves. The whole enterprise
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is described in ‘The Iron Road: The Illustrated History of Rail-
ways’ as an ‘expensive flop.’

¥

The Great Eastern under construction at Millwall.

Brunel’s vision for the Great Western Railway had always
been to extend Britain’s rail network across the Atlantic
Ocean to America via a sea route from Bristol to New York.
The technical issue facing Brunel in the mid 1830s was based
on the assumption that ships powered purely by steam
weren’t capable of making commercially viable voyages of
such magnitude. It was a matter of practicality, as the fuel
required would take up all the space available in the cargo
hold. However, Brunel managed to prove that while the
amount of cargo a ship could carry increased by the cube of
its dimensions, the resistance it experienced only increased
by the square. The implications were obvious: the bigger the
ship, the less fuel proportionally required. Brunel offered his
services to the Great Western Steamship Company pro bono
and was rewarded with the commission to design their first
vessel, the Great Western, a predominantly wooden craft
with steam-powered paddle wheels, the longest ever built at
236ft (72m). The ship went into regular service - 64 cross-
ings between 1838 and 1846 - and was so successful that
Brunel was asked to design another.

Great Britain was even bigger at 322ft (98m). But, more sig-
nificantly, was propeller-driven and built of metal: as such,
widely regarded at the first modern ship. Success was short-
lived, with Great Britain meeting misfortune only one year
into service, when it ran aground off the coast of Ireland due
to navigation error. It was subsequently sold for salvage and
is now a ship museum in dry dock in Bristol. The third of
Brunel’s ships - the Great Eastern — was larger still, carried
a complement of 4,000 passengers and was capable of cruis-
ing from London to Sydney and back without refuelling. The
ship failed to become commercially successful as a passenger
vessel and was repurposed as a sub-oceanic telegraph cable-
layer, so playing a role in opening up telecommunications be-
tween Europe and North America.

While Brunel was working on the Great Eastern, Florence
Nightingale was tending the military sick and wounded of the
Crimean War at the British Army Hospital at Scutari, notori-
ous for its unsanitary conditions that caused outbreaks of
cholera, dysentery, typhoid and malaria. Nightingale wrote to
the Times to force the government to provide a solution. The
task was handed to Brunel, who in the space of five months
managed to assemble a team to design, build and ship a pre-
fabricated complex of wood and canvas buildings to the Dar-
danelles in 16 ships. The resulting hospital at Renkioi was an

overwhelming success, with a 90 percent improvement on
patient recovery compared with Scutari.

Brunel died on 5th September 1859 at the age of 53, shortly
after the ill-fated maiden voyage of the Great Eastern, during
which it was extensively damaged by an explosion.

(THE ENGINEER, 12th February 2020, https://www.theengi-
neer.co.uk/late-great-engineers-isambard-kingdom-brunel)
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International Society for Soil Mechanics and
Geotechnical Engineering

ISSMGE News & Information Circular
January 2020
www.issmge.org/news/issmge-news-information-cir-
cular-january-2020

1. SYDNEY 2021 - 20ICSMGE, 7iYGEC - PAPER ALLO-
CATION INFORMATION AND CALLS FOR AB-
STRACTS

All member societies were sent information on paper alloca-
tion on the 19th December 2019. If you have not seen these
details, please let the ISSMGE Secretariat (secretar-

iat@issmge.org) know as soon as possible.
2. ISSMGE Awards

Member Societies are hereby called to submit nominations
for ISSMGE awards for the 20th International Conference on
Soil Mechanics and Geotechnical Engineering to be held in
Sydney, Australia, in September 2021. Nominations should
be submitted to the Secretary General by the closing date of
1 July 2020. For more information and guidelines for the
nomination of the various awards please click here.

3. Tables of Giroud et al. (1972-1973)

The French Society (CFMS) is happy to announce the on-line
publication of "Tables pour le calcul des fondations par Giroud
et al. (1972-1973) - Edition numérique". Please go
to: http://www.geotech-fr.org/publications/tables-de-giroud

4. Proceedings from the XVI Pan-American Confer-
ence on Soil Mechanics and Geotechnical Engineer-
ing (XVI PCSMGE 2019) now available in open ac-
cess.

The Innovation and Development Committee of ISSMGE is
pleased to announce that through the initiative of Dr. Norma
Patricia Lopez Acosta on behalf of the XVI PCSMGE Organiz-
ing Committee, the 356 papers from the proceedings and the
invited lectures volumes of XVI Pan-American Conference on
Soil Mechanics and Geotechnical Engineering (XVI PCSMGE)
held in Cancun, Mexico, on November 17-20, 2019 are avail-
able in the online library here: https://www.issmge.org/pub-
lications/online-library

Detailed acknowledgements for the XVI Pan-American Con-
ference on Soil Mechanics and Geotechnical Engineering (XVI

PCSMGE) can be found on the ISSMGE online library
acknowledgements section.

5. TC Guidelines - update

An updated set of Guidelines for the ISSMGE Technical Com-
mittees and Honour Lectures are now available from the web-
site - https://www.issmge.org/filemanager/arti-
cle/390/Guidelines for ISSMGE Technical Committees re-
vised Nov19.pdf

6. ISSMGE Online Library — Open Access

The ISSMGE Online library (https://www.issmge.org/publica-
tions/online-library) is in continuous development - please
note the following additions:

17th African Regional Conference on Soil Mechanics and Ge-
otechnical Engineering;

17th European Conference on Soil Mechanics and Geotech-
nical Engineering,

Australia New Zealand conference series back catalogue.

7. TC306 Geo-Engineering Education Survey - A mes-
sage from the Officers of TC306

Dear ISSMGE member,

If you are an instructor in a civil engineering department,
please contribute to a TC306 Geo-Engineering Education sur-
vey. The title of the survey is “What Geotechnical Engineer-
ing Educational Material can we dream of?”

If you have very limited time but don’t want to miss the op-
portunity to contribute, just jump to Question 11 (the only
required): Please imagine and describe the “educational ma-
terial of your dreams”.

You will find the questionnaire here: https://www.survey-
monkey.com/r/TC306

Best regards,
Marina Pantazidou and Michele Calvello
(Chair and Secretary of TC306)

8. Are We Overdesigning? A survey of international
practice

A joint initiative by the CAPG, the YMPG, TC2015 - Safety and
Serviceability and TC304 - Risk. The survey is intended to
assess the consistency of calculation models and design
methods for a variety of geotechnical structures, and where
possible, to compare the results with full scale tests and reli-
ability analyses. To participate in the survey please go
to https://www.issmge.org/news/are-we-overdesigning-a-
survey-of-international-practice.

9. Bulletin

The latest edition of the ISSMGE Bulletin (Volume 13, Issue
5, Oct 2019) is available from the website from:
https://www.issmge.org/publications/issmge-bulletin/vol-
13-issue-5-october-2019.

10. ISSMGE Foundation

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 31st January 2020.
Click here for further information on the ISSMGE Foundation.

11. Conferences
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For a listing of all ISSMGE and ISSMGE supported confer-
ences, and full information on all events, including deadlines,
please go to the Events page at
https://www.issmge.org/events.

The following are events that have been added since the pre-
vious Circular:

ISSMGE Events

INTERNATIONAL CONFERENCE ON CHALLENGES AND
ACHIEVEMENTS IN GEOTECHNICAL ENGINEERING -
11-06-2020 - 13-06-2020

POLIS University campus, Tirana, Albania; Language: Eng-
lish; Organiser: Albanian Geotechnical Society; Contact per-
son: Erdi Myftaraga; Phone: +355699336911; Email:
emy@greengeotechnics.com

ISSMGE News & Information Circular
January 2020
WWWw.issmge.org/news/issmge-news-information-cir-
cular-february-2020

1. SYDNEY 2021 - 20ICSMGE, 7iYGEC - PAPER ALLO-
CATION INFORMATION AND CALLS FOR AB-
STRACTS

All member societies were sent information on paper alloca-
tion on the 19th December 2019. If you have not seen these
details, please let the ISSMGE Secretariat (secretar-
iat@issmge.org) know as soon as possible.

2. ISSMGE Awards

Member Societies are hereby called to submit nominations
for ISSMGE awards for the 20th International Conference on
Soil Mechanics and Geotechnical Engineering to be held in
Sydney, Australia, in September 2021. Nominations should
be submitted to the Secretary General by the closing date of
1 July 2020. For more information and guidelines for the
nomination of the various awards please click here.

3. Council Meeting Cape Town, 6" October 2019

Please note that the Minutes of the Council Meeting held in
Cape Town in October 2019 have been finalised and are now
available from the website at https://www.issmge.org/the-
society/council-meeting-minutes

4. Tables of Giroud et al. (1972-1973)

The French Society (CFMS) is happy to announce the on-line
publication of "Tables pour le calcul des fondations par Giroud
et al. (1972-1973) - Edition numérique". Please go
to http://www.geotech-fr.org/publications/tables-de-giroud

5. TC Guidelines — update

An updated set of Guidelines for the ISSMGE Technical Com-
mittees and Honour Lectures are now available from the web-
site - https://www.issmge.org/filemanager/arti-
cle/390/Guidelines for ISSMGE Technical Committees re-
vised Nov19.pdf

6. ISSMGE Online Library - Open Access

The ISSMGE Online library (https://www.issmge.org/publica-
tions/online-library) is in continuous development - please
note the following additions:

e 17th African Regional Conference on Soil Mechanics and
Geotechnical Engineering;

e 17th European Conference on Soil Mechanics and Ge-
otechnical Engineering,

e Australia New Zealand conference series back catalogue,

e XVI Pan-American Conference on Soil Mechanics and Ge-
otechnical Engineering (XVI PCSMGE 2019)

e 9th International Symposium on Geotechnical Aspects of
Underground Construction in Soft Ground, Sao Paulo,
2017 (TC204)

7. Are We Overdesigning? A survey of international
practice

A joint initiative by the CAPG, the YMPG, TC2015 - Safety and
Serviceability and TC304 - Risk. The survey is intended to
assess the consistency of calculation models and design
methods for a variety of geotechnical structures, and where
possible, to compare the results with full scale tests and reli-
ability analyses. To participate in the survey please go
to https://www.issmge.org/news/are-we-overdesigning-a-
survey-of-international-practice.

8. Bulletin

The latest edition of the ISSMGE Bulletin (Volume 13, Issue
6, Dec 2019) is available from the website
from: https://www.issmge.org/publications/issmge-bulle-
tin/vol-13-issue-6-december-2019

9. ISSMGE Foundation

The next deadline for receipt of applications for awards from
the ISSMGE Foundation is the 31st May 2020. Click here for
further information on the ISSMGE Foundation.

10. Conferences

For a listing of all ISSMGE and ISSMGE supported confer-
ences, and full information on all events, including deadlines,
please go to the Events page at
https://www.issmge.org/events.

The following are events that have been added since the pre-
vious Circular:

ISSMGE Events

3RD PAN-AMERICAN CONFERENCE ON UNSATURATED
SOILS, 25-01-2021 - 28-01-2021

PUC-Rio, in Rio de Janeiro, Brazil; Organiser: Tacio de Cam-
pos (PUC-Rio), Fernando Marinho (USP), Gilson Gitirana
(UFG), Contact person: Tacio de Campos; Email: pa-
nam2021unsat@puc-rio.br; Website: https://pana-

munsat2021.com

THE 1ST INTERNATIONAL CONFERENCE ON SUSTAIN-
ABILITY IN GEOTECHNICAL ENGINEERING - GEODI-
VERSITY & RESILIENCE (1ST ICSGE’'21) - 27-06-2021
- 30-06-2021

The Congress Center of LNEC, Lisbon, Portugal; Language:
English; Organiser: The National Laboratory for Civil Engi-
neering (LNEC); Contact person: LNEC Congress Centre Sec-
retariat; Address: Avenida do Brasil, 101 1700-066 Lisboa;
Phone: (+351) 218 443 483; Email: formacao@Inec.pt;
Website: http://icsge.Inec.pt/
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NMPOZEXEI2
FEQTEXNIKEz
EKAHAQZEI2

Ma TIC NaAQIOTEPEG KATAXWPNJEIC NEPITTOTEPEG NANPOPOPIEC
unopoUv va avalntnBoulv oTa nponyoupeva TeUXn TOU «ne-
plodIKoU» Kal OTIC NapaTIBEPEVEG I0TOOEANIDEG.

iCGE'20 International Conference on Geotechnical Engineer-
ing (ICGE) Innovative Geotechnical Engineering, 09-11
March 2020, Hammamet, Tunisia, www.icge20.geolab.tn

1st International Symposium on Construction Resources for
Environmentally Sustainable Technologies (CREST 2020),
March 10 to 12, 2020 in Fukuoka, Japan,
https://crest2020.com

o3

ECPMG 2020

4th European Conference on Physical Modelling
in Geotechnics
15 - 17 March 2020, Luled, Sweden
https://www.ltu.se/research/subjects/Geotechnical-
engineering/Konferenser/ECPMGE-2020?I=en

The 4th European Conference on Physical Modelling in Ge-
otechnics, ECPMG 2020, is organised by the Soil Mechanics
research group at Luled University of Technology, under the
auspices of the TC104 Technical Committee of Physical Mod-
elling of the International Society of Soil Mechanics and Ge-
otechnical Engineering (ISSMGE).

The time for the conference is Sunday evening March 15th
until Tuesday evening March 17th 2020.

Contacts

If you have any questions, please contact us via
ecpmg@Iltu.se or one of the contacts below

Laue, Jan - Professor and Head of Subject, Chaired Professor

Organisation: Soil Mechanics, Mining and Geotechnical Engi-
neering, Department of Civil, Environmental and Natural Re-
sources Engineering

Phone: +46 (0)920 491288

Email: jan.laue@lIltu.se
Room: F1053 - Luled

o3

GeoAmericas2020 4% Pan American Conference on Geosyn-
thetics, 26-29 April 2020, Rio de Janeiro, Brazil, www.geo-
americas2020.com

(C249-0)
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Hpuepida
0 POoAog TnG Frempop@oloyiag oTn Zuyxpovn
Koivwvia”
29 AnpiAiou 2020, AGRva

210 nAdiolo Twv dpacTnploTATWV TNG, N Emirponn Fewpop-
@oAoyiag kai MepiBaAAovTog TnG EAANVIKAG MFewAoyikng E-
Taipeiag oe ouvepyaoia pe To TUApa Fewypagiag Tou Xa-
pokoneiou MavenioTnHiou kai To TUAHa FewAoyiag kai
rewnepiBaAilovrog Tou EBvikoU kai KanodioTpiakou
MavenioTnpiou ABNvav, diopyavwvel EmoTnHovikn Hue-
pida e B&pa “O poAog TnG NewpopPpoAoyiag oTn Z0y-
Xpovn Koivwvia”, Tnv Teraptn 29 AnpiAiou 2020 otnv
AiGouca TeAeTwv Tou Xapokoneiou Mavenmorngiou A-
envav.

MeTa&l Twv KUpIWV oTOXWV TNG Huepidag civai:

e 1 napouaciaon kai oulnTnon TWV AnoTEAECUATWV TNG OUY-
XPOVNG £pguvag og OAOUG TOUG TOMEIG TNG YEWHOPPOAO-
viag,

® N EQAPUOYN VEWV, KAIVOTOHWV, TEXVIKWOV Kal HEBOdWV 0T
YEWHOPPOAOYIKN €peuva,

® N eKTiPNON HEAAOVTIKWV NPoBAEWewV O€ O,TI APopd oTn
dlapéppwon Tou ynivou avayAugou und To npiopa Tng
KAIMATIKAC aAAaync,

® 1 gvioxuon Tou poAou TNG YEwWHOopPOAoyiag aTn ouyxpovn
€MoXM Kal TNG CUPBOARG TNG oTnV NpOANWn, €TOILOTNTA
Kdl Npogappoyn TWV KOIVWVIOV O0TOUG QUOIKOUG KIVOU-
voug,

e 1 “evepyonoinon” TWV VEWV YEWHOPPOAOYWV Kal N eveap-
puvon TNG PMETAEU Toug ouvepyaaiac.

O1 BepaTikég neploxéc TNG Huepidag kaAunTouv OAa Ta enipe-
POUG YVWOTIKA avTIKEIJEVA TNG YEwHOopPoAoyiag dnwg: napd-
KTia Kal unoBaAdooia yeEwPop@oAoyia, NnoTapia YEWHOPPOAO-
yia, KapoTiKh YEWHOPPOAOYia, TEKTOVIKI YEwWHOPPOAoyia —
HMOPQOTEKTOVIKI, NAYETWONG YEWHOPPOAOYia, EPAPHOCHEVN
YEWHOPPOAOYia, TEXVIKEG Kal HEBODOI YEWHOPPOAOYIKNG Xap-
TOoypa®nong, yYewapxaloAoyia, naAaloyewypagia kai avana-
paocTtacn naAaionepiBarAovTwy, yewAoyia TeTapToyevolg,
(PUOIKOI KivOUVOl Kal KaTaoTPOPEG.

H Huepida ansuBlveTal o yewenioTrpoveg (MEAN TNG eNioTN-
HOVIKNG KOIVOTNTAG, akadnuaikoi Kal EpEUVNTEG, OTEAEXN TNG
dnuoaoiag dioiknong Kal TnG ToniknAG autodioiknong, K.d.) nou
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dpacoTnpionoloUvTal oTa Napandave yVwoTiKa avTiKEiyeva Tng
YEWHOPPOAoyiag kal Tou nNepIBAAAovToG. EninAgov, anookonei
va dwaoel Bria oToug VEOUG Kal TIG VEEC YEWHOPPOAOYOUC Nou
€nBupolV va napouacidoouv Ta EPEUVNTIKA ANOTEAEOHATA TNG
nponTuxIakng i HETanTuXIakng SINAWHATIKAG TOUG Epyaaciag n
NG d10aKTOPIKAG TOUuG 81aTPIBAG.

To enioTnUovikd npdypappa TnG Huepidag Ba nepidapPavel
NPOPOPIKEG KAl avapTNHEVES avakoIvwoelg. OI NEPIAAYEIC Mou
Ba unoBAnBouv Ba a&ioAoynBolv, Ba TonoBeTNBOUV o€ Bepa-
TIKEG EvOTNTEC Kal Ba NapouaiacTouV Og avTiOTOIXEG BEUATIKEG
OUVEDPIEG.

H ouppetoxn otnv Huepida eival dwpeav kal dev unapxel ne-
PIOPICUOG OTOV aplBud TwV NEPIANWEWY Nou pnopolV va Ka-
TaTeBolv anod €vav cuyypagea.

KaTd Tn O1dpkeia TnG Huepidag npookekAnuévol odIANTEG Ba
dWOo0oUV BEPATIKEG OMIAIEC YIa EMIMEPOUC YVWOTIKA QVTIKEIMEVA
NG yewpoppoAoyiag. Ta ovopaTa TwV NPOOKEKANHEVWYV OHI-
AnTwv Ba avakoivwbouv cuvToua.

o3

WTC 2020 ITA-AITES World Tunnel Conference, 15-21 May
2020, Kuala Lumpur, Malaysia, www.wtc2020.my

Cities on Volcanoes 11 - Volcanoes and Society: environ-
ment, health and hazards, 23-27 May 2020, Heraklion, Crete,
https://pcoconvin.eventsair.com/volcanoesi1

14th Baltic Sea Geotechnical Conference 2020 Future Chal-
lenges for Geotechnical Engineering, 25 + 27 May 2020, Hel-
sinki, Finland, wwwe.ril.fi/en/events/bsgc-2020.html

Nordic Geotechnical Meeting Urban Geotechnics, 25-27 May
2020, Helsinki, Finland, www.ril.fi/en/events/ngm-2020.html

@ D

5th Symposium of the Macedonian Association
for Geotechnics
28 =+ 30 May 2020, Ohrid, North Macedonia
mag@gf.ukim.edu.mk

Contact Person: Jovan Br. Papi¢

Address: Faculty of civil engineering in Skopje
blvd. Partizanski odredi no.24

Telephone: +389 2 3116-066

E-mail: mag@dgf.ukim.edu.mk

o3

ICED 2020 First International Conference on Embankment
Dams: Dam Breach Modeling and Risk Disposal, 5 — 7 June

2020 in Beijing, China, http://iced-2020.host30.voosite.com

(C249-0)

I ' 5 :s ;
ISCPECG 2020

International Conference on
Innovative Solutions for Geotechnical Problems
in Honour of Prof. Erol Guler
11 - 12 June 2020, Istanbul, Turkey
www.isgpeg2020.org/en

As the organizing committee, we are pleased to invite you to
the International Conference on "Innovative Solutions for Ge-
otechnical Problems” in Honour of Prof. Erol Guler (IS-
GPEG2020)" at the Bogazici University in Istanbul-Turkey.
This conference aims to gather a broad range of recent inno-
vations in geotechnical engineering; testing, modelling, mon-
itoring, field applications and risk analysis under the main
topics of geotechnical engineering, geosynthetics, geotech-
nical earthquake engineering, and environmental geotech-
nics.

During this conference we will be happy to honor the distin-
guished professor of civil engineering - Prof. Erol Guler which
is known as the leading geosynthetics scientist in Turkey.
Professor Guler has made valuable contributions to geotech-
nical engineering in general and to the use of geosynthetics
specifically in Turkey and throughout the World. He was in-
strumented in both research and also in the design of many
geotechnical projects.

We are looking forward to seeing academicians, students,
manufacturers, practitioners and designers in the geotech-
nical field at the ISGPEG2020 Conference. We want to extend
a special invitation to engineers in general contracting firms,
who will widely benefit from the Conference by learning more
about the innovative solutions in geotechnical engineering to
provide extraordinary financial and technical advantages.

We can guarantee that the ISGPEG2020 Conference will be
an opportunity for all who attend to experience a valuable
technical program, a magnificent city, and the essence of
warm Turkish hospitality. The ISGPEG2020 will be valuable
to geotechnical researchers and practitioners interested in all
aspects of geotechnical engineering.

We are looking forward to meet you in Istanbul on June 11-
12, 2020 to discuss creative and cost effective innovative so-
lutions to geotechnical problems.

TOPICS

Properties and Testing

Geosynthetic Reinforced Walls, Slopes and Embankments
Roads, Railways and Other Transportation Applications
Pavements

Tunneling and Underground space

Deep excavation

Hydraulic Applications

Landfills

Geosynthetic Barriers

Drainage, Filtration and Erosion Control

Physical and Numerical Models

Soil dynamics and geotechnical earthquake engineering
Foundations
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Soil improvement

Sustainable Development and Green Technology
Soil-Geosynthetic Interaction

Lightweight Construction

Long Term Performance and Durability

Special and specific Issues

Case histories

SCIENTIFIC SECRETARIAT

BOGAZICi UNIVERSITY
34342 Bebek/Istanbul Tilrkiye
Phone: +90 212 359 54 00

E-mail: scientific@isgpeg2020.0rg

o3

International Conference on Challenges and
Achievements in Geotechnical Engineering
11-13 June 2020, Tirana, Albania

Contact person: Erdi Myftaraga
Phone: +355699336911,
Email: emy@greengeotechnics.com

@ D

EUROCK 2020 Hard Rock Excavation and Support, 13-19
June 2020, Trondheim, Norway, www.eurock2020.com

DFI Deep Mixing 2020, 15 to 17 June 2020, TBD, Gdansk,
Poland, www.dfi.org/DM2020

XIII International Symposium on Landslides - Landslides and
Sustainable Development, June 15% - 19t 2020, Cartagena,
Colombia, www.scg.org.co/xiii-isl

EGRWSE 2020 - 3 International Conference on Environmen-
tal Geotechnology, Recycled Waste Materials and Sustainable
Engineering, 18-20 June 2020, Izmir,  Turkey,
www.egrwse2020.com

GEE2020 International Conference on Geotechnical Engi-
neering Education 2020, June 24-25, 2020, Athens, Greece,
www.erasmus.gr/microsites/1168

E-UNSAT 2020 4th European Conference on Unsaturated
Soils - Unsaturated Horizons, 24-06-2020 + 26-06-2020, Lis-
bon, Portugal, https://eunsat2020.tecnico.ulisboa.pt

o3

IS-Cambridge
2020,

i I]1] i | g
10th International Symposium
on Geotechnical Aspects of
Underground Construction in
Soft Ground

Geotechnical Aspects of
Underground Construction in Soft Ground
29 June to 01 July 2020, Cambridge, United Kingdom
www.is-cambridge2020.eng.cam.ac.uk

ISSMGE Technical Committee TC204 is hosting the 10th In-
ternational Symposium on Geotechnical Aspects of Under-
ground Construction in Soft Ground (IS-Cambridge 2020) to
be held in Cambridge, United Kingdom from June 29th to July
1st, 2020.

TC204 of the ISSMGE was first established in 1989 as TC28
and has made major commitments towards collecting infor-
mation concerning the geotechnical aspects of the design,
construction and analysis of deep excavations, tunnels and
large underground structures in the urban environment. The
first symposium was held in New Delhi in 1994 and eight
more symposia were held in London (1996), Tokyo (1999),
Toulouse (2002), Amsterdam (2005), Shanghai (2008),
Rome (2011), Seoul (2014) and Sao Paulo (2017). TC204
decided to hold a tenth in Cambridge in 2020. The 10th sym-
posium will be organised by TC204 of ISSMGE and the Ge-
otechnical Research Group at the University of Cambridge.

The IS-Cambridge 2020 symposium will include themes in
line with the terms of reference of TC204 such as tunnelling
in soft ground, deep excavations, field monitoring, physical
and numerical modelling, the effect of ground movements on
existing structures and mitigation measures. The symposium
will act as a platform to disseminate the most recent research
and field developments in the design and construction of un-
derground excavations in soft ground through keynote lec-
tures and technical presentations.

Conference Themes

The themes for the Cambridge symposium, in line with the
terms of reference of Technical Committee TC204, are as be-
low.

Full papers will be made available to conference delegates
and will be published in a printed Conference Proceedings by
Taylor and Francis.

The Conference will attract an international audience of aca-
demics and practitioners. Presenters will be encouraged to
highlight the theoretical insights and practical implications to
a multi-disciplinary audience that is attracted to new, trans-
formative ideas.

The first two days of the symposium will consist of technical
sessions with presentations of General Reports and individual
papers.

The third day will be dedicated to the technical visit to the
work sites of the new Thames Tideway Tunnel project, which
will be under construction at the time of the symposium. Del-
egates joining the technical visit will enjoy a memorable trip
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to the project on a privately chartered boat on the River
Thames in the heart of London.

Topics

" Field case studies

®  Physical and numerical modelling of tunnels and deep ex-
cavations in soft ground

" The effect of underground construction activities on ex-
isting structures

= Design and application of ground improvement for under-
ground construction

= Sensing technologies and monitoring for underground
construction in soft ground

= Ground movements, interaction with existing structures
and mitigation measures

= Seismic response of underground infrastructure in soft
ground

Contact us

Information provided by: ifm-events@eng.cam.ac.uk
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New Date ASIA 2020 Eighth International Conference and
Exhibition on Water Resources and Renewable Energy De-
velopment in Asia, 30 June - 2 July 2020, Kuala Lumpur, Ma-
laysia, www.hydropower-dams.com/asia-2020

16th International Conference of the International Associa-
tion for Computer Methods and Advances in Geomechanics -
IACMAG - CHALLENGES and INNOVATIONS in GEOMECHAN-
ICS, 01-07-2020 + 04-07-2020, Torino, Italy, www.sympo-
sium.it/en/events/2020/16th-international-conference-of-
iacmag?navbar=1

7th ICRAGEE International Conference on Recent Advances
in Geotechnical Earthquake Engineering and Soil Dynamics,
13 - 16 July 2020, Bengaluru, India, http://7icragee.org

RTG2EE - Recent Trends in Geotechnical and Geo-Environ-
mental Engineering and Education, 15 - 17 July 2020, Bali,
Indonesia, https://rtgee.org

5th Annual Urban Underground Space & Tunnelling confer-
ence, 20th - 22nd July 2020, Singapore, www.me-as-
sets.com/HTMLEmail/AS-1F5361%20-%20Flyer.pdf

3 International Conference on Geotechnical Engineering
(ICGE - Colombo -2020), 10 - 11 August 2020, Colombo, Sri
Lanka, htt icgecolombo.org/2020/index.ph

ISFOH 2020 4th International Symposium on Frontiers in Off-
shore Geotechnics, 16 - 19 August 2020, Austin, United
States, www.isfog2020.0rg

2020 CHICAGO International Conference on Transportation
Geotechnics, August 30 - September 2, 2020, Chicago, Illi-
nois, USA, http://conferences.illinois.edu/ICTG2020

EUROGEO WARSAW 2020 7 European Geosynthetics Con-
gress, 6-9 September 2020, Warsaw, Poland, www.euro-
geo?’.org

37 General Assembly of the European Seismological Com-
mission, 6 to 11 September 2020, Corfu, Greece,
www.escgreece2020.eu

6th International Conference on Geotechnical and Geophysi-
cal Site Characterization “Toward synergy at site characteri-
sation”, 7 + 11 September, Budapest, Hungary, www.isc6-
budapest.com

7th International Conference on Industrial and Hazardous
Waste Management 15th - 118%™ September, 2020,
http://hwm-conferences.tuc.gr

o3 D

14t International Congress on
Advances in Civil Engineering
16-18 September 2020, Istanbul, Turkey
www.ace2020.org/en

Welcome to the 14% International Congress on Advances in
Civil Engineering (ACE2020) that will be held in Istanbul, Tur-
key, September 16-18, 2020. The congress aims to bring to-
gether state-of-the-art research and their applications in all
fields of civil engineering, while you can enjoy unique social
and cultural atmosphere in the city of Istanbul.

The traditional ACE Congresses have been hosted every two
years by one of the organizing universities: Bogazici Univer-
sity, Eastern Mediterranean University, Istanbul Technical
University, Karadeniz Technical University, Middle East Tech-
nical University and Yildiz Technical University, with the sup-

port of Turkish Chamber of Civil Engineers.

With this tradition, ACE 2020 is planned as the 14" of now
well established ACE Congress series. It will provide a great
opportunity for high-level researchers and professionals to
present their most recent research and case studies, and get
feedback from peers and colleagues who have similar inter-
ests.

TOPICS

Building Materials
Construction Management
Geotechnics

Hydraulics

Mechanics

Structures

Transportation

SCIENTIFIC SECRETARIAT

Prof. Dr. Mehmet Berilgen

Yildiz Technical University 34349 Yildiz-Istanbul/Tilrkiye
Phone: +90 0212 383 70 70

E-mail: berilgen@yildiz.edu.tr
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27th European Young Geotechnical Engineers Conference
and Geogames, 17 - 19 September 2020, Moscow, Russia,
https://t.me/EYGEC2020

ICEGT-2020 2nd International Conference on Energy Ge-
otechnics, September 20-23, 2020, La Jolla, California, USA,
https://icegt-2020.eng.ucsd.edu/home

EUROENGEO 3R EUROPEAN REGIONAL CONFERENCE OF
IAEG, 20-24 September 2020, Athens, Greece, www.eu-
roengeo2020.0rg

Fourth International DAM WORLD Conference, 21-25th Sep-
tember 2020, Lisbon, Portugal, https://dw2020.Inec.pt

New Date 88™ ICOLD Annual Meeting & Symposium on Sus-
tainable Development of Dams and River Basins, 26™ Sep-
tember - 1 October 2020, New Delhi, India,
https://www.icold2020.0r
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The 11th Aslan Rock Mechanics Symposium

- 1
11th Asian Rock Mechanics Symposium,
Challenges and Opportunities in Rock Mechanics

23 + 27 October 2020, Beijing, China
www.armsll.com

On behalf of Chinese Society for Rock Mechanics and Engi-
neering (CSRME, ISRM NG China), we are pleased to invite
you to Beijing for the 11th Asian Rock Mechanics Symposium
(ARMS 11), which will be held on October 23-27, 2020, in
conjunction with China Rock 2020.

The theme for ARMS 11 is “Challenges and Opportunities in
Rock Mechanics”. The technical program will focus on ad-
vances and innovative applied research on rock mechanics
and rock engineering. It will provide a showcase of recent
developments and advances in rock mechanics and innova-
tive applications in rock engineering. It will offer an interna-
tional forum for exchanging new ideas and exploring the fu-
ture directions in rock mechanics and engineering. Short
courses, workshops, industrial exhibitions and technical visits
will also be organized. Attractive programs will be provided
for young researchers and students, including the student
night, poster and paper competitions.

Theme and Topics

The theme for ARMS 11 is “Challenges and Opportunities in
Rock Mechanics”. Topics include but are not limited to:

Analysis and design methods

Numerical modeling

Laboratory testing and rock properties
Field measurements and site investigations
Dynamics and blasting

Fluid and gas flow

Risk assessment and hazard mitigation
Mining and rock support

Tunneling, rock caverns, and underground space
Rock slopes and foundations

Underground storage

e Case histories of outstanding projects
e New frontiers and interdisciplinary research

Contact Us

Haiying Bian, arms11@yeah.net
Website: http://www.arms11.com

(C249-0)

HYDRO 2020 Strategies for future progress, 24-26 October
2020, Strasbourg, France, www.hydropower-dams.com/hy-
dro-2020

3rd International Symposium on Coupled Phenomena in En-
vironmental Geotechnics, October 29th - 30th, 2020, Kyoto,
Japan, https://cpeg2020.org

5™ World Landslide Forum Implementation and Monitoring
the USDR-ICL Sendai Partnerships 2015-2015, 2-6 Novem-
ber 2020, Kyoto, Japan, http://wlf5.iplhg.org

Fourth GeoMEast©2020 International Underground Struc-
tures Conference (IUSC), 8-12 November 2020, Cairo, Egypt,
http://underground.geomeast.org

10t International Conference on Scour and Erosion (ICSE-
10), November 15-18, 2020, Arlington, Virginia, USA,
www.engr.psu.edu/xiao/ICSE-10 Call for abstract.pdf

(C249-0)

6th ICFGE 2020
Forensic Geotechnical Engineering &
Geo-Disaster Documentation
December 10-12, 2020 IIT Delhi, India
http://tc302-issmge.com

Forensic geotechnical engineering (FGE) involves scientific,
legalistic investigations and deductions to detect the causes
as well as the process of distress in a structure, which are
attributed to geotechnical origin. Such a critical analysis will
provide answers to “what went wrong, when, where, why,
how, and by whom”. Cases of remedied installations, partic-
ularly those which fall under public or government category,
where the analysis and evaluation of adopted remedial
measures with regard to their effectiveness and economy fall
under this purview. FGE also gives strong inputs to improve
analysis and design processes. This conference aims to de-
velop a comprehensive framework for forensic engineering
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procedures and post-failure reconnaissance studies of disas-
ter management.

The International Society for Soil Mechanics and Geotechnical
Engineering (ISSMGE) constituted a Technical Committee
(TC) on Forensic Geotechnical Engineering (FGE) in 2005.
During the first four years it was designated as TC40 and is
now designated as TC302. This committee conducted five in-
ternational seminars on FGE and is now organizing the sixth
conference during December 10-12, 2020 at IIT Delhi, India.

Indian Institute of Technology, Delhi, Indian Geotechnical
Society Delhi Chapter together with TC 302 of ISSMGE are
organizing the event. The theme of the event is “Forensic
Geotechnical Engineering & Geo-Disaster Documentation”.
The conference is supported by SPARC (Scheme for Promo-
tion of Academic and Research Collaboration) of Government
of India on the project “"Advanced Technologies for Post-Dis-
asters Reconnaissance, Forensic and Environmental Impact
Studies - Geotechnical” which is a collaborative project
among IIT Delhi, IISc, Bengaluru, Georgia Institute of Tech-
nology Atlanta, University of California, Davis and University
of Cambridge.

This conference runs concurrently with the multidisciplinary
mega event: 5th World Congress on Disaster Management
(5WCDM).

The conference will develop mechanisms for strengthening
collaboration between research and knowledge-based insti-
tutions as well as practitioners in the regions. It will evolve
strategies for training, capacity development on the im-
portance of disaster countermeasures and response prepar-
edness in the regions by using advanced technologies for risk
analysis mapping to a greater extent and to help address the
deployment of research and analytical tools that leads to ef-
fective understanding of the data and its management. Un-
derstanding failures and natural disasters is one of the as-
pects of Forensic Geotechnical Engineering (FGE) and con-
sists of following steps.

e Collection of Data

e Distress Characterization

e Development of Failure Hypothesis
e Diagnostic Tests

e Back Analysis

e Technical Shortcomings

e Legal Issues

e Use of Observation Methods

e Risk and Reliability Analysis

e (Case Histories

Themes

e Geotechnical and geoenvironmental failure studies & de-
velopment of remedial Measures.

e Advanced 3D mapping techniques in post-failure recon-
naissance studies of disaster management.

e Evaluation of ground failures due to rainfall impact and
earthquakes.

e Post-failure reconnaissance studies on vulnerability and
risk analysis of geohazards.

e Vulnerability of slopes and the Challenges of Disaster
Management

¢ Comprehensive study involving geological, geotechnical
and geophysical investigations for landslides

¢ Mathematical modelling of active landslides

e multiplex Sensor Network System for Landslide Monitor-
ing and Implementation

¢ Role of Geomatics Technologies in Geotechnical Studies.

e Methods in hazard & risk assessment of geohazards.

e Post Disaster Recovery & Management: Governance is-
sues related to post disaster relief & rescue.

e Use of Machine Learning, Internet of Things, Data Analyt-
ics approaches

Get in Touch

Dr. Prashanth Vangla

Organizing Secretary, 6 ICFGE
Department of Civil Engineering

Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110 016, INDIA,
Phone: +91 9611189007

Email: Prashanth.Vangla@civil.iitd.ac.in
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GeoAsia 2021

7th Asian Regional Conference on Geosynthetics
March 1-4, 2021, Taipei, Taiwan

(C249-0)

The 1st Mediterranean Symposium
on Landslides
Slope Stability Problems in Stiff Clays and
Flysch Formations
7-9 June 2021, Naples, Italy
https://medsympland-

slides.wixsite.com/msi2021

Landslides represent a relevant problem for most of the coun-
tries overlooking the Mediterranean. This trivial consideration
should prompt researchers, professionals, and stakeholders
in this region to form closer relationships and engage them-
selves in a continuous exchange of data and ideas to find
common strategies of landslide risk mitigation.

A common problem concerns the stability of slopes in hard
fissured soils, weak rocks and flysch deposits, which are
widespread all over the region, posing major problems to the
development of these areas. In the last decades, the geo-
engineering community has occasionally focused on these
complex materials. In 1977 the Italian Geotechnical Society
held an International Conference on “The Geotechnics of
Structurally Complex Formations” in Capri. Sixteen years
later, the Hellenic Society of Soil Mechanics and Foundation
Engineering and the French Committee for Soil Mechanics
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and Foundation Engineering jointly organized an international
symposium in Athens on “The Geotechnical Engineering of
Hard Soils and Soft Rocks” (1993). The Italian Geotechnical
Society picked up on this initiative five years later, organizing
the Second International Symposium on “The Geotechnics of
Hard Soils and Soft Rocks” (Naples, 1998). Finally, in 2011,
the Greek community organized the 15th European Confer-
ence of Soil Mechanics and Geotechnical Engineering in Ath-
ens, which was devoted to “The Geotechnics of Hard Soils
and Weak Rocks”.

It is evident that the behaviour of such a wide and complex
class of materials, spreading across large areas in this corner
of the world, cannot be interpreted simply through the basic
laws of the Soil or Rock Mechanics. This is because they lay
in a grey area between the two families of soils and rocks,
showing distinct and special features, which are related to
the origin of such materials and then to the geological pro-
cesses which led to their deposition and evolution. On the
other hand, it is just from all these complex settings that
most of the problems arise, and it is to this that scholars and
professionals should be devote their efforts.

With the goal in mind of urging the people living on the Med-
iterranean to join their efforts, we decided to organize a Med-
iterranean Symposium on Landslides (MSL) in Napoli in June,
2021, hoping that this initiative will be the first of a series of
similar periodic events.

Topics

Landslides represent a relevant problem for most of the coun-
tries overlooking the Mediterranean. This trivial consideration
should prompt researchers, professionals, and stakeholders
in this region to form closer relationships and engage them-
selves in a continuous exchange of data and ideas to find
common strategies of landslide risk mitigation.

A common problem concerns the stability of slopes in hard
fissured soils, weak rocks and flysch deposits, which are
widespread all over the region, posing major problems to the
development of these areas.

It is evident that the behavior of such a wide and complex
class of materials, spreading across large areas in this corner
of the world, cannot be interpreted simply through the basic
laws of the Soil or Rock Mechanics. With the goal in mind of
urging people living on the Mediterranean to join their efforts,
we decided to organize a Mediterranean Symposium on Land-
slides (MSL) in Napoliin June, 2021, hoping that this initiative
will be the first of a series of similar periodic events.

Sessions

I. Geological Setting, Triggers and Mechanisms

This session is aimed at describing preparatory, condi-
tioning and triggering factors and events. The main topic
of this session will be the typology of slope failure pro-
cesses which take place in these geomaterials, focusing
in particular on the role of the geological structure and
settings, the hydrologic regime, the soil properties and
the natural stress field. Wide room is also left to descrip-
tion of the impact of weather, including climate changes,
and of seismic activity on landslide triggering.

I1. Investigations, Monitoring and Analysis

The scope of this session is to present data about the
most relevant aspects of site and laboratory investigation,
field monitoring and slope stability analysis from case
studies of the Mediterranean region, accounting for the
peculiar material properties and features of the slope re-
sponse to triggers. The performance of different monitor-
ing and investigation techniques will be discussed.

III. Remedial Measures, Landslide-Structure / Infra-
structure Interaction

The scope of this session is to give room to some very
important and often disregarded issues: i) the design,
construction and performance of works aimed at slope
stabilization or at mitigating the effects of slope move-
ments; ii) the interaction between active landslides and
man-made works, a typical problem in areas, occupied by
unstable formations, where are located facilities and in-
frastructures. This should provide data and information
useful to create a connection to risk and cost-benefit
analysis, and to guide stakeholders in risk mitigation de-
cisional processes.

Contact

medsymplandslides@gmail.com
www.facebook.com/msl|2021
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Chia Lagunia, South Sardinia, Italy, 13-16 June 2021

The 9th edition of the International Conference on
Computational Methods for Coupled Problems in Sci-
ence and Engineering (COUPLED PROBLEMS 2021) will
be organised on 13-16 June 2021 at the Chia Laguna re-
sort, set on the enchanting Chia Bay, on the south western
coast of Sardinia, Italy.

The previous eight editions of this conference were held on
the islands of Santorini (Greece) on 25-28 May 2005, Ibiza
(Spain) on 21-23 May 2007, Ischia (Italy) on 8-11 June 2009,
Kos (Greece) on 20-22 June 2011, Ibiza (Spain) on June 17
- 19 June 2013, San Servolo, Venice, Italy on May 18 - 20
2015, on Rhodes Island, Greece on June 12 - 14 2017 and in
Sitges, Spain on June 3-5, 2019

The objectives of COUPLED PROBLEMS 2021 are to pre-
sent and discuss state of the art, mathematical models, nu-
merical methods and computational techniques for solving
coupling problems of multidisciplinary character in science
and engineering. The conference goal is to make step forward
in the formulation and solution of real life problems with a
multidisciplinary vision, accounting for all the complex cou-
plings involved in the physical description of the problem.

The conference is one of the Thematic Conferences of the
European Community on Computational Methods in Applied
Sciences (ECCOMAS) and a Special Interest Conference of
the International Association for Computational Mechanics
(IACM). It is also supported by other scientific organizations
in Europe and worldwide.

Conference Topics

The conference topics will include (the list is not exhaustive):

e Artificial Intelligence and Machine Learning Techniques
e Coupled solution strategies

e |oose and strong coupling schemes

e Mathematical formulation of multidisciplinary problems

e Numerical Methods for Coupled Problems: Finite dif-
ference, Finite elements, Finite volume, Meshless meth-
ods, Particle methods, etc.
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e Optimum design in multi-disciplinary problems
e Parallel and Real Time computational techniques

e Applications in science and engineering:
Bio-medicine and bio-mechanics
Climate change
Computational design of functional materials,
Electro-magnetic-dynamics,
Energy and environment
Fluid-structure-interaction,
Geomechanics,
High performance computing,
Industrial manufacturing processes,
Multiphase flows
Multiphysics problems,
Multiscale problems,
Optimization and control,
Thermo-mechanical problems,
Transport and mobility
etc.

Conference Secretariat

CIMNE Congress Bureau

Campus Nord UPC

VAT: (ES)Q-5850006-G

Building C3 - "Zona Comercial"

Jordi Girona, 1-3 (08034)

Barcelona, Spain

Tel. +34 93 405 4694 / Fax +34 93 205 8347
coupledproblems sec@cimne.upc.edu
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EUROCK TORINO 2021 - ISRM European Rock Mechanics
Symposium Rock Mechanics and Rock Engineering from the-
ory to practice, 21-25 June 2021, Torino, Italy, http://eu-
rock2021.com
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HEE nternational
Conference
‘ on Sustainability
in Geotechnical
Engineering

Geodiversity
and Resilience

27-30 June 2021, Lisboa, Portugal
http://icsge.lnec.pt/#

The National Laboratory for Civil Engineering (LNEC) is
pleased to announce that the 1st International Conference on
Sustainability in Geotechnical Engineering, ICSGE, will be
held in Lisbon, Portugal, from 27th to 30th June 2021.

Scope and aims

Sustainability is considered to be a top priority for all man-
kind by United Nations. With that goal in mind, ISSMGE tech-

nical committee TC 307, aims to monitor, produce and dis-
seminate information regarding the contribution of geotech-
nical design and construction to a sustainable development.

This contribution includes adopting environment-friendly,
cost-effective and socially-acceptable choices.

In line with United Nations concerns, the first conference on
sustainability in geotechnical engineering is being organized
by LNEC, with the following goals:

1. To contribute and to disseminate information on sustain-
ability and resilience related issues in geotechnical engi-
neering.

2. To offer an exceptional opportunity for exchanges be-
tween specialists in the various disciplines.

3. To offer the widest possible forum to young or new au-
thors.

4. To give innovation an opportunity, by welcoming papers
devoted to new materials, techniques and applications.
5. To give an outlook of the future.

6. To offer a high scientific and technical level to match the
expectations of all participants.

Conference topics

a. Sustainability indicators, metrics and assessment tools in
geotechnical engineering

b. Innovative, environmentally friendly and energy efficient
geotechnical techniques

For site investigation

For waste containment

For remediation

For ground improvement

For construction

For monitoring

c. Sustainable use of geotechnical systems and materials
e Minimization, reuse and recycling of waste materials
e Smart materials

e Retrofitting of foundations and other geotechnical
structures

e Life cycle assessment

d. Use and reuse of underground space for beneficial pur-
poses

e Storage of energy
e Storage of carbon dioxide

e. Geotechnical techniques involved in the exploitation of re-
newable energy sources

e Shallow and deep geothermal energies
e Solar and wind energies
f. Socio-economic impacts from geo-activities
e Mining and petroleum extractions
e Dam construction
e Waste disposal
g. Geohazard (man-made and natural) vulnerability and
mitigation
e Effects of global climate change
e Multi-hazards
h. Practice of geoethics and maintaining geodiversity
i. Regulations on sustainability in geotechnical engineering
j. Education on sustainability in Geotechnical Engineering

Contact

LNEC Congress Centre
Secretariat

TA NEA THZ EEEEI'M - Ap. 135 - ®EBPOYAPIOZ 2020

ZeAida 32


mailto:coupledproblems_sec@cimne.upc.edu
http://eurock2021.com/
http://eurock2021.com/
http://icsge.lnec.pt/

Avenida do Brasil, 101
1700-066 Lisboa
Portugal

Tel. (+351) 218 443 483

Email formacao@Inec.pt
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3rd International Conference on
Natural Hazards & Infrastructure
Athens, Greece | June, 2021

ICONHIC2021 is coming to Athens

We are proud to announce that the 3rd International Confer-
ence on Natural Hazards & Infrastructure will take place in
June 2021 in Athens, Greece.

2021 marks the 200 years of the Independence of the Greek
State and the country’s capital is preparing to commemorate
this historic anniversary with iconic events throughout the
year.

At ICONHIC2021, we proudly endorse these events and invite

our delegates to jointly create a major conference, set to de-
fine a new era of progress, cooperation and new ideas.

@ D

GEOCHINA 2021 - 6™ GeoChina International Conference
Civil & Transportation Infrastructures: From Engineering to
Smart & Green Life Cycle Solution, July 19 to 21, 2021, Nan-
Chang, China, http://geochina2021.geoconf.org

o3
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3 Pan-American Conference on Unsaturated Soils

3rd Pan-American Conference on
Unsaturated Soils
25-28 July 2021, Rio de Janeiro, Brazil
https: anamunsat2021.com

Following the successful Pan-American Conferences on Un-
saturated Soils held in Cartagena de Indias, Colombia (Feb-

ruary, 2013), and in Dallas, Texas, USA (November, 2017),
we invite you to attend the 3™ Pan-American Conference on
Unsaturated Soils, which will be held in the city of Rio de
Janeiro, Brazil, in July of 2021. The conference will deal with
advances in unsaturated soil mechanics and discuss current
and future trends in practical applications. You will feel the
unique warmness the cariocas’ hospitality and have the op-
portunity to experience a modern city that presents itself as
a real-scale laboratory of unsaturated soil mechanics.

Preliminary Conference Topics

Barriers

Case Histories

Composite Materials

Education

Embankments

Expansive and Collapsible Soils
Field Measurements
Foundations

Fundamentals

Geotechnics of Roads
Laboratory Testing

Numerical Modelling

Slopes

Soil Properties
Soil-Vegetation-Climate Interaction
Tailings Engineering

Contact panam2021unsat@puc-rio.br

(C249-0)

5th International Workshop on Rock Mechanics
and Engineering Geology in Volcanic Fields
9+11 September 2021, Fukuoka, Japan

Contact Person: Prof. Takatoshi Ito
E-mail: jsrm-office@rocknet-japan.org

o3 D
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A GEOTECHNICAL
DISCOVERY DOWN UNDER
#th Internatianal ¥ E

10~ 2 Seprember
Purt el 1w 200 Intemuizral Co

7th International Young Geotechnical Engineers
Conference
A Geotechnical Discovery Down Under
10-12 September 2021, Sydney, Australia
http://icsmge2021.org/7iygec

In September 2021, the global community of soil mechanics
and geotechnical engineering practitioners will come together
in Sydney, Australia for the 20th International Conference on
Soil Mechanics and Geotechnical Engineering (ICSMGE). For
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the 7th time, young geotechnical practitioners will have the
opportunity to meet at their own dedicated Conference on
the days immediately prior to the ICSMGE in a relaxed,
friendly and supportive environment to share their research,
ideas and experience, build international networks and dis-
cuss the challenges facing young geotechnical engineers in a
rapidly changing world.

Our Conference will be held at the International Convention
Centre in Darling Harbour, Sydney over the three days prior
to the ICSMGE giving delegates the opportunity to remain in
Sydney for the main Conference.

This Conference seeks to provide a relaxed and supportive
environment for young geotechnical engineers to present at
their first major Conference with all delegates given the op-
portunity to present. We will have a particular focus on sus-
tainability and on issues facing young geotechnical profes-
sionals beyond 2021

Congress secretariat

ICMS Australasia
GPO Box 3270
Sydney NSW 2001

Ph: +61 (0) 2 9254 5000

Fax: +61 (0) 2 9251 3552
info@icsmge2021.com

o3

SYDNEY ICSMGE 2021 20% International Conference on Soil
Mechanics and Geotechnical Engineering, 12-17 September
2021, Sydney, Australia, www.icsgme2021.org

@ D

International Conference on
Textile Composites and Inflatable Structures
(MEMBRANES 2021)
13-15 September 2021, Munich, Germany
https://congress.cimne.com/mem-

branes2021 /frontal/default.asp

The tenth edition of the conference on Textile Composites
and Inflatable Structures (STRUCTURAL MEMBRANES
2021) will be organised on 13-15 September 2021 in Mu-
nich, Germany. The previous conferences of these series
were held in Barcelona (2003, 2007, 2011, 2015), Stuttgart
(2005, 2009) and Munich (2013, 2017). The last edition of
the Structural Membranes conference took place in Barcelona
on October 2019, in conjunction with the conference com-
memorating the 60th anniversary of the Imternational Asso-
ciation for Shell and Space Structures (IASS).

The objectives of Structural Membranes 2021 are to col-
lect and disseminate state-of-the-art research and technol-
ogy for design, analysis, construction and maintenance of

textile and inflatable structures. The conference will address
both the theoretical bases for structural analysis and the nu-
merical algorithms necessary for efficient and robust com-
puter implementation. A significant part of the conference will
be devoted to discuss advances in new textile composites for
applications in membrane and inflatable structures in the
building and construction sectors, as well as in innovative de-
sign, construction and maintenance procedures.

Structural Membranes 2021 aims to be a forum for dis-
cussing recent progress and identifying future research direc-
tions in the field of textile composites and inflatable struc-
tures.

Structural Membranes 2021 will be supported by the
IASS. It will also be a Thematic Conference of the European
Community on Computational Methods in Applied Sciences
(ECCOMAS) and a Special Interest Conference of the Inter-
national Association for Computational Mechanics (IACM).

Conference Topics

Design Methods
Numerical Methods for Structural Analysis
New Membrane Materials
Testing Procedures
Manufacturing
Construction Methods
Maintenance Techniques
Energy Aspects

Climate Impact
Environmental Aspects
Pressure Management
Adaptivity

Applications: Membrane roofs and covers, sails, inflatable
pavilions and buildings, airships, airspace structures, inflat-
able antennas, high altitude platforms, furniture, bio-mem-
branes, textiles for clothes, etc.

Administrative Secretariat

CIMNE Congress Bureau

Campus Nord UPC

VAT: (ES)Q-5850006-G

Building C3 - "Zona Comercial"

Jordi Girona, 1-3 (08034)

Barcelona, Spain

Tel. +34 93 405 4694 / Fax +34 93 205 8347
membranes@cimne.upc.edu

(C249-0)

LATAM 2021 - IX Latin American Rock Mechanics Symposium
Challenges in rock mechanics: towards a sustainable devel-
opment of infrastructure, 20-22 September 2021, Asuncion,
Paraguay, https://larms2021.com

GeoAfrica 2021 - 4th African Regional Conference on Geo-
synthetics Geosynthetics in Sustainable Infrastructures and
Mega Projects, October 2021, Cairo, Egypt, https://geoaf-
rica2021.org
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Eurock 2022

Rock and Fracture Mechanics in Rock Engineer-
ing and Mining
13+17 June 2022, Helsinki, Finland

Contact Person: Lauri Uotinen
E-mail: lauri.uotinen@aalto.fi

o3

3 European Conference on Earthquake Engineering and
Seismology (3ECEES), 19-24 June 2022, Bucharest, Roma-
nia, https://3ecees.ro

@ D

- 20(5)22
UNSAT2022 = e

UNSAT2022
8th International Conference on Unsaturated
Soils
June or September 2022, Milos island, Greece

N

=

@ D

12 ICG

12th International Conference on Geosynthetics
September 18 - 22, 2022, Rome, Italy

o3

15th ISRM

International Congress in Rock Mechanics
9+14 October 2023, Salzburg, Austria

Contact Person: Prof. Wulf Schubert
E-mail: salzburg@oegg.at
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Advancements in Large Diameter TBM Tunnel-
ing

Over the past two decades soft ground and mixed face TBM
tunnels have increased in diameter such that the term ‘large
diameter TBM tunnel” has become common usage. However,
there is no actual definition of what constitutes ‘large.’ There-
fore, in this article ‘large’ will refer to any tunnel of 30 ft, or
greater, internal diameter.

Prior to the development of closed face TBM technologies
large diameter soft ground tunnels were confined to favora-
ble tunneling strata and constructed using compressed air.
Examples include the Blackwall Tunnels (1897) under the
Thames in the impermeable London Clay in London or the
Hudson Tunnel (1927) and the Lincoln Tunnel (1938) in the
United States. Many deaths occurred during the construction
of these tunnels under difficult ground conditions. In 1997
the Tokyo Bay Aqualine Tunnel opened to traffic. This tunnel
was 23 years in planning and 9 years in construction. It com-
prises twin two-lane 39-ft ID highway tunnels 9.6 km long.
The tunnels were bored through soft alluvial soils by eight
Kawasaki slurry 46-ft OD TBMs. The 23-year gestation of the
project is in part due to the absence of a tunneling system
capable of handling the ground conditions both safely and
economically. This project represents one of the first major
projects reliant on pressurized closed face TBM technology.
Since this achievement, the appetite for large diameter tun-
neling in challenging ground conditions has grown.

Closed face pressurized TBMs that were developed specifi-
cally to operate in either loose non-cohesive soils below the
groundwater table and soft clays are now commonly used to
excavate through mixed face conditions of soil and rock, and
full faces of rock.

The two principal types of closed face pressurized TBM, the
slurry and earth pressure balance (EPB) have been joined by
hybrid TBMs that can operate in either mode depending on
ground conditions. However, the TBM diameter must be large
enough to accommodate the two separate mucking systems,
conveyor belts and the slurry circuit plus segment and other
materials transport and ventilation ducting.

Lining Design

While for the most part the design methods and procedures
for designing large diameter tunnels are the same for any
other segmentally lined tunnels there are specific areas that
require special attention. In particular the longitudinal behav-
ior.

In soft and loose soils, shafts can comprise fixed points an-
choring the floating tunnel structure. This fixity leads to the
tunnel adopting a sagging and hogging profile. This action
occurs irrespective of tunnel diameter but the larger the di-
ameter the greater the consequences. These can include local
overstress at the crown and invert in the circle joint as the
rings attempt to conform to the profile by pivoting about ei-
ther the crown or the invert. This overstress should not lead
to a catastrophic failure but it can comprise sealing gaskets
causing long-term maintenance issues. Either by creating
seepage paths behind the gasket or reducing the compres-
sion force closing the gasket. In smaller diameter tunnels this
can be mitigated by using a flexible joint between the seg-
mental lining and the shaft wall. However, in large diameter

tunnels this may not be sufficient and additional measures
may be required to limit the longitudinal movement. This
could be tensioned through bolts in the circle joint, to in-
crease the longitudinal stiffness and limit deflection.

Liang Tang Tunnel: 58ft Dia EPB TBM
Monitoring and Control of TBM Operating Parameters

The physical principles by which these TBMs operate are well
understood. However, less well known is the essential role
that the ancillary systems play. These include the PLC and
SCADA systems that monitor, log and facilitate the control of
the TBMs in the ground. The sheer volume of data that a TBM
system generates is staggering and potentially bewildering.
These systems can be divided in two principal functions.
Those that monitor the ‘health’ of the TBM and those that
monitor the performance of the TBM in the ground.

An example of the former is the continuous measurement of
temperature of the various lubricants and other fluids in the
main bearing and other moving parts. The latter include face
pressure, flow volumes and density of the slurry in the slurry
circuit to determine the volume of muck excavated with each
TBM advance. Similarly, belt scales and laser systems deter-
mine the volume of muck excavated in an EPB TBM. The
larger the TBM the more critical these measurements are in
order to assess the ground behavior and minimize ground
loss and potential settlement. It is becoming increasingly
common to link the real time readings of ground movement
instrumentation to the TBM PLC. This allows the measured
‘bow wave’ settlement to be used as a predictive tool to de-
termine total settlement allowing the TBM operating param-
eters to be adjusted as the TBM advances.

Parallel Operations

Large diameter tunnels allow parallel operations to be under-
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taken during construction unlike for smaller tunnels where
these activities have to be undertaken in series after comple-
tion of each operation. On AECOM’s Chong Ming South Tunnel
a precast central deck element was placed immediately be-
hind the TBM that provided materials access and formed part
of the permanent road deck. The precast element was fol-
lowed in turn by cast in place concrete works to complete the
road deck. AECOM’s Tuen Mun Chek Lap Kok Link (TM-CLKL)
tunnel represented a significant progression with full width
precast deck elements being placed behind the TBM and the
overhead vent similarly formed of precast elements reducing
cast in place work to a minimum.

Chong Ming South: Central Precast Deck Unit

TM-CLKL: Cross Passage Construction

Another innovation made possible by large diameter TBM
construction is mechanized cross passage construction. This

was carried out on TM-CLKL tunnel using a slurry microtun-
neling TBM with a pipe jacked lining.

Cutterhead Intervention

Tool replacement or cutterhead maintenance remains the
most high-risk activity in the tunneling operation. It is possi-
ble to minimize the potential for unscheduled interventions
by creating grouted blocks as safe havens in which cutter-
head inspection and maintenance can be carried out in at-
mospheric conditions. In addition, various technologies exist
to change cutting tools and clear blockages without the need
for entry to the pressurized cutterhead.

On the two Herrenknecht slurry TBMs employed on the Chong
Ming South tunnels access to a limited number of tools was
provided via cutterhead spokes. These tools could be re-
moved and replaced through a stuffing box system. Recent
advancements in large diameter TBMs provide for disk cut-
ters and cutting knives to be replaced atmospherically from
the back of the cutterhead using guillotine type doors. Exam-
ples include the Istanbul Strait Crossing TBM and Bertha for
the Alaskan Way Tunnel TBM.

Chong Ming South TBM: Person-Entry Through Cutter Head
Spokes for Cutting Tool Changes
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TM-CLKL: TBMs in Recovery Shaft

S

Qs

In the case of the TM-CLKL Tunnel, remotely operated ro-
botic technology was used to change cutting tools. A robotic
device known as the JetSnake developed by OC Technologies
and Bouygues on the Port of Miami Tunnel was used. This
device incorporates a television camera, high pressure water
jet and laser profiling device to measure disc cutter
wear. This device, as the name suggests, is capable of con-
trolled movement in three dimensions allowing it to access
all parts of the cutter head. In addition to the JetSnake the
TELEMACH disc cutter changing system was used on TM-CLKL
and the 46-ft diameter EPB TBM for the Liang Tang
(Lungshan) tunnel projects. This system comprises a pa-
tented disc cutter locking system known as ‘Muquet’ and a

robotic arm. A typical disc cutter installation comprises 11
parts while Muquet comprises a single piece. This innovation
allows the removal and replacement of a single disc cutter to
be carried out in as little as 25 minutes.

While the technologies outlined above have been proven suc-
cessful on large diameter TBMs of both the slurry and EPB
type, the need for entry in to a hyperbaric atmosphere re-
mains if only to recover and repair these tools in the event of
a mechanical breakdown, or damage.

Another trend is tunneling at deeper depths. For example,
the Chong Ming South Tunnel is located 200 ft below the
Yangtze surface and similarly the Westerschelde Tunnel is at
a similar depth below the Scheldt Estuary in the Netherlands.
Hyperbaric interventions would have to be carried out at
pressures of up to 8 bar on these projects. For the Wester-
schelde tunnel, modifications were required to the cutterhead
approaching the deepest section of the tunnel. A compressed
air intervention could not be carried out at 8 bar without ex-
posing personnel to unacceptable safety hazards. Therefore,
the saturation diving technique was employed. This com-
prises a team of divers living in a hyperbaric habitat and be-
ing transported to the TBM in a pressurized shuttle that docks
with an airlock on the pressure bulkhead.

TM-CLKL: Hyperbaric Shuttle

The divers breathe mixed gases throughout their stay in the
habit on occasion working for months at a time before de-
compression. Decompression can take a number of days as
the pressure is reduced in a series of calibrated steps until
atmospheric pressure is achieved. Experience gained on the
Westerschelde Tunnel informed the design and TBM technical
specifications for the TM-CLKL where the technique was em-
ployed to supplement the robotic technologies also available
to inspect and replace cutting tools. Similarly, for the Istanbul
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Strait Crossing subjected to 12 bars of water pressure, four
hyperbaric interventions were required.

Closing Remarks

TBM diameters have increased over the past decades to the
point where planners and some others believe there is no
limit to the diameter that can be built. While this may be true
in the future the increase in TBM diameter is at, or approach-
ing, the practical limit based upon current technologies.
Therefore, careful consideration and caution must be applied
in planning for even larger TBM tunnels.

(Bob Frew, AECOM's Subject Matter Expert of large diame-
ter TBM tunnels, February 21, 2020, https://tunnelin-
gonline.com/advancements-in-large-diameter-tbm-tunnel-

ing)
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Seismic Isolation Systems

Animation of seismic protection systems - mageba
pendulum bearing

https://www.youtube.com/watch?v=I11NWtVaTg7I&fea-
ture=share&fbclid=IwAR1BjLrrt3bIl-saauZVIQtG8WQIT-

HKIBJZJ6nCxhor3Z6XF2IXNyOi4-k

THK Seismic Isolation System Introduction

https://www.youtube.com/watch?v=7e023o0eXJIw

Seismic isolation system by Japan society of seismic
isolation

https://www.youtube.com/watch?v=Fk 3zjTDKm4
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AVTICEIOHIKR OWPAKION ONMWG EVEPYEIAKN ava-
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Ta ktipia otnv EAAGSa

M laan 10 Erog avErEpans
{any napévecn, necalih enf ou auwdhou) 7

200 Ewg 2001 T

476,507 1.051.957

(1161 256} &
1986-2000 \ “} i
830.990 2

19511985

1.746.183

W)

-_me\['t_ TEPEI O EAEMXOE TON AHMOEION KTIPION
80.000  17.000

Snpocea sTipin 0T EARBSG Biouy EbeyeBl and ve 2001
META TON ZEIZMO TOY IOYAIOY 2019 ETHN ATTIKH
954 355 | 170 28

Aoyus ocfiapin
[ Py

ant uhm_lwmnc Bhsger

Ty Bl

and v £TaipEln
akuponic Yrobopics

Wiy

H avaykn evog geyaAou NpoypdappaTog avTIoEIoNIKNC Bwpaki-
ong Twv KTIpiwv, dNHOCIwV Kal IBIWTIK®OV, EPXETAlI OTO MPO-
OKNVIO, KABE Qpopd Nou oI OEICKIKEG DOVATEIC OTN XWPad f oTNn
YEITOVIA HAG «TApAKOUVOUV» TOV €pNoUXacpo. Ta KTipia otnv
EAAGDa dianepvwvTal and dia Peyain avTigaon: ano Tn pia
00a kTioTnkav pPeTa To 1985 kai €1d1ka perd 10 2000 €£x0UV
aveyepBei —epoOoov Tnpndnkav ol 6pol— Pe a&idnioToug avTi-
O€IoNIKOUG KavoVvIopoUG. Ano TNV aAAn, To NooooTO TWV KTI-
piov autwv dev Eenepva To 1/3 TWV KATAOKEUMV ME OMAI-
OHEVO OKUPODENA (TOIMEVTO) Kal gival KATw Tou 20% Tou ou-
VOAOU TWV KTIPIWV TNG XWPAg.

«MoOVOo To 55% Twv kaTaokeuwv oTnv EAAGda eival and onAi-
opEvo okupddepa, Ta undhoina GEpouv POVO Toixonolia, Ku-
piwg ano néTpa. Ta NETpiva KTipla dev €xouv, Npopavwe, a-
KoAouBroel kanolov avTICEIGUIKO kavoviopd. Eav unoAoyi-
OOUWE KAl TO MOCOOTO TWV KTIpiwV and okUupOdEUa nou £XouV

aveyepBei npiv and 1o 1959, 6Tav B0niocTNKE 0 NPWTOC Ka-
VOVIOHOG, BAENOUNE NwG oXedOV To 60% TwV KTIPiWV TNG XW-
pag dev €xel KTIoTei cUUPWVA PE AVTIOEIONIKEC npodiaypa-
®EG», Aéel oTnv «K» o0 k. KwvaTavTivog Znupdkog, kadnynTng
AVTICEIONIKOV KaTaokeuwv aTn oXoAn MoAITIKov Mnxavikmv
Tou EMI. Aev onuaivel nwg dAa autd Ta KTipla ival enikiv-
duva (g€aAlou Ta neplocOTEPa €xouv avTeEel oe geiopolg),
aAA@ €xouv anodeixBei nio eUAAWTA OE I0XUPEG OEIONIKEG OO~
VNOEIC KAl KaTanovouvTal YE TOo NEPAcua Twv eTwV. «Eidaue
TIG {NMIEG OTA METPIVA KTipld PETA TOUG OeloPoUGg oTn AgaBo,
otn Asgukada, otnv Au@ikAsia. Eniong, eunabn KTipia unap-
XOUV WETAEU eKEIiVWV HE NUAWTEG, Ta onoia €xouv aveyepOei
npiv and Tn 6£0mnion TwV IOXUPW®V AVTICEIOUIKWV Kavovi-
OUV>», CUPNANPWVEI 0 K. ZNUPAKOG.

O avTIoEIGHIKOG OIKOJOMIKOG KavoVvIouOg Tou 1985, peTd Toug
10XUpoUC oIohoUG og ABriva kal @sgaalovikn, BewpeiTal Nwg
avapadbpice onuavTikda To eninedo nNpooTaaciag yia TG 0Ikodo-
MEC TNG XWPAC, EVR TO ENOPEVO Bripa €yive To 2000 (PETa Tov
10xUp06 oelopo oTnv Napvnba) énou unnp&e noloTikr avapas-
Mion Tng Bwpdakiong TwV KTipiwv. 'OJwg, Ta KTipia nou ave-
vEpONkav peTa&l 1985-2000 sival nepinou 1o 20% dowv dia-
B£TOUV ONAICPEVO OKUPODENA, EV® PETA TO 2000 KTioTNKE ne-
pinou 1o 12% Tou guvoAou. Ti yiveTal e Ta undAoina;

AUOTUX®G, UNAPYXOUV HEYAAA KEVA OTOV EAEYXO TNG OTATIKNAG
enapkelac. Kar’' apxac ora dnuodacia KTipia, MOU CUYKEVTPW-
vouv o€ kabnpepivry Baon nAnBog KOOUOU: VOOOKOWEIa, axo-
Aeia, dnuoOoIEg unnpeoieg, navw anod 80.000 kTipia naveAia-
31ka NoAAd anod Ta onoia €ival peydAng nAikiag. To 2000 ano-
(PacioTnNKe €va Npoypappa eAEyXou TWV dNUOCIOV KTIPIWV.
ZRuepa, oxeddv 20 xpovia Peta dev exouv eheyxBei navw and
17.000-18.000! Me TOoug puBpolg auTtoUC analToUvTal a-
Koua... 60 xpdvia yia va oAokAnpwBei To npoypappa. Kanwg
anaAUveTal n €IkOva and To YEYOVOC NWG TaA KTipIa MOU €X0OUV
eAeyxBei ival KUPIWG EKEiva NOU GUYKEVTPWVOUV MEPIGCOTEPO
kOopo. Eniong, nwc ol Mo CEICHOYEVEIC NEPIOXEC, ONwG Ta 1o-
via, r ol nio NoAunAnBeic (O6nNwg n ATTIKN) €XOUV NPOXWPNJEI
NEPICOOTEPO OTOUG EAEYXOUG.

«To nNpOypapua eAéyxou TwV dNUOCIWV KTIpIWV KaBUOTEPEI
AOYW TNG ypapelokpaTiag kai kupiwg Adyw Tng EAAEIWng npo-
ownikoU. O €Aeyxo¢ TwV OXOAgiwY, yia napddsiypa, gival atnv
appodidTnTa TG Tonikng Autodioiknong. AAAG kel avapepo-
VTal HEYAAQ KEVA PNXAVIKOV», ONUEIMVEl 0 K. ZNUPAKOG.

«H xwpa XpelaleTal Eva EKTETAPEVO KAl OAOKANPWHEVO Npo-
YPAUHa NpoosiopikoU €AEYXOU Kal AVTIOEIOWIKAG NpoaTaaciag
I0IWTIKWV Kal ONUOCIwV KTIPiwV, NOU va KAAUNTEl OHwG OAa
Ta dounuaTa: Pvnueia, YEQUPEC Kal TEXVIKA €pya, epayuaTa
Kal OAgG TIG unodoueg. To TEE exel cuPPBAAel e Ta €BVIKA Npo-
ypaupaTta ANTYK kal EMANTYK oTnv evnuépwaon Kal TEKKNPI-
Won npog TIG €BVIKEG KAl dNMOTIKEG ApXEG. XpelaleTal OPwWG
kal dpaon», Aéel atnv «K» o0 npdedpoc Tou Texvikou EnipeAn-
Tnpiou EAAGBOG (TEE) k. MNwpyog ZTacivog. «MpoTeivoups va
NPOXWPNOEI AUECA 0 EAEYXOG OAWV TWV ONUOCIWV KTIPIWV HE
Aapeco NpwToBAbUIo NPOCeIopIKO EAEYXO DOMIKNAG TPWTOTNTAG,
Kabwg €xel eAeyxBei AiyoTepo anod 1o 25% Twv dNUOCiwV KTI-
piwv>», avapepel.

Ta 1810TIKaG

T yiveralr dpwg pe Ta 10IWTIKA KTipld; «YNApXouv Td KTipia
ouvabdpoliong koivoU, 6nw¢ ol KivnuaTtoypagol, Ta 6€aTtpa, Ta
Eevodoxeia pe ouvedplakeg aiBouoeg K.An., Ta onoia npénel va
IepapxnBolv>», unoypaupilel o K. SNUpAkoc. «Ano ekei Kal
népa xpeldderal 101aiTePn Npovold yid TNV avTICEIOPIKA Evi-
oxuon TwV NaAoTEPWV KTIpiWV. Aev €xel vonua, yia napa-
delypa, va yiveral evepyeiakr avaBadpion KTipiov Xwpig va
£XEl EAeyXBei n oTaTIKOTNTA TOUC», CUUNANPWVEI 0 KABNyNTAG
TOU EMIT.

MNwg Ba yivel; «XpeialovTal KivnTpa OIKOVOUIKA. ZTn YEITOVIKN
ITalia epapudleral To Npoypappa casa sicura (giyoupo oniti)
onou divovTal gopoandAAayeg yia Toug IBIOKTATEG Ol onoiol
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npoxwpoUV O€ aVTICEIOHIKN €ViOXUon TWV KaToIKI®V TOUG,
ano 90.000 eupw yia kABe 1010kTNOIa, anaAAayn nou Pnopei
va aveBei avaloya Pe TNV €KTAoN TV ENEPBACEWV. To KEPDOG
€ival NoAAanAG: aoQalelad TWV KATAOKEUWV Kdal avalwoyo-
vNon TNG olkovouiacg. H avTiosiopIkn TeXVoAoyia €xel avanTu-
¥Bei NoAU kal To kKOOTOG TWV NAPEPPRACEWY EXEI NECEL. Z€ KABE
nepinTwon €ivar NoAU HIKpOTEPO TNG {nMIAC NMou WNopei va
npokAnBei». O k. Znupdkog ONUEIVVEI NWG XpelalovTal eni-
nAéov PETPa Bondeiag yia Toug ISIOKTATEG dIaTNPNTEWV KTI-
piwv, kaBwg ol avaykaieg napeuPaoceig eival nio danavnpeg He
anoTéAegpa va odnyolvTal oTnV eyKaTaAgiyn.

«Ta 10IwTIKA KTipia pnopoUv va eheyxBoUv og €va Badog xpo-
vou, napaAAnAa pe Tnv kabigpwon TnG HAekTpovikng TauTod-
TnTag KTipiou kal paAiora va doBsi npoTepaldTnTa O O0a €-
XOUV XTIOTEI Npo Tou 1985. To id10 Ba oupBei, EKTINW, KAl HE
TIC unodopég, péoa and Tn dnuioupyia Tou EBvikoU MnTpwou
Yrnodopwv. NMapdAAnAa, va doBolv pdvipa oIKOVOUIKA Kivn-
Tpa yia Tnv evioxuon ISIOTIKOV KTIPIWV nou dIaTpEXOUV Kiv-
duvo BAaBwv anod oeiouod, yia napddelyua Ye EKNTwon eopou
OXI MOVO YIa TIC Epyacieg, nou Ndn npoBAEPONKE, aAAa Kal yia
Ta avaykaia uAikd. Kai npénel eniong va ouvdeBolv Ta npo-
YPAUUATa CEIOHIKNG EVIOXUONG MUE EKEIVA TNG EVEPYEIAKNG €-
Eolkovounong», NpoTeivel anod TNV NAEUPA ToU O K. ZTACIVOG.
«Aev unopei va £xoupe noAiTeg dUo KaTnyopi®V: autolc nou
Couv o€ nahaid kTipia Ta onoia XTioTnkav Xwpig avTioEIoNIko
KavoVvIouo Kal autoUg Nou €xouv ouyxpova Kal kaTtda To duva-
TOV ao@aAn KkTipia», unoypappidel o npoedpog Tou TEE.

O ocIoHOG Kal o1 31EUBUVTEG!

AMoOKAAUNTIKA TNG KATACOTAONG MOU EMIKPATEI 0TOUG drHOUG,
OXETIKA ME TNV AVTICEIOYIKI NPOOTACia TWV OXOAIK®V KTIpiwV,
gival 6oa €yivav PeTa Tov oeiopd Twv 5,1 Pixtep Tng 19ng I-
ouAiou 2019 atnv ATTikR (MayoUAa). TOTE ol NepICCOTEPOI On-
poi angeuBuvOnkav oTnv eTaipeia KTipiakeg Ynodopeg (KTYM),
OMou avnKouv Ta KTipia Tou Anuoaiou kal ATnoav cuvepyeia
punxavikwv, dnAwvovTtag aduvapia va npaypatonoioouy €-
Aéyxouc! Kabwc oUTe kai n eTaipeia KTYM pnopouos va avta-
nokpiBoei guvoAikd (anoduvapwpevn and pnxavikoug), ¢nTn-
BnKe ano Toug... JIEUBUVTEC TWV OXOAEiwV va KAvouv éva
npwTo ONTIKO €Aeyxo! Eav o SieuBuvTng €BAene (kal pnopouoe
va kaTtaAdaBel...) npoBAnua, TOTE €1donoloUoE TOUG Hpnxavi-
koUg! ZUppwva Pe Ta oTolxeia nou dnuocisucav ol epyalope-
vol oTNV «KTIpIakES YNodopEg» eAéyxBnkav 909 oxoAIka KTi-
pla-ouykpoThpaTta (355 ano Ti¢ KTYM, Ta unoAoina and Toug
dnuoug) anod Tig 3.080 Tou ouvoAou. An’ 6ca eAeyEav KAIPAKia
Twv KTYMN Bpgbnkav 164 pe BAABeG, evw yia 28 kpibnke ana-
paiTNTN N €KKEVWON Toug. ‘OXI KAl TOOO ATPWTA...

(Mavvng EAappog / H KAOGHMEPINH, 03.02.2020,
https://www.kathimerini.gr/1062987/article/epikairothta/ell
ada/antiseismikh-8wrakish-opws-energeiakh-anava8mish)

o3

Moia gival Ta «OEIoHIKG>» KEvVA Tou Ioviou nou
dev £€Xouv akopn diappayei

2e10p0G : PRiypaTta nou npoBAE€neTal va 3®O0OUV I0XUPEG
dovnoeig évraong 5,5 — 6,5 pixTep HEoa oTa enOpeva 20
XPOvia evTonioav ol ENICTAHOVEG o€ Asukada kail Kepa-
Aovia - Napapévouv «o1wNNAa» Ta TeAeutaia 37 xpo-
via.

Mia EKKPEPOTNTA... AIOVWV EKAEICE, CUNPWVA KE TOUG ENIOTA-
HOVEG, O IGXUPOG CEIGUOG Nou oKOpnige Tov Bdvato oto EAa-
Ciyk Tng Toupkiag Tnv nponyoupevn €Bdopada: To onueio aTo
onoio npokAnGnke n dovnon Twv 6,8 pixTep To BPAdu TG
24n¢ Iavouapiou ATav To Jovadiko KOPNATI TOU pryHaTog TNG

AvaToAIknNG AvaToAiag — evOg pryMaTog PE OUVOAIKO HAKOG
470 xAJ. — nou dev eixe dlappayei noTé oTnv 1oTopia. ‘Hrav
£va «OEIoNIKO KEVO», ONWG anokaAoUV To (pAIVOUEVO Ol EPEU-
VNTEG, NOU OAOI QVEHPEVAV va «OMNAcEl» napdayovrag évav I-
OXUPO OEIoNO- OPWG Kaveic dev yvwpile To NOTE...

ILICHIKD KEYD
pAKous 6 xip.
SU¥DHIKOTMOS
5.5 pixtep

ZEICHIKD KEVD

pAKoUs 14 xip.
JUYDpIKOTmMOS
6 pixtep

IEIGHING KkEvD S
paKous 30 xhp.
Su¥opIKOTmDs

(S

N CEPHALONIA
3011 4 5 ;

AvTioTOIXa «OEIONIKA Keva» evToniovTal kal oTnv EAAGda kai
OUYKEKpIPEVA oTo KevTpiko IdvVIo, Ta onoia Napapévouy «oiw-
nnAG» Ta TeAeuTtaia ToulayioTov 37 xpodvia napd Tnv €vrovn
OEIoHIKN 0pacTnPIOTNTA MOU EXEl ONUEIWOEI TNV NEpIoXH né-
pI€ autwv. Ta osiopIkaG Keva Tou loviou xapToypa®nénkav
nAApwG To 2016 0 PEAETN MOU MpaypaTonoinénke HE TN
xpnon dedopévwy diaoTnuikAG Yewdaloiag kai n onoia dnuo-
OleUTNKE o€ 01OV enioTnUOVIKA MNEPIODIKA, HE EMIKEPAANG
Tov oglohoAOYo Kal dieubuvTn Epeuvmv Tou Mewduvapikou Iv-
oTitoUTou dpa ABavaacio Mkava.

«KA&18i yia npoBAéyeig»

«0 oeIopog oTo EAaliyk EKAEIOE TO OEIOUIKO KEVO MOU UNNPXE
KATA PAKOG TOU pAYHAToG TNG AvaToAlKnG AvaToAiag», Enyei
ota «NEA» o 8p Mkavdg. «To GUYKEKPIMEVO priyHa anoTeAeiTal
ano enTa KOPPATIA, TO KaBéva Pe pAkog anod 50 £wg kal 100
XIAIOPETPA, Ta onoia «onave» avefapTnTa Kal napayouv oel-
OMOoUG PeYEBOUG 6 £wg 7,5 pixTep. O NMponyoUNEVOC HEYAAOG
OEIoHOG €ixe onpelwBei oTnv nepioxn MnivykoA — nepi Ta 100
XINIOPETPA avaToAikoTepa — To 2010, pe péyebog 6,1 pixTep.
To KOPMATI TOU pRyHaTog nou éonace voTia Tou EAadiyk oTig
24 Iavouapiou pe péyebog 6,8 pixTep nTav 1o Yovadiko yia To
onoio dgv €iXAUE IGTOPIKEG KATAYPAPEG ApA ANOTEAOUOE «OEl-
OMIKO KEVO>.

To yeyovog auto eniBeBaiwvel Tn Bewpia TOU «OEIOUIKOU Ke-
voU» kal anodeikvUel 6Tl AUTh OUVIOTA €va KAEIDi yia Tnv npo-

TA NEA THZ EEEEI'M - Ap. 135 - ®EBPOYAPIOZ 2020

ZeAida 41


https://www.kathimerini.gr/1062987/article/epikairothta/ellada/antiseismikh-8wrakish-opws-energeiakh-anava8mish
https://www.kathimerini.gr/1062987/article/epikairothta/ellada/antiseismikh-8wrakish-opws-energeiakh-anava8mish
https://www.tovima.gr/wp-content/uploads/2020/02/03/seismos.jpg

BAswn Twv peAlovTIK®V dlappnEewv navw oc PeydAa pny-
pata Tou NAavATn €QOCOV €ival YVWOTO TO OEIOHIKO 10TOPIKO
TOUG, TO Onoio pnopei va anokTnOei pe ouvduaopd yewAoyi-
KWV Kal OEIOPOAOYIKWV HEBOSWV>», NPOTOETEI.

IEIGPIKD KEVD
piKous 6 xip.
duvopIKoTmos
5.5 pixtep

g -

IEIGPIKD KEYD

piKous 14 xip.
JuvopIKeTmos
6 pixtep

IEIGPIND KEVD S
pikous 30 xdy. fE
du¥npIKoTmos

Me Tov i3I0 TPOMO Ol ENICTHHOVEG KATOPBWOav va evTonicouv
Ta onueia oTa onoia avapéveral va ekdNAwBoUV ol ENOMEVOI
peyaAol osiopoi Tou KevtpikoU Ioviou. MpokeiTal yia Tpia Koy-
MaTIa PEYAAWV pnyMATwV Ta onoia dev «€onacavs» Kata Tn
didpkela NpOOPATWV I0XUPWY CEICUWV: TO NPATO «OEICHIKO
KEVO», HAKOUG 6 XINIOUETPWY, evTonileTal KATA WNKOG TNG du-
TIKNG akTNG TnNG Agukadag, 1o SeUTePO, PNAKOUG 14 XIAIOWE-
Tpwv, BpiokeTal BopeloduTIka TNG Kepalovidag Kal To TpiTo Pe
unkog 30 XIANIOPETpa KaTeypd®n oTIG SUTIKEG AKTEG TOU Vn-
gloU. ZUP@wva Pe Toug €1dIkoUC, Ta onueia autd unopei va
dwaoouv oelopoUg évraong ano 5,5 £wg 6,5 pixTep kal napdT
dev gival eUKOAO va NPoBAEPBEi XpOVIKA N GUUNEPIPOPA TOUG
avapéveral 0TI Ta CUYKEKpPIKEVaA onueia Ba diappayouv evtog
TWV ENOPEVWV 20 ETMV.

H xaptoypagnon

«Eneidn yia 1o Iovio dev £xoupe naAaloosiopoAoyika dedo-
péva, To Kevo auTtd avanAnpwoav Ta dedopEva dIaoTnHIKAG
yaiwdeoiac», Aéel o dp Mkavag neplypagovrag Tn diadikacia
nou akoAouBnaoe o i510G Kal n €NICTNHOVIKN Tou opada yia Tnv
nepinTwon Tou KevtpikoU Ioviou. «AElonoliwvTac auta Ta de-
dopéva, XapToypaPnoape AENTOUEPWG TNV €3APIKN napapop-
(PWOon Nou €iXe NPOKUWEI OTNV MNEPIOXH anod TEGOEPIC naAald-
TEPOUG 10XUPOUG OEIOHOUG», AEel. 'HTAv Ol OEIOUIKEG BOVNOEIG
TnG 14n¢ AuyouaoTou 2003 nou eixe NnAREesl Tn Agukada e 6,2
piXTEP, OI OEIOUOI PeEYEBOUG 6,1 kal 6 pixTep NMou ekdNAWON-
kav otnv KegpaAovia Tov Iavoudpio kal Tov ®eBpoudpio Tou
2014 kai n ddvnon Twv 6,5 PiXTEP NMOU ONUEI®BNKE oTNn Agu-
kada Tov NoéuBpio Tou 2015. Mpiv and auTtoug, To 1983 otn

BaAdooia neploxn voTIodUTIKA TNG KEPaAovidag ixe npokAnBei
OEIoNOG 6,8 pixTeP. ‘'ONoI ATAV Qaivopeva Heyaing 1oxUog nou
gixav npokaAéoel anwAeieg avBpwnivwv {wwv, UANIKEG KaTa-
OTPOPEG Kal €dAPIKEG METATOMIOEIC £WG Kal 36 EKATOOTMV.

Map’ 6N’ auta Ta akpifn Opla Twv pnyudaTwv Nou ixav npo-
KAA£0€l auToUG TOUC OEIoNoUG, dev NTAV YVWOTA KaBwg dev
€iXav enpaveiakeg ekdNAWOoEIG. Méow Twv dopuPOPwWV ano-
KaAU@Onkav Ta OpIa TOUG Kal OTn CUVEXEIQ EvTONioTnNKav Ta
OEIOPIKA KEVA» PETAEL TwV d1adoxIkwV diappnEewv. AuTa Ta
KEVA 01 OEIOPOAOYO!I Bewpouv OTI Ba «yepicouvs Ue dlappn-
Eeic, kal ouvenakOAouBa oeiopolG, Ta endpeva xpovia.
SNUEI®VETAl OTI N NEPIODIKOTNTA TWV CEICHWV OTO KeEVTPIKO
Iovio €ival nepinou 40 £€Tn. A TOV EVTONIONO TWV «OEICHIKMOV
KEVWV>» Ol €MICTHANOVEG aglonoloUv Ta enaAnbsupéva enioTn-
Movika dedopéva Kabwg yia ogiopoUs yVWaoToUG anod I0TOPIKEG
avaQopéEg dev gival duvaTtog o akpiBng NpoaodiopIoPoG Tou &-
NIKEVTPOU.

MeTaronion £3a@oug ano Tov GeIoHO TnG Toupkiag

EvTunwaolakn PeTaTonion Tou £dA@OuG NPOKAAESE 0 OEIONOG
TnG Toupkiag aTig 24 Iavouapiou Tou 2020. SUPPWVA HE PE-
TPNOEIC £peUVNTWV Tou Mewduvapikou IvoTiTouTou Tng ABn-
vag, To £3aQog eKaATEPWOEV TOU PRYHATOC MWETATOMIOTNKE
KaTd... 70 EKATOOTA EV® TO OUVOAIKO PAKOG TNG diappnéng a-
VEPXETAl o€ 40 XINIOUETPA. H guvoAikn ékTaon Tng napapdp-
QPWong aveépxeral oe 350 TeTpaywvika XIAIOMETPA, £KTaon
oTtnv onoia evronilovTal Kal PIKPOTEPEC PETATONIOEIC. Ta OU-
MnepAocuaTa npogkuyav and avaiuon dopuPopikwy OedouE-
VWV Mou npaypaTtonoinoav ol €peuvnTeG Tou Mewduvapikou
IvoTitoUTou SwTnpng BaAkavioTng, ABavaciog Mkavag kai
BapBapa Tolpwvn.

(ToBHMA Team, 03.02.2020,

https://www.tovima.gr/2020/02/03/science/poia-einai-ta-
seismika-kena-tou-ioniou-pou-den-exoun-akomi-diarragei)

(C249-0)

Ze10poi oTnv EAAGda: Ano Tnv apxXaioTnTd £m0G
ONMEpa

Tnv gvrovn OcIOUIKN dpaoTnpIOTNTA TWV TEAEUTAIWYV NUEPWV
avaAuer o oeiooAoyoc Mepdoiuog ManadonouAog kavovTag
I0TOPIKI) avadpoun O avTiOTOIXEC AVAPOPEG aro ToV €noxn
ToU HpodoTou exp! onuepa

SUNQWVA PE TOV ENIOTNHOVIKO ouvepyaTtn Tng EE kar Tng
UNESCO «To B€ua e Tn XWpa pag €ivar 0TI n osiopikOTNTA
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€XEI HEYAAN MOAUNAOKOTNTA Kal v OUVOEETAl HOVO WE €vav
TUNO pnYHATwWV, aAAd pE OAOUG TOUG KUpIoug TUNOUG pnyua-
TWV MOU CUVAVTAUE OTOV NAAVATN>.

«O1 peydalol Kal YIKpoi COEITHOI TWV TEAEUTAIWV NUEPWV NPO-
kaAoUvTal and onacigata Tng AIBOoPaipag oe oAOKANPO Tov
eAAadiko xwpo. O1 neploocdTEPOI and auTouc €ival enipaveia-
Koi, dnAadn €xouv eoTia ot BABOG €wg Kal 50 XIAIOPETPWV.
AAAG oTo VOTIO Alyaio yivovTal ogiopoi Kal ev3iapecou Badoug
JE €oTieg nou @Bavouv Ta 200 XIAIOPETPA. AUTO o@eiAETal OTO
OTI N agpikavikn AIBoo@aipikn AAAKA KAUATETAl KATA PAKOG
TOU eAANVIKOU TOEoU kal BuBileTal oTo E0WTEPIKO TNG 'NG. E-
Eaitiac Tng idlag diadikaoiag, o BaBGog nepinou 150 XIAIOpE-
Tpwv napayerai Beppd paypa nou avePaivel npog Tnv enipa-
VEIa Kal oxnuaTiel To ngaioTeiakd TOEo Tou vOTIou Alyaiou Pe
KUpIa NPaioTeIakd KevTpa otn ZavTopivn kai Tn Nioupo, nou
BewpouvTal evepyd neaioTteia. STa MEBava To ngaioTelo €ival
HaAAov evepyo, evw otn MAAo kal otnv Kw, Ta ngaioTeia ivai
avevepya nAéov. € 0Aa Ta npaioTeiakd KEVTpa, OUwWS, napa-
yovTdl KaTd Kaipoug kal OEICHOI NPAIoTEIAKNG NPOEAEUONG»
€€nyei oto AME-MIME o 8p Mepacipog NanaddonouAog, oeiouo-
Aoyog, enioTnpovikdg ouvepydtng Tng EE kai Tng UNESCO.

«H 1oTopia Twv geiop®v oTnv EAAGda nnyaivel noAu Babid oto
napeABov. YRnapxouv ypanTéG nnyEG nou Egkivolv and Tov H-
p6d0TO, TOV NaTepa Tng loTopiag, @BAvouv aTnv KAAoikn ap-
xa1otnTa (n.x. ®oukudidng) kal HETA, aTOUG EAANVIOTIKOUG Kal
BulavTivoUg xpOvoug, oTnv apaBokparia kal Tnv evetokparia,
oTnV 06WHaviKn €NoXn Kal KaTaArnyouv oTa VEOTEPA Xpovid,
onoTe APXIOE N KATAYPAPr TwV OEICHWY YUpw oTa 1900. AAAG
Kal npiv, EXOUNE NApPTUPIEC yia 10XUpoUG asiopoug, and Ta i-
XVN Nou agnoav niow Toug aTo £€3aPog Kal 0€ apXaloAoyIkoUg
XWPouc» onueinvel oto AME-MME o k. ManaddnouAog, kai
npooBeTel: «To BEpa Pe TN xwpa pag dev gival yovo oOTl yivo-
vTal NoAAOI OEIGHOI, OUTE TO OTI €XEI TNV UWNAOTEPN OEICHIKO-
TnTa o€ oAOkAnpn TN duTikf Eupaacia, dnAadn ano Ta OupdAia
ioape Tov ATAQVTIKO Kal ano Tnv AQpikn wgG To Bopeio MoAo.
Eival kal To 0TI n geIgpIKOTNTA OTNV EAAGDA £x€l HEYAAN no-
AUNAOKOTNTA Kal dev GUVOEETAI HOVO HE £vav TUMO pnyHATWY,
aAAd pe 6Aoug Toug kKUPIOUG TUMOUG PNYHATWV NOU CUVAVTAUE
grov nAavntn. H AIBdo@aipa oTn YeEWypagIikfn NeEPIOXN TNG
XWPAg Hag Kai TIG YUPw NEPIOXEG €ival KUPIOAEKTIKA KATAKEP-
MaTIOPEVN Yia ToV AOYO OTI N NEPIOXH auTr cuvBAiBeTal ava-
HEOA OTNV appIkavikn NAdka nou Kiveital npog Ta BA kal Tnv
€UPAOIATIKN NMou KIveiTal Npog Ta NA, Ye pia OXETIKN WETASU
TOUG PETAKivNon nou @BAavel Ta 6 EKATOOTA £TNCIWG KATA WM-
KOG TOU EAANVIKOU TOEOU>.

To eAAnviko TOEO ekTeiveTal and Ta vnolda Tou loviou, nepva
ora voTia Tng MeAonovvnoou kai HEow Tng Kpntng kai Tng
Kapnabou kataAnyel otn P6do kal Tn voTioduTikr Toupkia.
Tautodxpova, n hikpn AIBoogalpikr NAaka Tng AvatoAiag, npa-
KTIKA N YEWYPA®IKA neploxr TnG Toupkiag, PETAKIVEITAl €ni-
ong Npog Ta JUTIKA Kal Ta VOTIOdUTIKA, CUKNANPWVOVTAG TO
nedio Twv duvApewy nou ackoUvTal oTn AIBoopaipa Tng EA-
Aadag. Ev oAiyoic kal av n 3pacTtnpiotTnTa Twv AIBoopaipikmv
NAGK®V OUVEXIOTEI JE Tov id10 1 Kal TaxUTEPO pubuod, ol xap-
TEC TOU PEANOVTOG Ba aneikovilouv Tnv EAAGda aykaAia pe
Tnv Toupkia. QoTo6co n diaudpPwaon TNG oTepIdc oTov NAa-
VvNTN €ival undBeon nahid kai diapkng. To B€ua ival Ti yiveral
kaTd Tn S1dpKeEIa TNG...

«To AanoTEAEOHA AUTNG TNG KIVATIKOTNTAG 0Tn AIBOO®aipa Tng
G €ival n NoAU uwnAn OSICUIKOTNTA NOU OTATIOTIKA EKPPA-
CeTtal otnv EAAGda pe €vav oeiopo peyeBoug 6 BaBuwv TnG
KAipakag PixTep, i HEYAAUTEPO, NEPINOU KABE XpOVO» GNUEIW-
vel 0 K. NManaddnouAog kai dieukpivilel: «H ouxvoTnTa €UQA-
VIoONnG, OMWG, TWV CEICP®V €ival TOOO PeYaAUTEPN 000 HIKPO-
TEPO €ival To péyebog. Kal avtioTpopa. O1 peyalol ogioyoi &i-
val nio onaviol. MNa napadslypa, ol osiopoi Yyeyéboug 7 R ena-
vaiauBavovTal nepinou kabe 10-12 xpovia Kai ol akoun He-
yaAUTepol akopun nio apaid. O TeAguTaiog 74apng, yia Tnv a-
kpiBeia 6,9 R, nou €ixape otn xwpa pag, nTav orig 24 Maiou
Tou 2014 oTo Bopeio Alyaio. Eoeig, o kOouog dev Tov BupAoTe,

€neIdn dev NPOKAAETE KATAGTPOPEG. AANNG NTav £vag IaXUPOG
OEICPOG OTO NMAQICIO TWV AVAUEVOUEVWV>.

MNa, 0g, TN osioWIKh dpaaTnpIdTNTA OE NAyYKOOWIO €ningdo, o
K. Manadonouloc onueInVEl 0TI KABe Xpovo yivovTal ano 15
€wg 18 oeiopoi Twv 7 R kal dvw! Kar av napatnpnBei kam
NeEPICOOTEPO OE AUTN TN ouxvoTnNTa, TOTE deV €ival Tuxaio.

To 10TOPIKO TWV CEICH®V oThv EAAGda

O peyaAUTepOG OeIonOg, nou €xel kaTtaypagei otnv EAAGdSa
eixe peyebog nepinou 8,5 R kal onueiwbnke oTig 21 IouAiou
Tou 365 W.X. orn duTikn KpATn, onou n napakTia {ovn ava-
onkwOnke kata 6,5 perpa! Tautdoxpova, &va BnpIwdeg TooU-
VAUl KATEKAUGE OAOKANPN Tn AekdAvn TnG avatoAikng Meoo-
yeiou. EnavaAnywn Tou @aivopevou kataypda@nke oTig 8 Au-
youUoTou Tou 1303, pe Tn dia®opd OTI auTn TN Popd O GEICHOG
€YIVE OTNV avaToAikr NAeupd Tng Kpntng.

O apéowg eNOWPEVOG O€ PEYEDOG OEITHOG KaTaypdgeTal oTIg 12
OkTwRpiou Tou 1856 pe enikevTpo oTn Balacaoia nepioxn a-
vapeoa otnv KpnTn kai Tn Pddo kai €xel peyebog 8,2 Babuoug
TNG KAipakag Pixtep. O osiopog eEagavilel enTa Xwpia otnv
KpATn kar agpnvel niow Tou og Kpntn, P6do, Kapnabo, Kaoo,
S0un, KaoTehopilo, Apopyo kai Kunpo 618 vekpolc, 638
Tpauparieg kal nepi Ta 17.000 oniTia KATECTPAMKEVA I HE 0O-
BapEg {nuiE.

AA\G nAoUoioG o osIouIKn dpacTnploTNTa €ival Kal OAoG o
200g al., oTn SIApKEIA TOU OMoioU €XOouv onuelwBei ava Tnv
EANGOa, cUPQVa PE TO apXeio Tou AoTepoakonegiou ABnvay,
37 govikoi geigpoi peyéBoug anod 6 £wg kal 8 Babuwv TnNG KAi-
Jakag PixTep kal auETpnTol MIKPOTEPOL. Ta I0XUPOTEPA XTUMN-
paTa Tou EykéAadou kataypdagovTal oTi¢ 11 AuyoUoTou Tou
1903 kal oTIig 26 Iouviou Tou 1926 pe 7,2 R kai 8 R ota Ku-
Bnpa kai Tn P&30 avTioTolXd. SUYKPITIKA HE TIG (POVIKEG OUVE-
NEIEG TWV KATOMIVOV CEIOPWYV, dev paivovTal dpauarikoi, de-
dopgevou OTI 14 nTav ol vekpoi ota Kubnpa kai 12 orn Podo.
QoT000, av avaloyioTel Kaveic Tov apiBud Twv CrTIOV Kal
TWV KATOIKWV TWV VNOIOV EKEIVNG TNG €MOXNG, Ol apiBuoi a-
o@aAwg dev eival aueAnTeol. «H kKaTaoTpoPIKOTATA EVOG OEl-
OpoU dev eEapTaTal Povo and To peyedodG Tou. Mpénel va ou-
VTPEXOUV TauToxpova noAAoi napayovrec. To péyeBog, n
doun Tou €dA@OUG, TA MOIOTIKA XAPAKTNPIOTIKA TWV KATOI-
KI®V, 0 XPOVOG Kal n didpkeia Tng ddvnong K.a.» €Enyei o K.
Manado6nouAog.

Navtwg, o QovikOTEPOG OEICUOC TOU MponyoUHEVOU alwva
XTUnnoe oTig 12 AuyouoTou Tou 1953 TO vnOIWTIKO OU-
unAeypa Kepalovid-ZakuvBog-16akn, onou kataypdaenkav
ouvoAIkd 455 vekpoi, 21 ayvooupevol kai 2.412 Tpaupdarieg.
EvOeIKTIKO TNG 0POodpOTNTAG TOU CEICHOU ATAV TO YEYOVOC OTI
anod Ta ouvoAikda 33.300 oniTia Twv TPIWV vNOIWV, KpaTnen-
kav o6pBia kATl napandavw ano 5.000! To népaoua Tou Eyké-
Aadou apnaoe ykpepidia oAOKANPN Tn ZakuvOo, oAOKANpn Tnv
16akn, To ApyoaToAl kal To AnEoupi! EVOEIKTIKA €ival Ta npw-
TOOEAIDA TWV EPNUEPIdWV TNG ENOXNG... «KepaAAnvia, Zakuv-
Boc, 16akn dsv unapxouv and TnG XOeg» dnuoaoicue o€ nn-
xuaio TiTAo oTig 13 AuyoUoTtou 1953 n epnuepida «EAEYOE-
PIA».

EQIKTR uno0gon n NnpOBAEYN TOV CEICH®OV

O ogIoNOC €ival N HOVN PUOIKN KATAoTPOPH, MOU JEV «ONK®-
ver» avBpwnivo dAKTUAO... ZTIG KATAOTPOPIKEG CUVENEIEG TWV
NANUPUP®V 1 TOV NUPKAyI®V OAo Kal Kanou avixveusTal av-
Bpwnivn gpnAokr. AAAG oTov ogiopo; Mg pnopei kaveig va
KaTaAdaBel TI yiveTal 0Td... COWUXA TOU NAAvnTn;

O dp Nanaddénouiog €Enyei oTo AME-MME 611, npayuari, pia
BpaxunpoBeoun npoBAewn akoUyeTal avePikTn... «H ogiopo-
Aoyia eival akpIB®¢ To avTiBeTo TNG PeTEwpoAoyiac. H deu-
TEPN, KATAYpAPOVTAG 0paTd paivopeva PUNopei va npoBAEYel
Yia YEPIKEG MEPEG, AAAG OXI Yia nNepIoadTEPO Xpodvo. ‘OTav, o-
HWG, €XEIG va KAVEIG PE O,TI oUPBaivel 0To E0WTEPIKO TNG YNG,
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apa dev To BAENeIg, KAaTaypAPEIG Kal HEAETAG TIG KIVAOEIC Kal
unoAoyideig yia To Badog Tou xpovou. Q¢ ek ToUTOU, N UNo-
Beon «BpaxunpoBeoun NpoBAewn» akoUYETAl OUTOMIKN Kal N
€pwTNON AuUTOVONTN... «Ma, Twpa, dp MNanaddnoulg, NIOTEU-
€TE NPAYHATIKA OTI Ba KATAPEPOUKE KAMOTE va NPOoBAENOUNE
TOUG O€IoPoUG;». AAG n anavTtnon eival kabetn! «MNépav na-
ang apgiBoAiag»!

-Mwg, dnAadn;

«Meg Tnv €peuva kal Tnv napatnpnon. ‘'Otav napakoAouBeig
ooBapd kal ouoTnuaTika pia neploxr PE nAoloia OEIOMIKD
dpaoTnpPIOTNTA, UMOPEIGC va NPOBAEWEIC TOV WEYAAO OEICHO,
KaTaypdagovTag TNV NPOCEICHIKN) TOU akoAouBia. =& auTr Tn
MEAETN OUYKAIVEI KAl N ENICTNHOVIKI £PEUVA NAYKOOMIWG».

-Kal nwg yvwpilel €évag enioTrnuovag OTl €vag and Toug npo-
oelopoUg dev €ival o KUpIoG;

«0O1 NpoCEIoHOi €XOUV Ta €ENG Tpia XapaKTNPIOTIKA: XwpPoTa-
E1ka kaTaypagovTal NoAU KovTd o £vag aTov aAAo, N XPoVIKA
€EENIEN Toug Baivel au&avopevn, dnAadn NUKV@VOUV Npog Tn
MeyaAn dovnon kal Téhocg, 6oo nAnaialoupe atov KUPIO O€l-
oupo, TOoO aveBaivel To PEyEBOG TOU NPOCEICHOU. 'Qanou yive-
Tal 0 JEYAAOG Kal To PEYEBOG Mia Twv dOVIACEWY NOU AKOAOU-
Bouv, TWV PETACEIOPWY, Baivel HEIOUPEVO>.

-AUTO Nou NepIyPAPETE PoIAlEl PE TOUG MOVOUG TNG YEVVAG...

«AUTO €ival. Zav yévva. 'H av BéAeTe, oav Ta pvnuovia nou
€nAnEav Tn Xwpa Pac. ZeKIVAoape KAnwe XaAapd Kal 66o nAn-
olalape Npog TNV KopUPWan, TOG0 ETPIYYE O KAOIOG...».

Ki 6Tav pia @Twxn xwpa pe nAolaoia oeiopikn dpactnpioTnTa
dev €xel «kalUaiho» va piel oTnv €peuva, TI yiveTal; «Akou-
oTe. KanoTe npénel va oTapaTtriooupe va YKPIVIGZoUME. STnv
EAAGDa, nou 40 xpovia Twpa eival nAnpeg PéEAog Tng EE, &-
peuva yiveral. Ynapyouv eupwnaikd kovduAia, nou Oiekdi-
KoUV noAAoi enioTrpoveg and dIaPopeg XWPEG, Kal Ta onoia
yia va eykpiBolv unép oou, Ba NpENEl va avnkeig oToug api-
oTouc. Ki gueig, eipaoTe oToug apiaTouc! AAG Kal OTo E0wTE-
pIKO TNG XWpag WEoa otnv kpion, oto didotnua 2016-19 T0
kKovOUAI yia Tnv €peuva au&nbnke os 1% Tou AEM, BERaia Al-
yOTEPO KI and To PICO Tou péEdou Opou Tng EE, nou sival 2,2-
2,3%. Q0T000, AUENBNKe KI auTo €yIve eneidn o TOTE av. U-
noupyog Maideiag, o k. ®WTAKNG, NPoePXOTAV AKPIBWG ano
TOV TOMEQ TNG €peuvac» Agel o K. ManadonouAog.

'OTav dev PNOpPEIC va anoTpEWYEIG Wia KAaTaoTpodr, 0 MOVOG
TPOMOG yia va eniBIwCEIG ival va eknaideuTeig oTo Nwg Ba Tnv
avTIETWNIOEIG... KanoTe, dTav ol avBpwnol ATav avunowia-
OTOl YIQ Td... TEKTAIVOUEVA OTO E0WTEPIKO TNG NG, OEIOHOI TNG
Ta&ewg Twv 5 1 5,5 R, AeiToupyouoav Onwg ol NapanAeupeg
anWAEIEG TWV NOAEPWV: “Apaxol Vekpoi... AANAG n {wr| eEghio-
oETal KAl N €NIOTAPN TPEXEL... «Eival adUvaTto va anoguyoups
TOUG O€IOPOUG. MNopoUPE OUWG va PHABOUKE va TOUG avTIle-
Twnifoupe» Tovilel o k. MNanadonoulog kai dieukpivilel: «Na
BaAoupe otn {wn pag Tnv eknaidsuon Kal Kavoviououg nou va
TnpouvTal».

MnynR: AME-MME
(in.gr, 9 ®eBpouapiou 2020,

https://www.in.gr/2020/02/09/greece/seismoi-stin-ellada-
apo-tin-arxaiotita-eos-simera)
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How earthquakes deform gravity

New algorithm raises hope for innovative earthquake
early warning systems

Summary: Researchers have developed an algorithm that for
the first time can describe a gravitational signal caused by
earthquakes with high accuracy. Tests with data from the
2011 earthquake near Fukushima show that the procedure
could help to improve earthquake early warning systems in
the future.

Lightning -- one, two, three -- and thunder. For centuries,
people have estimated the distance of a thunderstorm from
the time between lightning and thunder. The greater the time
gap between the two signals, the further away the observer
is from the location of the lightning. This is because lightning
propagates at the speed of light with almost no time delay,
while thunder propagates at the much slower speed of sound
of around 340 metres per second.

Earthquakes also send out signals that propagate at the
speed of light (300,000 kilometers per second) and can be
recorded long before the relatively slow seismic waves (about
8 kilometers per second). However, the signals that travel at
the speed of light are not lightning bolts, but sudden changes
in gravity caused by a shift in the earth's internal mass. Only
recently, these so-called PEGS signals (PEGS = Prompt
elasto-gravity signals) were detected by seismic measure-
ments. With the help of these signals, it might be possible to
detect an earthquake very early before the arrival of the de-
structive earthquake or tsunami waves.

However, the gravitational effect of this phenomenon is very
small. It amounts to less than one billionth of the earth's
gravity. Therefore, PEGS signals could only be recorded for
the strongest earthquakes. In addition, the process of their
generation is complex: they are not only generated directly
at the source of the earthquake, but also continuously as the
earthquake waves propagate through the earth's interior.

Until now, there has been no direct and exact method to re-
liably simulate the generation of PEGS signals in the com-
puter. The algorithm now proposed by the GFZ researchers
around Rongjiang Wang can calculate PEGS signals with high
accuracy and without much effort for the first time. The re-
searchers were also able to show that the signals allow con-
clusions to be drawn about the strength, duration and mech-
anism of very large earthquakes. The study was published in
the journal Earth and Planetary Science Letters.

An earthquake shifts the rock slabs in the earth's interior ab-
ruptly, and thus changes the mass distribution in the earth.
In strong earthquakes, this displacement can amount to sev-
eral meters. "Since the gravity that can be measured locally
depends on the mass distribution in the vicinity of the meas-
uring point, every earthquake generates a small but immedi-
ate change in gravity," says Rongjiang Wang, scientific coor-
dinator of the new study.

However, every earthquake also generates waves in the
earth itself, which in turn change the density of the rocks and
thus the gravitation a little bit for a short time -- the earth's
gravity oscillates to some extent in sync with the earthquake.
Furthermore, this oscillating gravity produces a short-term
force effect on the rock, which in turn triggers secondary
seismic waves. Some of these gravitationally triggered sec-
ondary seismic waves can be observed even before the arri-
val of the primary seismic waves.

"We faced the problem of integrating these multiple interac-
tions to make more accurate estimates and predictions about
the strength of the signals," says Torsten Dahm, head of the
section Physics of Earthquakes and Volcanoes at GFZ.
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"Rongjiang Wang had the ingenious idea of adapting an al-
gorithm we had developed earlier to the PEGS problem -- and
succeeded."

"We first applied our new algorithm to the Tohoku quake off
Japan in 2011, which was also the cause of the Fukushima
tsunami," says Sebastian Heimann, program developer and
data analyst at GFZ. "There, measurements on the strength
of the PEGS signal were already available. The consistency
was perfect. This gave us certainty for the prediction of other
earthquakes and the potential of the signals for new applica-
tions."

In the future, by evaluating the changes in gravity many hun-
dreds of kilometres away from the epicentre of an earthquake
off the coast, this method could be used to determine, even
during the earthquake itself, whether a strong earthquake is
involved that could trigger a tsunami, according to the re-
searchers. "However, there is still a long way to go," says
Rongjiang Wang. "Today's measuring instruments are not yet
sensitive enough, and the environmentally induced interfer-
ence signals are too great for the PEGS signals to be directly
integrated into a functioning tsunami early warning system."

Journal Reference:

e Shenjian Zhang, Rongjiang Wang, Torsten Dahm,
Shiyong Zhou, Sebastian Heimann. Prompt elasto-
gravity signals (PEGS) and their potential use in
modern seismology. FEFarth and Planetary Science
Letters, 2020; 536: 116150 DOI:
10.1016/j.epsl.2020.116150

Date: February 21, 2020

Source: GFZ GeoForschungsZentrum Potsdam, Helmholtz
Centre

Researchers use gravity signals to improve
earthquake early warning systems

Researchers have proposed a new algorithm that can
describe a gravitational signal caused by earthquakes
with great accuracy. The procedure could help in im-
proving early warning systems for earthquakes or tsu-
namis in the future.

Earthquakes send out signals that proliferate at the speed of
light and can be recorded before the relatively slow seismic
waves. These signals are sudden changes in gravity caused
by a shift in the Earth's inner mass.

Recently, these signals called Prompt Elasto-Gravity Signals
(PEGS) were tracked by seismic measurements. With the
help of PEGS, it is possible to spot an earthquake very early,
even prior to the arrival of destructive quakes or tsunami
waves.

However, the gravitational effect of this phenomenon is so
small that it only amounts to less than one-billionth of the
planet's gravity, which means PEGS can only be recorded for
powerful earthquakes.

Furthermore, the process of their generation is complex as
they are not only produced directly at the quake's source but
also persistently as the tremor waves propagate through the
Earth's interior.

There has been no exact method to simulate the generation
of PEGS signals on computers. For the first time, the algo-
rithm proposed by researchers from the GFZ German Re-
search Center for Geosciences can calculate PEGS signals
with great accuracy and less effort.

The researchers were able to present that the signals enable
conclusions to be drawn about the strength, duration, and
mechanism of very strong earthquakes.

A tremor abruptly changes the rock slabs in the Earth's inte-
rior, thus also shifting the mass distribution in the Earth. This
displacement can amount to several meters in powerful
earthquakes.

"Since the gravity that can be measured locally depends on
the mass distribution in the vicinity of the measuring point,
every earthquake generates a small but immediate change in
gravity," said researcher Rongjiang Wang.

However, every tremor also produces waves that change the
density of rocks and gravitation for a short time. This oscil-
lating gravity triggers secondary seismic waves.

"We faced the problem of integrating these multiple interac-
tions to make more accurate estimates and predictions about
the strength of the signals," said Torsten Dahm, head of
GFZ section Physics of Earthquakes and Volcanoes.

"Wang had the ingenious idea of adapting an algorithm we
had developed earlier to the PEGS problem-- and succeeded."

Goroamd accelerstbon (/)

Spatial distribution of PEGS signal strength during the
Tohoku quake in 2011, shortly before the arrival of the pri-
mary seismic wave. Image credit: Zhang, et al.

Sebastian Heimann, program developer and data analyst at
GFZ explained how they tested their new algorithm, saying,
"We first applied our new algorithm to the Tohoku quake off
Japan in 2011, which was also the cause of the Fukushima
tsunami."

"There, measurements on the strength of the PEGS signal
were already available. The consistency was perfect. This
gave us certainty for the prediction of other earthquakes and
the potential of the signals for new applications."

Researchers added that by evaluating the changes in gravity
further from the quake's epicenter off the coast, this method
could be used in the future to identify whether a large earth-
quake is involved, which could trigger a tsunami.
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"However, there is still a long way to go," said Wang. "To-
day's measuring instruments are not yet sensitive enough,
and the environmentally induced interference signals are too
great for the PEGS signals to be directly integrated into a
functioning tsunami early warning system."

Reference

"Prompt elasto-gravity signals (PEGS) and their potential use
in modern seismology" - Zhang, S. et al - Earth and Planetary

Science Letters - DOI: 10.1016/j.epsl.2020.116150

Abstract

An earthquake causes a sudden rock-mass redistribution
through fault rupture and generates seismic waves that
cause bulk density variations propagating with them. Both
processes induce gravity perturbations whose signals propa-
gate with the speed of light and therefore can arrive at re-
mote stations earlier than the fastest elastic P wave. In turn,
the gravity perturbations generate secondary seismic sources
everywhere within the earth, a part of which around the ob-
servation locations can cause ground motion prior to the di-
rect P wave arrival there, too. Recently, these so-called
prompt elasto-gravity signals (PEGS) of large seismic events
like the 2011 Mw 9.1 Tohoku earthquake have been detected
using the data recorded by broadband seismometers and su-
perconducting gravimeters. Though the physics of the PEGS
has been well understood, the tools used so far for a realistic
modelling of them are complicated and computationally in-
tensive. In this study, we present a new and straightforward
approach that solves the full-coupled elasto-gravitational
boundary-value problem more accurately, but no more com-
plicated than to compute synthetic seismograms in a conven-
tional way. Using the new tool, we simulate the complete
PEGS of the 2011 Tohoku earthquake based on a realistic
kinematic finite-fault source model. Furthermore, we present
a comprehensive investigation of potential uses of PEGS in
modern seismology. As an example, we show particularly
that the major source parameters like the moment magni-
tude, the rupture duration and the focal mechanism of a meg-
athrust earthquake like the 2011 Tohoku earthquake can be
estimated robustly using the measured PEGS data.

(Julie Celestial / THE WATCHERS, February 26, 2020,
https://watchers.news/2020/02/26/researchers-use-grav-
ity-signals-to-improve-earthquake-early-warning-sys-
tems/?utm source=feedburner&utm me-
dium=email&utm cam-
paign=Feed%3A+adorraeli%?2FtsEq+%28The+Watchers+-
+watching+the+world+evolve+and+transform%29)
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The January 24, 2020 Mw 6.8 Elazig (Turkey)
Earthquake

AnuooielTnKe To 160 TeUXOG TNG £€kdoong "NEWSLETTER OF
ENVIRONMENTAL, DISASTER, AND CRISIS MANAGE-
MENT STRATEGIES" Tou M3 "STpaTnyikeg Alaxeipiong Me-
pIBaAAovTog, KataoTpopwv & Kpiocswv" Tou EBvikou & Kano-
dioTpiakou MavenioTnuiou ABNVOV.

>to Newsletter napoucialovral onuavTikd ysgyovota ora
OXETIKA €NIOTAMOVIKA nedia, YE OTOXO TNV AUEDN EVNMEPWON
NG d1EBVOUG ENICTNHOVIKNG KOIVOTNTAG Kal Tou Koivou.

310 160 TeUX0C NapouaialovTal CUYKEVTPWTIKA TdA EMICTNHO-
VIKA Kal TeXVIKA anoTeAéopaTa kal dedopéva nou agopouv
oTo o€locpo Mw 6,8 nou énAnge To Elazig Tng Toupkiag (24
Iavouapiou 2020) kal npogkuwav oto nAaioio dieBvoug &-
MICTNHOVIKNG Kal avepwnioTIKAG anooTOARG, HE TN GUUHETOXNA
Tou EBvikou kal KanodioTpiakoU MavenioTnuiou ABnvav.

To TeUXOG givai npooBaaiyo aTo oUvJOEeOO:
https://edcm.edu.gr/images/docs/newsletters/Newsletter 1
6 2020 Turkey EQ.pdf
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ENAIAG®EPONTA -
FrEQAOrIIA

Sinkholes in Karst

gl Exnarsh) s

With few exceptions, the ground collapses that constitute the
karst geohazard in engineering activity in limestone terrains
are induced by human activity. Subsidence sinkholes, formed
entirely within the soil profile, constitute the most widespread
karst geohazard but are largely induced by engineered
works, either directly or accidentally. Water table decline (as
a result of pumped abstraction or quarry de-watering) and
uncontrolled surface drainage input are the two key factors
that induce subsidence sinkholes, especially where both are
involved.

Collapse sinkholes, formed by a failure of bedrock over a cav-
ity, are rare in natural karst landscapes, but may be induced
by excessive loading imposed on limestone that lies above an
open cave; the risks associated with this geohazard should
be eliminated by the implementation of an appropriate site
investigation that includes proof drilling.

Sinkholes are bowl-shaped, funnel-shaped, or vertical-sided
depressions in the land surface that form over underground
voids. These depressions can range from a few feet to several
hundred feet in diameter, and usually, result from the natural
collapse of soluble bedrock and overlying soil. Sinkholes can
also result from mining, groundwater pumping, and leaking
water, sewer, and stormwater pipes. Subsidence of the
ground is usually gradual, but on occasions, it can be sudden
and dramatic.

When it rains, a portion of the slightly acidic water percolates
through the soil, comes into contact with the bedrock, and
slowly dissolves mineral grains. In regions of carbonate bed-
rock, this process can create underground fissures and caves.

The surface of such a region is often pocked with depressions
called sinkholes. Sinkholes are a characteristic feature of
karst terrain. In well-developed karst terrain, chains of sink-
holes form what is known as solution valleys and streams
frequently disappear underground.

One of the fantastic examples of karst sinkholes was filmed
in Bosnia and Herzegovina and belongs to one of the most
famous karst areas on Earth - the Dinaric highlands in South-
east Europe:

https://www.youtube.com/watch?time con-
tinue=33&v=006f6YD5vNo&feature=emb logo

Sinkhole collapse, either slow or dramatic, can cause consid-
erable damage to buildings, highways, rails, bridges, pipe-
lines, storm drains, and sewers. In addition, sinkholes pro-
vide a pathway for surface water to directly enter groundwa-
ter aquifers. The increasing potential for pollution is particu-
larly high due to the minimal filtering of surface water.

Most sinkholes form by the process of ‘suffosion’. This is
where loose, unconsolidated material including soil, ‘head’,
loess and clay overlies fissures and joints in the underlying
limestone, and material is washed into these fissures and into
the caves beneath. Suffosion sinkholes tend to develop grad-
ually (over months or years) as the covering sediment
slumps into open fissures in the underlying limestone, creat-
ing a void which migrates towards the surface eventually cre-
ating a sinkhole.

Although a natural process, the formation of sinkholes is of-
ten accelerated or triggered by human actions. Broken land
drains, water mains and sewerage pipes, increased rainfall,
storm events, modified drainage and diverted surface water
can all help wash sediment into the underlying limestone,
causing subsidence. There have been many well-documented
occurrences of sinkholes forming beneath broken water
mains, unlined storm-water culverts and leaking swimming
pools.

A poor understanding of karst terrain has led to land-use
practices that pose significant economic and environmental
impacts on households and communities. Sinkhole formation
is closely related to local hydrological conditions, and human-
induced changes to the local hydrology can accelerate the
process. Diverting surface water, pumping groundwater, and
constructing reservoirs can all contribute to sinkhole for-
mation.

An extreme example occurred in Florida on February 25,
1998, when, during the flushing of a newly drilled irrigation
well, hundreds of sinkholes up to a hundred and fifty feet
across formed over a twenty-acre area within a few
hours. Runaway urbanization and development dramatically
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increases water usage, alters drainage pathways, and over-
loads the ground surface.

According to the Federal Emergency Management Agency,
the number of human-induced sinkholes has doubled since
1930, while insurance claims for related damages have in-
creased 1,200 % from 1987 to 1991, costing nearly $100
million. Subsidence is generally not covered by standard
homeowners insurance.

Signs of sinkhole formation

Although a sinkhole can form without warning, specific signs
can signal potential development:

- Slumping or falling fence posts

- Wilting vegetation

- Discoloured well water

- Structural cracks in walls, floors, or foundations.
- Cracks in soil/subsidence.

Silent danger

Infrastructure — buildings and transportation, communica-
tion and utility networks — is vulnerable to damage from a
variety of geologic hazards, such as volcanoes and earth-
quakes. But karst geohazards are stealthy. They come si-
lently from below, then unexpectedly make themselves
known. And because they usually affect a segment of a utility
line, or one home, or one short length of the highway, their
cost is also stealthy. But the toll adds up.

Karst landscapes and aquifers form when water dissolves
limestone, gypsum and other rocks. The surface expression
of karst includes sinkholes, sinking streams and springs.

The economic losses of karst hazards are largely hidden be-
cause they are scattered across an area the size of a state,
and individually they affect small areas when compared to
tornado damage, for example. Most people don't realize how
much they are affected because the costs appear in the form
of higher taxes and an increased cost of living.

The cost of repairing roads, preparing special foundations for
large buildings (schools, for example) and extending public
water lines to replace polluted groundwater all add to the
costs of public projects.

Researchers foresee an increasing need for research on karst
geologic hazards because of the accelerating pace of subur-
ban development. Delineating karst groundwater basins is vi-
tal to protecting the quality of water discharged from springs
and wells, and is an important tool for understanding the hy-
drology of sinkhole flooding, one of the most common karst
hazards.

Damaging homes

Karst hazards include sinkhole flooding, sudden cover col-
lapse, leakage around dams, the collapse of lagoons resulting
in waste spills and radon infiltration into homes. Most notice-
able are sinkhole flooding and cover collapse. Seldom are col-
lapses reported to any central agency.

Sinkhole flooding is one of the more tragic hazards because
it affects private residences the most.

Sinkhole flooding usually occurs during the same storms that
flood rivers, so it is sometimes not recognized as karst re-
lated. Unlike a normal stream channel, the karst conduit has
a fixed area that cannot increase in cross-section in response
to floods. Because of the loss of energy to friction and the
finite cross-sectional area of the karst conduits, large in-
creases in water pressure are needed to increase, even by a
small amount, the flow in cave passages.

Sinkholes can also flood when their outlets are clogged, pre-
venting water from being carried away as fast as it flows in.
Trash thrown into a sinkhole can clog its throat, as can soil
eroded from fields and construction sites or a natural rockfall
near the sinkhole’s opening. Sometimes the conduit itself is
too narrow because it has recently (in the geologic sense)
captured a larger drainage basin.

The reach of a conduit downstream from constriction could
carry a higher flow than it is receiving were it not for this
restriction. Sinkholes flood more easily around development
— roofs, parking lots, highways — which increases both the
total runoff and the rapidity of runoff from a storm.

A second reason that sinkholes flood is because of backflood-
ing, the outcome when the discharge capacity of the entire
karst conduit network is exceeded. Some upgradient sink-
holes that drain normally during the short, modest accumu-
lation of storms, may actually become springs that discharge
water during prolonged rainfall.

Sudden collapse

Cover collapse occurs when the soil collapses into an under-
lying grike, a fissure made larger as water dissolves lime-
stone. Cover collapse is similar to subsidence, except that it
happens suddenly in a small, focused location.
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Both heavy rains or extended droughts can bring on cover
collapse. Each weakens the soil over a grike, either by satu-
rating the soil with water or robbing it of cohesion. Near
buildings, downspouts and leaking utility pipes can accelerate
the process. Eroded soil falls into the grike and water moves
the soil to an underlying cave, forming a cavity in the man-
tling soil.

In high- flow events, water in the cave may backflood into
the overlying soil. As the water recedes, the cave and grike
drain faster than the soil, which means that saturated soil
spans the void in the grike. The overloaded soil arch falls into
the soil cavity and the cover collapses.

The erosion of soil into the underlying conduit does not auto-
matically stop when an impermeable surface, such as a high-
way, parking lot or building, is constructed over the sinkhole.
Lateral flow can easily continue to erode the soil. The typical
scenario is when no local ordinance prevents a developer of
a rural subdivision from filling sinkholes. The developer builds
a house on a filled sinkhole from which the fill continues to
be undermined. Subsidence results, sometimes decades after
the developer is gone.

Sinkholes defined

Geologists classify sinkholes based on their geometry and
how they developed. Understanding sinkhole dynamics is
critical to detecting and mitigating damages these karst fea-
tures can cause.

Collapse sinkholes occur when the bridging material over a
subsurface cavern cannot support the overlying material. The
cover collapses into the cavern and a large, funnel-shaped
depression forms.

Solution sinkholes result from increased groundwater flow
into higher porosity zones within the rock, typically through
fractures or joints within the rock. An increase of slightly
acidic surface water into the subsurface continues the slow
dissolution of the rock matrix, resulting in slow subsidence as
surface materials fill the voids.

Alluvial sinkholes are older sinkholes that have been partially
filled with marine, wetland or soil sediments. These features
are common in Florida, where the water table is shallow, and
typically appear as shallow lakes, cypress “domes” and wet-
lands.

Raveling sinkholes form when a thick overburden of sediment
over deep cavern calves into the void and pipes upward to-
ward the surface. As the overlying material or “plug” erodes
into the cavern, the void migrates upward until the cover can
no longer be supported and then subsidence begins.

Different size of sinkholes

Sinkholes can range in size from a few feet or meters to over
100 meters (300 feet) deep. They've been known to “swal-
low” cars, homes, businesses, and other structures. Sink-
holes often caused by the loss of groundwater from pumping.

A sinkhole can even collapse through the roof of an under-
ground cavern and form what’s known as a collapse sinkhole,
which can become a portal into a deep underground cavern.

While there are caverns located around the world, not all
have been explored. Many still elude spelunkers as there is
no opening to the cave from the earth’s surface.

Difference between a sinkhole and a pothole

A sinkhole is a closed natural depression in the ground sur-
face caused by the removal of material below the ground and
either collapse or gradual subsidence of the surface into the
resulting void.

A pothole is usually a fairly small feature caused by a failure
of paving materials, usually associated with roads, parking
lots, and airports. In the colder parts of the country, potholes
become more abundant in late winter and spring because of
freeze-thaw damage to pavements. But beware of interna-
tional terminology: British cavers refer to caves as potholes
and call cave exploring “potholing”.

There’s also another kind of pothole. Parts of Canada and the
central United States are covered by a region of wetlands
called prairie potholes that were formed as Pleistocene Epoch
glaciers receded around 12,000 years ago. The wetlands
formed where water accumulated in small depressions in a
landscape that is underlain by low-permeability glacial till.
Prairie potholes are NOT collapse features.

Karst Caves

Inside karst caves, one might find a wide range of speleo-
thems - structures created by the deposition of slowly drip-
ping calcium carbonate solutions. Dripstones provide the
point where slowly dripping water turns into stalactites (those
structures which hang from the ceilings of caverns), over
thousands of years which drip onto the ground, slowly form-
ing stalagmites. When stalactites and stalagmites meet, they
forum cohesive columns of rock. Tourists flock to caverns
where beautiful displays of stalactites, stalagmites, columns,
and other stunning images of karst topography can be seen.

Karst topography forms the world’s longest cave system -
the Mammoth Cave system of Kentucky is over 350 miles
(560 km) long. Karst topography can also be found exten-
sively in the Shan Plateau of China, Nullarbor Region of Aus-
tralia, the Atlas Mountains of northern Africa, the Appalachian
Mountains of the U.S., Belo Horizonte of Brazil, and the Car-
pathian Basin of Southern Europe.

https://geologyengineering.com/structural-geology/sink-
holes-in-
karst/?fbclid=IwAR3Ng0VbLIpXgMY6EM60z4fCPINkrDrwlyK
-2-3KXkpByG2QdmO0So1jpWgE

o3

Plate tectonics runs deeper than we thought

At 52 years old, plate tectonics has given geologists a
whole new level to explore.
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It's right there in the name: “plate tectonics.” Geology’s or-
ganizing theory hinges on plates—thin, interlocking pieces of
Earth’s rocky skin. Plates’ movements explain earthquakes,
volcanoes, mountains, the formation of mineral resources, a
habitable climate, and much else. They're part of the engine
that drags carbon from the atmosphere down into Earth’s
mantle, preventing a runaway greenhouse climate like Ve-
nus. Their recycling through the mantle helps to release heat
from Earth’s liquid metal core, making it churn and generate
a magnetic field to protect our atmosphere from erosion by
the solar wind.

The name may not have changed, but today the theory is in
the midst of an upgrade to include a deeper level—both in
our understanding and in its depth in our planet. “There is a
huge transformation,” says Thorsten Becker, the distin-
guished chair in geophysics at the University of Texas at Aus-
tin. “Where we say: ‘plate tectonics’ now, we might mean
something that’s entirely different than the 1970s.”

pingvellir or Thingvellir, is a national park in Southwestern
Iceland, about 40km northeast of Iceland's capital, Rey-
kjavik. It's a site of geological significance, as the visuals
may indicate.

Plate Tectonics emerged in the late1960s when geologists re-
alized that plates moving on Earth’s surface at fingernail-
growth speeds side-swipe each other at some places (like
California) and converge at others (like Japan). When they
converge, one plate plunges down into Earth’s mantle under
the other plate, but what happened to it deeper in the mantle
remained a mystery for most of the 20th century. Like an
ancient map labeled “here be dragons,” knowledge of the
mantle remained skin-deep except for its major boundaries.

Now a marriage of improved computing power and new tech-
niques to investigate Earth’s interior has enabled scientists to
address some startling gaps in the original theory, like why
there are earthquakes and other tectonic phenomena on con-
tinents thousands of miles from plate boundaries:

“Plate tectonics as a theory says zero about the continents;
[it] says that the plates are rigid and are moving with respect
to each other and that the deformation happens only at the
boundaries,” Becker told Ars. “That is nowhere exactly true!
It's [only] approximately true in the oceanic plates.”

There are other puzzles, too. Why did the Andes and Tibet
wait tens of millions of years after their plates began to con-
verge before they grew tall? And why did the Sea of Japan
and the Aegean Sea form rapidly, but only after plates had
been plunging under them for tens of millions of years?

The subduction of a tectonic plate.

“They’'ve been puzzling us for ages, and they don't fit well
into plate tectonic theory,” says Jonny Wu, a professor fo-
cused on tectonics and mantle structure at the University of
Houston. “That’s why we're looking deeper into the mantle to
see if this could explain a whole side of tectonics that we don't
really understand.”

Plate Tectonics meet Slab Tectonics

The Plate Tectonics theory’s modern upgrade is the result of
new information. Beginning in the mid-1990s, Earth’s interior
has gradually been charted by CAT-Scan-like images, built by
mapping the echoes of powerful earthquakes that bounce off
features within Earth’s underworld, the way a bat screeches
to echo-locate surroundings. These “seismic tomography”
pictures show that plates that plunge down from the surface
and into the mantle (“subduct” in the language of geologists)
don't just assimilate into a formless blur, as often depicted.
In fact, they have a long and eventful afterlife in the mantle.

“When I was a PhD student in the early 2000’s, we were still
raised with the idea that there is a rapidly convecting upper
mantle that doesn’t communicate with the lower mantle,”
says Douwe van Hinsbergen, a professor of global plate tec-
tonics at the University of Utrecht. Now, that seismic tomog-
raphy shows “unequivocal evidence that subducted litho-
sphere [plate material] goes right down into the lower man-
tle.” This has settled decades of debate about how deep the
heat-driven convection extends through the mantle.

van Hinsbergen and his colleagues have mapped many de-
scending plates (dubbed “slabs”), scattered throughout the
mantle, oozing and sagging inexorably toward the core-man-
tle boundary 2,900 kilometers (1,800 miles) below our feet,
in an “Atlas of the Underworld.” Some slabs are so old they
were tectonic plates on Earth’s surface long before the first
dinosaurs evolved.
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Moving through the mantle from top to bottom, blue areas
are roughly equivalent to subducting slabs. Top panel seismic
tomography based on earthquake P (primary) waves, bottom
panel seismic tomography based on earthquake S (second-
ary) waves. Credit: van der Meer et al Tectonophysics 2018,
atlas-of-the-underworld.

Fluid solid

Slabs sink through the mantle because they are cooler and
therefore denser than the surrounding mantle. This works
because “the Earth acts as a fluid on very long timescales,”
explains Carolina Lithgow-Bertelloni, the endowed chair in
geosciences at UCLA.

High-pressure, high-temperature diamond-tipped anvil ap-
paratuses can now recreate the conditions of the mantle and
even the center of the core, albeit on a tiny scale. They show
that rock at mantle pressures and temperatures is fluid but
not liquid, solid yet mobile—confounding our intuition like a
Salvador Dali painting. Here rigidity is time-dependent: solid
crystals flow, and ice is burning hot.

But even by the surreal standards of Earth’s underworld, a
layer within the mantle between 410 and 660 kilometers
(255-410 miles) deep is especially peculiar. Blobs in dia-
monds that made it back from there to Earth’s surface reveal
it to be rich in water, where carbon, that once was life on—
or in—the seafloor, waits as carbonate minerals to be recy-
cled into the atmosphere, where diamonds grow fat over
eons before, occasionally, being recycled into the crowns of
royalty. Earthquake waves are distorted as they pass through
it, showing the 660-kilometer-deep boundary has mountain-
ous topography with peaks up to 3 kilometers (2 miles) tall,
frosted with a layer of weak matter.

Called the “Mantle Transition Zone,” this layer is a natural
consequence of the increasing weight of the rock above as
you go deeper underground. At certain depths, the pressure
forces atoms to huddle tighter together, forming new, more
compact minerals. The biggest of these “phase transitions”
occurs at a 660-kilometer-deep horizon, where seawater that
was trapped in subducting slabs is squeezed out of minerals.
The resulting dryer, ultra-dense, and ultra-viscous material
sinks down into the lower mantle, moving more than 10 times
slower than it did in the upper mantle.

For sinking slabs, that’s like a traffic light on a highway (in
this analogy your commute takes about 20 million years,
one-way), so slabs typically grind to a halt like cars in a traffic
jam when they hit the 660-kilometer level. Seismic tomogra-
phy shows that they stagnate there, sometimes for millions
of years. Or, they pile-up, buckle, and concertina. Or, they
slide horizontally. Or, sometimes they just pierce the Transi-
tion Zone like a spear.

It's these differences in how slabs cross the Mantle Transition
Zone that's the key to explaining those puzzling phenomena
on Earth’s continents.

Pulling back the subducted bedsheet

To see how the Andes were affected when a slab crossed the
Mantle Transition Zone, Wu’s PhD student Yi-Wei Chen
worked with Wu and structural geologist John Suppe, using
seismic tomography pictures of the Nazca Slab that’s in the
mantle under South America.

They clicked the equivalent of an “undo” button to “un-sub-
duct” the slab: “Like a giant bedsheet that’s fallen off the bed,
we could slowly pull it back up and just keep pulling and see
how big it was,” says Wu. Their technique is borrowed from
the way geologists flatten-out contorted crustal rocks in
mountain belts and oil fields to understand what the layers
were like before they were folded. Using the age of the Pacific
Ocean floor, the rate that ocean plates are being manufac-
tured at midocean ridges, and the configuration of those
ridges, the team compared the subduction history of South
America with a large database of surface geological observa-
tions, including the timing of volcanic eruptions.

“Our plate model is just a model, but there is a huge catalog
of tectonic signals, especially magmatism, to work with,”
says Wu. “"We started to see a link between when the slab
reached the mid-mantle viscosity change and things that
were happening in the surface.”

Aligntic
Dcean

A slice through Earth’s mantle under the Andes.

They found that the main uplift of the Andes was delayed by
20-30 million years after the most recent episode of subduc-
tion began, a delay that matches the time for the slab to ar-
rive at, stagnate in, and then sink below the Mantle Transition
Zone. Delays like that—millions of years between the start of
subduction and the start of serious mountain building—have
also been recognized in Turkey and Tibet.

How can a slab sinking through the Mantle Transition Zone
build mountains on an entirely different plate, 660 kilometers
away through the mantle?

It’'s a mantle wind that blows continents into moun-
tains

“If you take something that’s dense and you make it go
down, that’s going to generate flow everywhere, and that is
the ‘mantle wind,” so there’s nothing mysterious about it!”
says Lithgow-Bertelloni.

Geodynamicists like Lithgow-Bertelloni and Becker use a dif-
ferent approach than Wu’s bedsheet-like un-subduction pro-
cess. Instead, they code the equations of fluid dynamics into
computer models to simulate the flow of high-pressure rock.
These models are constrained by the physical conditions in
Earth’s mantle gleaned from high-pressure experiments and
by the properties of earthquake waves that have traveled
through those depths. By playing a “video” of these simula-
tions, scientists can check the behavior of slabs in their mod-
els against the “ground truth” of seismic tomographic im-
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ages. The better they match, the more accurately their mod-
els represent how this planet works.

“How the geometry evolves has to conform to physics,” says
Becker. “The deformation is different in the mantle from the
shallow crust because things tend to flow rather than break,
as temperatures and pressures are higher.”

Their models show that, as slabs sink below the Mantle Tran-
sition Zone, they suck mantle down behind them, creating a
far-reaching downwelling current of flowing rock. And it’s that
down-going gust of mantle wind that drags continental plates
above it, like a conveyor belt, compressing them and squeez-
ing mountain belts skyward in places like the Andes, Turkey,
and Tibet.

The location of the slabs relative to that 660-kilometer hori-
zon determines what kind of mountain chain you get. If a
subducting slab hasn’t yet sunk below the 660-kilometer
layer, you get the kind of mountains envisaged by classic
plate tectonics—without extreme altitudes and confined to a
narrow belt above the subducting slab. Examples include the
ones around the Western Pacific and Italy: “"We think the pre-
sent-day Apennines are an example of that,” says Becker.

The bigger mountain belts east of the Pacific and the Tibetan
Plateau are in a different category: “Once the slab transitions
through the 660, you induce a much larger scale of convec-
tion cell. That's when we are engaging what we call whole
mantle ‘conveyor belts.” And it's when you have those global
conveyor belts and symmetric downwelling rather than a
one-sided downwelling, that’s when you get a lot of the
[mountain building],” Becker said.

So one slab sinking below the Mantle Transition Zone can
create a mantle undertow that squeezes up mountains on an
entirely different plate, 660 kilometers above it. This new
level of tectonics now makes sense of other geological puz-
Zles.

What's stressing Asia?

The Tibetan Plateau north of the Himalayas is known as the
“Roof of the World” because it stands an average of 4.5 kilo-
meters (15,000 feet) above sea level. It achieved that alti-
tude around 34 million years ago, some 24 million years after
the Indian continent began to collide with Asia, and more
than 100 million years after seafloor first began to plunge
into the mantle under South Asia.

“The surface elevation of the Tibetan Plateau was acquired
after much of the crustal deformation took place, suggesting
that processes in the underlying mantle may have played a
key role in the uplift,” van Hinsbergen commented in the
journal Science recently.

During those 100 million years, the oceanic slab attached to
India seems to have stagnated and then penetrated the man-
tle’s 660-kilometer layer several times before the Indian con-
tinent finally collided with Asia. With that collision, continen-
tal crust began to plunge into the mantle. But it took millions
of years for that continental rock, more buoyant than the
oceanic rock that preceded it, to cause a slab pile-up in the
Mantle Transition Zone beneath Tibet. India’s slab buckled
and broke off, releasing the amputated Indian plate to buoy
up the Tibetan Plateau.

The fact that India continues, even today, to bulldoze its way
under Asia, long after the continents collided and the slab
broke off, has been another puzzle for geologists. It shows
that forces beyond classic plate tectonics must be at work.

But India’s continued motion isn’t the only mystery of Central
Asia. Lake Baikal in Siberia occupies a deep rift in Earth’s
crust caused by stresses that pull the crust there apart, and

across Central Asia there are San-Andreas-like fault zones
responsible for devastating earthquakes. These are out of
place for classic plate tectonics since they are thousands of
miles from a plate boundary. What, then, is stressing the in-
terior of Asia?

underthrusted Indian
continental
~[ithosphere
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Seismic tomographic slice through India and Tibet showing
the broken-off Himalaya Slab (Hi) and older Indian slab (In)
sinking toward the core.

The answer is, again, blowing in the mantle wind.

“This is not due simply to the fact that India has collided into
Asia. This is the result of longstanding subduction in the re-
gion. You have compression all through the Japan subduction
zone and into Indonesia and India,” says Lithgow-Bertelloni.
“There’s been a ring of compression and there’s been down-
welling, and that’s what gives you the regional stress pattern
today.”

In other words, in parts of the world where the mantle wind
converges and sinks, it drags plates together forming big
mountain chains. Farther away from that convergence, the
same mantle flow stretches the overlying plates, causing rifts
and faults.

Becker and Claudio Faccenna of Roma TRE University linked
the downwelling current under East Asia to upwelling of hot
mantle rock under Africa, a giant circuit of mantle wind that
drives India and Arabia northward today. With Laurent Jolivet
of the Sorbonne University, they reason that this mantle wind
flows under Asia, stressing those Central Asian faults and rift-
ing the ground under Lake Baikal. They also think it may have
stretched East Asia apart to form a series of inland lakes and
seas, like the Sea of Japan.

Slab syringe?

Wu thinks those East Asian seas and lakes might instead owe
their origin to a different gust of mantle wind: “East Asia is
puzzling in that you have these marginal basins that have
formed since the Pacific Slab began to subduct under that
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region. We think the Pacific Slab began to subduct around 50
million years ago and, shortly after that, many of these mar-
ginal basins opened up, including the Japan Sea, the Kuril
Basin, the Sea of Okhotsk. We don't really have a good idea
why they formed, but the timings overlap.”

Japan was part of the Asian mainland until about 23 million
years ago, when it rapidly (for geologists) swung away from
the mainland like double saloon doors in an old western
movie: “These doors swung open very quickly, apparently in
less than 2 or 3 million years. The Japan Slab [is] underneath
Beijing today, 2,500 kilometers inland. It's puzzling that it's
so far inland, and it can be followed all the way back to the
actual Pacific Slab today,” Wu told me at the AGU conference
in Washington, DC, last December. "What we've shown at
this conference is that slab is most likely all Pacific Slab, and
it looks like this slab has to move laterally in the Mantle Tran-
sition Zone.”

In other words, rather than sinking further down into the
mantle, the Pacific Slab seems to have slid sideways in the
Mantle Transition Zone, hundreds of kilometers beneath the
Asian Plate on the surface. Like a syringe plunger, it must
have squeezed mantle material out of its way, and it could
be that fugitive flow of mantle that stretched East Asia apart
to create the Sea of Japan, the Kuril Basin and the Sea of
Okhotsk.
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Seismic tomographic picture showing the subducted Pacific
Slab (white to purple colors) extending in the Mantle Transi-
tion Zone as far as Beijing.

Perhaps. Wu is the first to say this is speculative, but it's an
idea that’s consistent with plate reconstructions by other sci-
entists. It also fits the weird, water-rich properties of the
Mantle Transition Zone, with weak minerals and pockets of
fluid that would lubricate the slab’s penetration sideways ra-
ther than downwards. Fluid-dynamic computer models ex-
pect a weak lubricating layer at the 660-kilometer horizon.
“We see this in the numerical simulations of convection,” says
Lithgow-Bertelloni. “You see a lot of horizontal travel because
the slab can’t go down because of a combination of things
that are going on in terms of the viscosity structure and the
phase transitions, and so it gets trapped in the Transition
Zone, and so it has to travel.”

Becker is more skeptical: “"How far the slab under Asia trav-
elled laterally is a very interesting question that a lot of peo-
ple are thinking about, and it’s one that comes down to what
sort of tomographic models you look at,” he says.

Science by upgrade not by uproot

It's skepticism like Becker’s that drives science forward
through a never-ending trial by data. Scientists try to break
a theory by throwing observations at it to see if it handles
them. New data and new techniques sometimes throw up
puzzles that demand upgrades or bugfixes to the theory, but
most of the theory tends to remain intact. So it is, and always
has been, with plate tectonics. Even though its key ideas
crystallized in 1967, it didn't arrive fully formed in a blinding

“eureka!” moment. It was built on discoveries and ideas from
more than two dozen scientists over six decades until it ex-
plained a range of geological and geophysical observations
all over the world. That process continues today.

“What has changed dramatically since the late '90s is that
we're now approaching understanding of plate tectonics that
actually includes the continents!” says Becker.

Ironically this new direction harks back to the 1930s: “Arthur
Holmes had a textbook in the 1930s where he associated
mountain building such as the Andes with mantle convec-
tion,” says Becker. When Alfred Wegner proposed that conti-
nents drifted, he lacked a mechanism for that. With hindsight
it's strange that few made the link with Holmes’ work: “For
some reason science was not ready to make that connection,”
says Becker, “and it took until the establishment of seafloor
spreading in the late ‘60s for people to make the link.”

The grand challenge ahead

This new, deeper, understanding of plate tectonics is now rip-
pling through the Earth sciences. “Modern tectonics no longer
is restricted to classical concepts involving the movements
and interactions of thin, rigid tectonic (lithospheric) plates,”
says a Grand Challenge report to the US National Science
Foundation last year. So Earth scientists need to, “revisit our
traditional definition of tectonics as a field.”

Ramifications of a new plate tectonics theory extend far be-
yond geology, too, because it's woven into the fabric of other
sciences, like long-term climate change and the habitability
of exoplanets. We're also realizing that life and climate can
affect plate tectonics over long timescales.

“Plate tectonics 2.0 is a model of Earth evolution that includes
not just oceanic plates but includes the continental plates,”
Becker says. “"And once you include continental plates then
you have to worry about the processes such as sediments
coming down from the mountains, lubricating the plate, car-
bon gets dumped on them, then carbon gets released at the
subduction zones. Perhaps you might have control of subduc-
tion by climate.”

van Hinsbergen puts it this way: “Undoubtedly we’ll have ma-
jor progress to make in the next decades. But the black box
of the dynamics of our planet interior is now starting to be
comprehensively constrained by observations, even as deep
as to the core-mantle boundary.”

So like the plates themselves, it seems plate tectonics as a
theory will continue to shift, too.

(Howard Lee, 10.03.2019, https://arstechnica.com/sci-

ence/2019/10/plate-tectonics-runs-deeper-than-we-
thought)
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H TnOUG ka1 To eNiOETO TNG

O wkeavog nou avoige atnv apxn Tou MeocolwikoU aiwva Kai
£€kAgloe oTo nahald pépog Tou Kaivolwikou, pia IoTopia nou
AéyeTal aAmkog kUkAOG, £xel ovopaoTei TROUG, anod To o-
voupa TnG... npoylayiag oAwv, Tng Tnuvog.
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e Tov Moosidwva €ival noceIdwVEIOC/nocsidwvIoc, HE ToV
MAoUTwvVA NAOUTWVEIOG/MAOUTWVIOG, HE TNV ARuUNTpa dnun-
Tplog, e Tov AndAAwva anoAA®veIoc/anoAA®VIOC, e Tov Al-
oxUAo aioXUAAEIOG K.0.K.

'YoTepa and pia oulitTnon nou kdvape OTo MNEPIBWPIO TOU
MEZY, kataAn€ape OTI wg €niBeTo TNG TROUOG pnopei va eni-
Aeyei To TNOUEIOG/TNOUIOG Kal Oyl ag nMoUpe To TNBUIKOG
(kaTda T0 00PUC/00PUIKOC), JIOTI Ta «KTNTIKA» NApAYywWYa €ni-
BeTta and kUpla ovopara oxnuaTtifovrav Kupiwg PE TNV Ka-
TAANEN -€10G, aAAd Kal Ye TV anAoUoTepn -10G.

To ayyAlko avTioToixo €nibeto civar Tethyan, pye navw ano
600.000 anoTteAéoparta otnv avalntnon Google. Ta TeAeuTaia
Xpovia, OpwG, kanolol aTnv ayyAikn BiBAloypagia apxioav va
xpnoigonolouv Tnv ekdoxn Tethysian. H ekdoxn auth eival
npopavwe ecPaipevn, apol KaTa Tnv napaywyn dev €xel a-
paipebei n kataingn -s.

(Nikog Kappag / OPOFPAMMA Ap.157 IoUAiI0G — AUyOoUuoTOG
2019, oc\. 3-4, http://www.eleto.gr)
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Earth has a new geologic age: The Chibanian

It's all thanks to a cliff by a river in Japan.

A photo shows the cliffside in Japan's Chiba prefecture
that's part of a line of sediment that recorded the geologic
history of the planet between 770,000 and 126,000 years

ago.

Earth has a new age: the Chibanian geologic time interval,
which took place from 770,000 to 126,000 years ago, thanks
to a layer of sediment found on a riverside cliff in southern
Japan.

The Chibanian age was named after Chiba, the Japanese pre-
fecture where the sediment was found, and was recently rat-
ified by the International Union of Geological Sciences. That
period is important because it included the most recent re-
versal of Earth's magnetic field, an article in Eos said. At var-
ious points in our planet's history, Earth's magnetic north and
south poles have swapped locations. When that flip happens,
it leaves a mark in rocks around the planet. The cliffside sed-
iment in Chiba, Japan, may offer a richer record of that re-
versal than any other site on Earth.

That polar flip, known as the Brunhes-Matuyama reversal, is
still the subject of some debate. A 2014 paper published in
the Geophysical Journal International used information from
a layer of sediment found in Italy to argue that the flip took
place in the span of a few decades. A 2019 paper published

in the journal Science Advances argued, relying on infor-
mation from ancient lava flows in Hawaii, that the reversal
took closer to 22,000 years. As an excellent geologic record
of this flip, the Chiba sediment could eventually help resolve
the debate.

Studying how the polarity reversal happened might help us
understand what's going on today. Our planet's magnetic
poles have wandered in recent years, and scientists don't
fully understand why.

(Rafi Letzter - Staff Writer / LIVESCIENCE, 31.01.2020,
https://www.livescience.com/new-geologic-age-chi-
banian.html?utm source=Selligent&utm me-
dium=email&utm campaign=9160&utm con-

tent=LVS newslet-

ter+&utm term=2744272&m i=rEIr1A541yzUUpl6e%2BOE
z ALt MC8PWIXJIYONzGPsrIYUX7VglKTu3I5iQghocia-
QKS8TPDISGXVCXH7auOc5Y0II6CVVWaXcU8YHIrrs)
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ENAIAG®EPONTA -
NMEPIBAAAON

US researchers develop living bricks

A living building material made with bacteria that can
grow itself could lead to more sustainable buildings

Researchers at the University of Colorado Boulder in the US,
have used active bacteria to create living bricks that can grow
themselves, in order to design more sustainable buildings.

In a recent study published in the journal Matter, the re-
searchers showed how living building materials (LBMs) could
be engineered with the help of certain types of bacteria.

Wil Srubar, an engineer at the university, said “Nature has
figured out how to do a lot of things in a clever and efficient
way, we just need to pay more attention.”

In the study, Srubar and the research team discovered that,
under a range of humidity conditions, the living bricks have
‘about the same strength as the mortar used by contractors
today’.

The self-growing bricks were developed using a green mi-
crobe called cyanobacteria.

The microbe, which absorbs carbon dioxide (CO_) as it
grows, produces calcium carbonate — the main ingredient in
both cement and limestone - as a by-product.

The Colorado Boulder researchers introduced the bacteria
into a sand and gelatin solution and, eventually, engineered
the bacteria’s calcium carbonate by-product to mineralise the
gelatine. This bound it to the sand and created a living brick
that was both strong and capable of growing itself into a new
brick if cut in half.

(CONSTRUCTION EUROPE, March 2020, p. 13)

Building materials come alive with help from
bacteria

CU Boulder researchers have developed a new approach to
designing more sustainable buildings with help from some of
the tiniest contractors out there.

In a study published today in the journal Matter, engineer Wil
Srubar and his colleagues describe their strategy for using
bacteria to develop building materials that live and multiply—
and might deliver a lower carbon footprint, to boot.

“We already use biological materials in our buildings, like
wood, but those materials are no longer alive,” said Srubar,
an assistant professor in the Department of Civil, Environ-
mental and Architectural Engineering (CEAE). “We're asking:
Why can’t we keep them alive and have that biology do
something beneficial, too?”

You can’t buy these microorganisms turned bricks at your lo-
cal Home Depot just yet. But the researchers say that their
ability to keep their bacteria alive with a high success rate
shows that living buildings might not be too far off in the
future.

Such structures could, one day, heal their own cracks, suck
up dangerous toxins from the air or even glow on command.

“Though this technology is at its beginning, looking forward,
living building materials could be used to improve the effi-
ciency and sustainability of building material production and
could allow materials to sense and interact with their envi-
ronment," said study lead author Chelsea Heveran, a former
postdoctoral research assistant at CU Boulder, now at Mon-
tana State University.

Rice crispy treats

Today's more corpse-like buildings materials, in contrast, can
be costly and polluting to produce, Srubar said: Making the
cement and concrete alone needed for roads, bridges, sky-
scrapers and other structures generates nearly 6% of the
world’s annual emissions of carbon dioxide.

Srubar’s solution: Hire some bacteria.

In particular, he and his colleagues experimented with cya-
nobacteria belonging to the genus Synechococcus. Under the
right conditions, these green microbes absorb carbon dioxide
gas to help them grow and make calcium carbonate—the
main ingredient in limestone and, it turns out, cement.

To begin the manufacturing process, the researchers inocu-
late colonies of cyanobacteria into a solution of sand and gel-
atin. With the right tweaks, the calcium carbonate churned
out by the microbes mineralize the gelatin which binds to-
gether the sand—and, presto, a brick.

RN
Top: Wil Srubar and CU Boulder graduate student Sarah Wil-

liams in the lab. Bottom: A mold for shaping bricks made out
of living materials.

“It's a lot like making rice crispy treats where you toughen
the marshmallow by adding little bits of hard particles,”
Srubar said.

As an added bonus, such bricks would actually remove car-
bon dioxide from the air, not pump it back out.
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They’re durable, too. In the new study, the team discovered
that under a range of humidity conditions, they have about
the same strength as the mortar used by contractors today.

“You can step on it, and it won't break,” he said.
Buildings making buildings

The researchers also discovered that they could make their
materials reproduce. Chop one of these bricks in half, and
each of half is capable of growing into a new brick.

Those new bricks are resilient: According to the group’s cal-
culations, roughly 9-14% of the bacterial colonies in their
materials were still alive after 30 days and three different
generations in brick form. Bacteria added to concrete to de-
velop self-healing materials, in contrast, tend to have sur-
vival rates of less than 1%.

“We know that bacteria grow at an exponential rate,” Srubar
said. “That’s different than how we, say, 3D-print a block or
cast a brick. If we can grow our materials biologically, then
we can manufacture at an exponential scale.”

He notes that there’s a lot of work to do before that happens.
The team’s cyanobacteria, for example, need humid condi-
tions to survive—something that’s not possible in more arid
regions of the world. So he and his team are working to en-
gineer microbes that are more resistant to drying out so they
remain alive and functional.

But the possibilities are big. Srubar imagines a future in
which suppliers could mail out sacks filled with the desiccated
ingredients for making living building materials. Just add wa-
ter, and people on site could begin to grow and shape their
own microbial homes.

“Nature has figured out how to do a lot of things in a clever
and efficient way,” Srubar said. "We just need to pay more
attention.”

Other coauthors of the new study include CU Boulder’s Jeffrey
Cameron, assistant professor in Biochemistry; Sherri Cook
and Mija Hubler, both assistant professors in CEAE; postdoc-
toral researchers Juliana Artier and Jishen Qui; and graduate
student Sarah Williams.

(Daniel Strain / CU Boulder Today, Jan. 15, 2020,
https://www.colorado.edu/today/2020/01/15/building-ma-
terials-come-alive)
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Start-up of the day: Underground hot water
tank heats thousands of houses

About Ecovat

Ecovat has designed a system where a supersized tank can
store hot water underground. “In conjunction with sustaina-
ble systems for generating energy such as solar thermal pan-
els and a heat pump powered by wind energy, the Ecovat
system is able to heat thousands of homes without any CO2
emissions in winter. And can cool these down in summer too,”
says founder Aris de Groot.

What motivated you to set up Ecovat and what problem
did this resolve?

Ecovat's hot water vessel is 30 metres deep and is insulated
with a layer of bubble glass

“In 2011 I looked into how you could make buildings more
energy efficient on behalf of a client. It turned out that 80%
of the average energy bill is spent on heat, most of which you
use in winter. Whereas it's mainly in summer when you can
generate plenty of sustainable energy, as is the case with
thermal panels. Even though you don't actually need that
heat right then. That’s when I started thinking about a way
to store the heat that you generate in the summer so that
you can use it in the winter.

“So I came up with the idea of making a huge underground
tank which you can fill up with water up to 95 °C. In order to
store that heat, the tank is insulated with foam glass, a thick
layer of glass with a structure that looks like the inside of a
Bros chocolate bar. As the underground tank is so large - it's
30 meters in diameter and 30 meters deep and holds 20,000
cubic meters of water - it retains the heat better than if it
were in a smaller tank. The larger the tank, the slower the
rate that the water cools down. And the cheaper the heat
becomes. The water can be extracted at several levels from
the tank. The warmest water is at the top of the tank. The
coolest water is at the bottom. That can be used in summer
for cooling homes.”

What was the main obstacle that you had to overcome?

"I had to find funding in order to flesh out my plan. And I had
to figure out how to realize the Ecovat system technically. As
far as the latter was concerned, it was a matter of trial and
error. The insulation material was developed in collaboration
with the TU/e in Eindhoven. That is 100 % sustainable and
capable of withstanding pressures of up to 6 bar. It's built to
last at least 50 years. We also had to develop software which
could regulate the energy flows in the Ecovat system, e.g.,
for when a lot of sustainable energy is generated.

Sometimes it’s the heat pump which is also part of the sys-
tem that was problematic. Other times it was the thermal
panels or the warm water coming from the Ecovat. The tricky
thing is to make sure that the system is cost-effective and
that all its functions are aligned properly with each other. Af-
ter a pilot with a 2000 cubic metre tank in Uden between
2014 and 2017, it turned out that the Ecovat system really
did work and that it is scalable. That means that if you con-
nect a lot of houses to the Ecovat sytem, it will be commer-
cially viable.”

What has been the biggest breakthrough so far?

“That we also sorted out any issues that were there before
the Ecovat system was up and running.”

What can we expect from Ecovat in the coming year?

“That’s when construction will start on our first commercial
Ecovat system for Mijnwater, an energy supplier in Heerlen.
This will hold 20,000 cubic metres of heated water. It will be
connected to the existing heat network and will heat 2000
extra homes belonging to three housing corporations.”
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Where do you want to be in 5 years time with Ecovat?

“Then we’ll be building four Ecovat systems each year, with
a turnover of about €60 million.”

https://www.youtube.com/watch?time con-

tinue=3&v=baV6all3IgY&feature=emb logo

(Lucette Mascini, Feb 3, 2020, https://innovationori-
gins.com/start-up-of-the-day-underground-hot-water-tank-
heats-thousands-of-houses/?utm medium=email&utm con-
tent=K7uyxz5BWGwWQT5EGkoszzdWkSH6tITtICN8D2SNfmI-
hRHiAU-f5 k I5EqODJsRY)
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EVTUNMOIAKEG KATESAPIOEIG HEYGA®V KTIpiwV

https://www.youtube.com/watch?v=Pm20ZnXEq2U
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PekoHCTpyKkuus (AVAKATACKEUR)

PaboTbl N0 peKOoHCTPyKUMW 3aaHus. [naBHoe - BOBpeMs
cpearnpoBatb! (Work on the reconstruction of the building.
The main thing is to react in time!)

https://www.facebook.com/nuzhdin.ml/vid-
€0s/797217137093915/

Leonid Viktorovich Nuzhdin, 7 AnpiAiou 2017

o3

O 'EAAnvag EnioTRiHovag nou enixeipei va Eava-
YypAawel Tn ®UCIKN TOV ZHATISiov
AvaTpEnovTag TIG KUPIapXEG anoWeig yia Tnv UAN kai
TA OTOIXEIMSN CUCTATIKA TNG

JuvévTeugn pe Tov akadnuaiké Kwora Bayeva

‘Evag diakekpipevog ‘EAANVAG eNICTRAPOVAG, 0 XNHIKOG HNYavi-
KOG Kal pualkoxnUIkOG KwoTtag Bayevag, pehog Tng Akadnpiag
ABnvov kal TnG EBviknAg Akadnpiag Mnxavikwv Twv HMA, o-
MOTIHOC KadnynTAg Tou TuAMATOC XNUIK®V Mnxavikwv Tou
MavenioTnuiou MaTtpwv, €niTiHog kabnynTng Tou ApIOTOTE-
Aglou MavenioTnuiou Ogcoalovikng kal npwnv Kadbnyntng Twv
navenioTnpiov MIT kai Yale, €xel avanTu&el €éva avaTpenTikd
pnxaviko npotuno (HovTEAO), TO onoio, av enaAnBeuTei NAn-
pwg, TOTE Ba npénel va Eavaypa@Touv noAAd BiBAia Tng du-
OIKAG NAYKOOMIWG.

H €niluon Tou POVTEAOU MouU, ONWC aVAPEPETAl OTNV TEAEU-
Taia enioTnpovikr dnuocicuon Tou, €ival og €EAIPETIKN) GUU-
Qwvia pe Ta BIBAIoypapIkda neipapaTika dedopéva, deixvel OTI
ol BepgAiol AiBol kar n dopn TNG UANG dev €ival auToi Nou €0w
kal dekasTieg napouaialel To Aeyopevo «KabBiepwpévo Mpo-
Tuno» (Standard Model). To véo povTéAo odnyei oTo oupne-
pacua Ot ol NEXPI TWPA BEWPOUUEVEG TEOOEPIG DUVAMEIG TNG
®duong eival pévo duo, n BapuTtnta kair o HAekTpopayvnTi-
ouOG, Kabwg n Ioxupn kalr n AcBevng Auvaun avageoa ora
owpatidla gEnyouvTal and Tn BaplTnTa kai Tnv IXETIKOTNTA
Tou Einstein, o ocuv3duaouog Twv onoiwv dnuioupyei TV pala
TWV OUVBETWV cwpaTidinv. To NpoTuno autd Aéyeralr «Mov-
TéEAO Twv MepioTpepopévwv AenTtoviwv» (Rotating Lepton
Model r; RLM) ka1 xpnoigonolei Tnv peBodoAoyia Tou yvwaoTou
HovTéAou Bohr yia To udpoydvo, pe TNV BapuTnTa wg KEVTPo-
MOAo duvaun.

O k. Bayevdg kal ol cuvepyaTeg Tou A. Toolong kai A. Fpnyo-
piou Tou MavenioTnuiou MNaTpwv, o€ dnUOCIgEUON TOUG OTO Ne-
p1031kO «Physica A», xpnoipgonoioUVv To VEO WOVTEAO yia Tov
unoAoyiopo Twv palwv 15 ouvBétwv cwpaTidiov (NpwTo-
viwv, veTpovinv, aAwv adpoviwv aAAa kai pnoloviwv) Kal
EMITUYXAVOUV EKMANKTIKN ouppwvia (He akpiBeia 1%) He TIG
NEIPANATIKEG TIMEG, XWPIG Kapia ayvwaoTn napdperpo. Eniong
degixvouv OTI n UAn anoTeAcital and névte Bepehiwdn (Anpo-
KpiTela, dnAadn atunTa) cwuatidia: Tpia veTpiva, To NAeKTPO-
VIO Kal To nodiTpovio (Cwpatidlo avTiuAng He avTiBeTo nAe-
KTPIKO QopPTio anod To NAekTpodVIo). Ta Koudpkg, NoU avayvw-
picel To «KaBigpwpévo MpoTuno» wg BepeAiwdn cwuaTidia, &i-
val oTnv NpaypartikoTnTa, cUP@®VA PE TO VEO HOVTENO, TaxU-
TATa VETPiva Nou KIvoUVTal 0€ KUKAIKEG TPOXIEG HE TaXUTNTA
noAU KovTa oTtnv TaxUTNTa Tou PWTOG.

O1 peyaleg TaxUTNTEG TwV VETPivwV dnuioupyoUv, cUPQWVa
HE Tov AivoTdaiv, yeyain adpavelakn kai BapuTikr pada, outwg
woTe dnuioupyeiTal n pala Twv adpoviwv, ONwG gival Ta Npw-
TOVIa KAl Ta VeTpOvia. And To véo povTeéAo RLM ouvenayeTal
oTI n Ioxupn AUvapun gival anAwg n BapuTikn €AEN WETAEU TwV
owuaTIdiwv autwy, nou KivoUvTal nepinou Pe Tnv TaxuTnTa
TOoU QWTOGC. AnAadn n Ioxupn Auvaun €ival SXETIKIOTIKA Ba-
puTNTa PETAEU veTpivwy, evw n AcBevig AUvapn gival ZXeTI-
KIOTIKR BaputnTa peTa&l verpivwv kal nAekTpoviwv f nol-
TpoVviwv.

To ABnvaikd kai Makedovikd MpakTopeio EidrAoewv {nTnoe
ano Tov K. Bayevd va WIAACEl yia TO HOVTEAO TOU Kal Ta VEA
anoTeAeéopara:

EP: MNMoigg €ival o1 KUPIOTEPEG BEWPIEG TNG CWHATIOIAKNAG
DUOIKRAG Nou N JIKN oag Oswpia EpXETAl va KATappiyel;

AN: H dikn pag Bswpnon diaPépel ouaiwd®E anod To Kablepw-
pévo npdTuno oto OTI, Baociopevol povo oe BePeAIREIG VO-
Houg TNG PUoIKnG, anodeikvUoUKE 0TI N dUvapn nou ouykpa-
Tel Ta CUOTATIKA TWV NUPNVWYV, €ival BapuTikng PUOEWG. An-
Aadn nepiypagetal and éva anAdé cuvduaouo Tou BapuTikou
Nopou Tou Neutwva kal Tng Bacikng e&iowong Tng Eidikng
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https://www.youtube.com/watch?v=Pm2OZnXEq2U
https://www.facebook.com/nuzhdin.ml/videos/797217137093915/
https://www.facebook.com/nuzhdin.ml/videos/797217137093915/

SXETIKOTNTAG Tou AivaTalv, Xwpic va xpelaleral enikAnon Tng
Ioxupng AUvapng. Mia aiAAn diagpopd eival 0TI 0TO NPOTEIVO-
MeEvo PovTEAo dev xpeldleTal va BuaiGooupE TNV aITIoKPaTia
TWV QUOIKOV VOUWV TNG Kivnong, aAAd anAwg va tn ouvoud-
OOUME ME TOV KUMATOOWHATIOIaKO SUICHO TNG UANG, Onwg &-
Kave o Mnop HE TO NAYKOOMIWG YVWOTO HOVTEAO Tou udpoyod-
vou.

To «MovTélo Twv MNepioTpeopévwy Aentoviovs (RLM) xpn-
oiponolei Tnv peBodoAoyia Tou povTéAou Bohr yia To udpo-
yovo. Apa dev dnuioupynoadue kanoia véa Bewpia, anAwg
ouvOUACANE WG PNXAVIKOI Kal (PUCIKOXNHIKOI TOUG yvwaToUuGg
VOMOUG TNG BapuTnTtac Tou NeUTwva, TG €I8IKAG OXETIKOTNTAG
Tou AivoTdiv kal Tnv e§iowon Tou De Broglie, nou unnp&e n
Baon TnG KBavTounxavikng.

Ta oUvBeTa cwuaTidla Nou apxIka BEAOUNE va NEPIYPAWOUE,
gival To veTpdvio Kal To NPWTOVIO, MOU EUNEPIEXEI KAl €va MO-
Tpovio. H eikdva nou dnuioupyoUps, gival 0TI kaBéva anoTe-
AgiTar ano pia Tp1ada NEPICTPEPOPEVWV OWHATIdIWY, Ta onoia
diatnpouvTal oTnV KUKAIKA TpoXId Toug ano Tnv apolBaia Ba-
PUTIKNA TOUG €A&N.

Ta owpatidia autd anodeikvUoUPE OTI €ival anA®G TaXEWG ne-
pIOTPEPONEVA VETPIVA PE TaXUTNTa NoAU KovTa oTnv TaxuTnTa
TOU PWTOG, £TCI NOU, CUMPWVA HE TNV EI0IKA ZXETIKOTNTA TOU
AivaTaiv, n pala Touc auEaveral NoAU kal @Bavel To éva TpiTo
NG palag Tou NpwToVviou ) VETPovViou. Apa Td KOUAPKG TOU
KaBlepwuéVoU NPoTUMNOU €ival anAwG TaxEa -OXETIKIOTIKA- VE-
Tpiva.

TéNog, To RLM anodeikvUel 0TI ano Ta 16 «Beueliakd» ocwpa-
TidIa Tou kKaBiepwpEvou npoTunou, JOvo Ta nNEvTe -nolITpovia,
NAEKTPOVIA Kal Ta Tpia veTpiva- ival BepeAiwdn Pe TNV Anpo-
KpiTela évvola owpaTidia, evw Ta unoAoina anoTeAoUV ouv-
duaopoug autwVv TwV NEVTE N dev undpxouv, ONwg n.x. To
YKAoUOVIO.

EP: MNoia €ival n éwg Topa avridpaon Twv EAAAVOV Kal
EEVWV OUVASEAPWV 0aG ENICTNHOVMYV, 13iKG¢ TWV PUOI-
KOV, an&vavTl OTIG AVTICUHBATIKEG anOYeIG oag nou
«&avaypagpouv> Ta BiBAia Tng PUoIkng;

Al: Mpénel va TovioBei OTI KAVEIG PUTIKOG HEXPI TwPA eV EXE
unodei&sl onolodnnoTe o@AANA OTNV GUAANOYIOTIKN KAl oTa Ja-
OnuaTika Tou RLM. To kaBiepwpuévo NpdTUNO €XEl KATAPEPEI
OPIOPEVEG ONUAVTIKEG ENITUXIEC OTNV NEPIYPAPN TWV CWUATI-
d1akwVv aAANAENIdpacewy O€ Hia eUpeia NEPIOXN (PAIVOUEVWYV,
OHWG NepIEXEl 26 Npooapuolopeveg aTabepeg, dnAadn 26 au-
BaipeTec pubuioelg, evewy To RLM dev nepi€xel kayia.

MapoucIaoape To JOVTEAO UaAG KAToMnv NpookARoewe dUo Ppo-
pég, To 2017 kai To 2019, oTOo NAYKOOUIO OUVESPIO SwHATI-
diakng duaikng «Lomonosov Conference on Particle Physics»
oTtn Mdoxa pnpooTd oe nepinou 400 QuaikoUg, KaBe popd Me
MeyaAn emituxia. AGBape HOVO ENOIKODONNTIKEG Kal EEQIPETIKA
€vOIAPEPOUCEG ANOPieg Kal oXO0AIa, NEPIAAUPBAVOUEVWV TWV I-
31aiTEPa KOAGKEUTIKWV OXOAIwV TOU Npo£dpou Tou Suvedpiou
Kadnyntr) AAeEAVTEP ZTOUVTEVIKIV.

EP: Mpo pnv®v KAvaTe pia €NICTNHOVIKA NEPIOdEia o€
KopuPaia AHEPIKAVIKA NAVENIOTAMIAO napouciajovrag
Tn Oswpia oac. Moieg Roav o1 avTidpAaceig;

Al: O1 opiAieg nou €dwoa o€ eNTa KOpUpAia apePIKAVIKA na-
veniothuia (MIT, MpivoTov, MnépkAei, STavpopvT, Caltech,
Mavenmorrpio NoTiag KaAipopviag kai Kalipdpviag-Zav NTié-
YyKo0), ano 14 €wg 30 ZenTtepPBpiou 2019, oTéPOnKav and pe-
YyaAn enituyia, BeTIKOTATEG avTIOPACEIG KAl EEAIPETIKEG EPWTN-
osI¢. BeBaiwg ol neEPIoCOTEPOI aKpoaTeG noav PUCIKOXNMIKOI
Kal Xnuikoi Mnxavikoi, 6pwG unnpxav kai apkeroi ®uaikoi nou
€0g0av NOAU KAAEC Kal ENOIKOJOUNTIKEG EPWTAOTEIC.

EP: Nooeg eAnideg £xel évag 'EAANvVAG eNiCTRHOVAG KAl
HAAIOTa XNUIKOG va (PEPEI TA NAVW-KAT® oTn DUCIKK;

Ynapxouv CUYKEKPIMEVA NEIPAPATA Nou 6a pnopoucav
va eniBepBai®oouv Tn Oswpia oag;

AM: 'OTav n véa Bewpnon eival anholoTepn Kal unoaTnpideral
ano To neipapa, dnwg TNV NPoKeIPEVN NepinTwaon and TIG HE
akpiBela 1% unoloyilopeveg Paleg 15 €k TWV KUPIOTEPWV
OUVBETWV owuaTISiwv Xwpic kapia npooapuolOevn napaye-
Tpo, TOTE oI €ANIdEG €ival oNUAvTIKEG, NAapa TIG SUOKOAIEG Kal
TNV dIAPOPETIKA YAWCOa nou xpnaoiponoiolv ol 3U0 KoIVOTN-
TEC.

'ONwg €ival avapevopevo, unapxel Heyain noikiAopop@ia oTo
TPOMO WE TOV OMOI0 N EMNICTAMUOVIKN KOIVOTNTA avTIMeETwILEl
Tn véa Bewpnon. 'Opwg Napd Tig SUCKOAIEG, EXOUHE NdN KAvel
nepi TIg 20 dnpoaoIsloEeIG o€ KAAa NePIodIKA PE KPITEG, KABWC
Kal gg €va BIBAio Tng Springer.

Ag unv Eexvape 6T o1 duaikoxnuIKoi Exouv ndN nai&el oTo na-
peABOV onuavTikd poAo oTn diapopPwaon Tng cuyxpovng du-
oIkNG. H epyaaia pag deixvel 0TI unapyxouv anuavTikoi diauAol
METAQOPAC XPNOIUNG TEXVOYVWaIag avapeoa atnv OswpnTIKN
®uoikn kal atnv duaoikoynpeia.

Mépav TnNG eVTUNWOIaKnG cUpPWViag avaueoa oTo neipapa kai
OTIG -XWPIG AYVWOTEG 0TaBEPEG- MPOBAEYEIC TOU JOVTEAOU Yia
TIG Haleg Twv 15 NALOV ONUAVTIK®V CUVBETWV CwHATISIwY,
KATI MoU To KabiEpwEVO NPOTUNO aduvdaTel EVTEAWG va KAVEl
XWPIG NpooapuolOUEVEG NAPAUETPOUG, UNAPXOUV Kal AAAa,
dUoKOAa OPWC, nNeipduaTa nou 6a pnopoucav va sniBeRai®-
ogouv To RLM, 6nwg n npaypaTonoinon Twv neipapatwv egai-
Awong Jeuywv NolITpoviwv - NAEKTPOVIWV OTA €pyacTnpid
Superkamiokade kai IceCube, nou supiokovTal o€ peyalo Ba-
Boc KaTw ano Tnv enipaveia TngG Fng, Ye cuvéneia Tnv Unapén
HEIWHEVNG OUYKEVTPWONG VETPivwyY. To RLM npoBAenel oTI o
oxnuaTiopog adpoviwv (adpovonoinong) and Ta verpiva Ba
gival onuavTikd PIKpOTEPOG OE aUTn TNV NeEPINTWon.

EP: 'Exovrag HeyaAn navenioTnHiakrn/akadnpaikn/e-
PEUVNTIKN NEipa evrog Kal eKTOG EAAASOG, NWG KPIVETE
TIG £0G TOPa NPWTOBOUAIEG TNG KUBEPVNONG OTO XWDPO
Twv AEI; Oa €ixare kaGnoia cudBOUAR yid TNV unoupyo
K. Kepapwg;

Al: O1 npwToBouAieg TnNG K. Kepapéwg otov XWpo Twv AEI
£€XOUV YeVIKA ayaBég npoBEaelg, nou OpwG Ba kpiBolv TeAIKA
oTnVv Npagn. Baoikd {ntoUpevo gival n BeEATiwoN TNG NoidoTNTAg
Tng didaokaAiag kal TG €peuvag kai n dnuioupyia KAigaTog
ouvaiveong, ogBacpol Twv JIKAIWPATWV OAwV Kal n, oUu-
Qwva pe Ta diebvn npoTuna, anpdokonTn Aeiroupyia Twv Ma-
VEMIOTAMIWV Jagc.

AIdGoKw aTo eAANVIKO MavenioTApIo ni 40 £Tn, €K TWV OMNoi-
Vv unoAoyilw OTI Ta NEVTE NEPINOU Ta €Xw NEPATEl, ONWG Kal
0l NEPITOOTEPOI CUVADEAPOI KAl CUVEPYATEG HOU, KAEIDWHEVOI
€Ew ano Ta ypageia kal epyacTnpld pag, wg anoTeEAeoua a-
XPNOTWV KATAANWEWV, Mou and POVEC TOUC anoTEAOUV O
Kaipo Anpokpartiag napaBiacn Tou MavenioTnuiakoU acUAou.
Mpénel va kaAAigepynBei oTo MavenioTnuid pag éva KAiga oes-
Baouou Twv dNPOKPATIKWV JIKAIWHATWY OAWV, QOITNTWV Kdl
epyalopévmv.

©a cupBoUAeua TnV K. Kepapéwg va neplopioel, 6go ival du-
vaTo, TIG apvNnTIKEG OUVENEIEG TNG NPdOPATNG ano Tov K. [a-
BpoyAou avwTaTtonoinong Twv TEI kal TNG CUVEVWONG TOUG HE
Ta MavenioTrpia, nou €ival evieAws apvnTiKES yia Ta Maveni-
otnuia, yia Ta TEI kal yia Tnv Xwpa. Eniong 6a Tnv napoTtpuva
va aywvioBei yia TNV au&non Twv anodoxwyv Twv d1daoKOVTHV
ora MavenioTApia Kag, yia va neplopiobei kal va avTioTpapei
To brain drain kal va avéBel €Tol kal n noioTNTa Twv Maveni-
OoTNMIWV Jag, nou £xel UNOXWPNOEI ONUAvTIKG gg OAOUG TOUG
OeikTeg Ta TeAeuTaia 15 xpodvia.

EP: KanoTe gUyate and To MIT yia va yupioeTe oTnv EA-
Aada. Znpepa 0a ocupBouAelaTe TouG ‘EAANVEG nioTR-
HOVEG OTO EEWTEPIKO va kKAVOuUV TO id10 A n 31EOBVAG -
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neipia givai npoTiNoOTEPN;

Al: H di1eBvng euneipia sival evTeAw¢ avaykaia, av BEAoupe
va eipaoTe dIEBVWG avTaywvioTikoi. 210 IopanA Atav, kai ni-
orelw €ival, avaykaaoTikn npolnoBeon yia évra&n oc Baduida
KalnynTikn n SIETNG EpNeIpia HETA To 5186aKTOPIKO O UWNARG
noldTNTag auePIKavika n eupwnaika navenioThuia.

Nai, 6a oupBoUAcua Touc 'EAANVEG ENIOTHANOVEG TOU €EWTEPI-
KoU va yupigouv, KaTtd npoTignon Opwg os Tufuarta énou Ka-
nolol anod Toug dIBACKOVTEG €XOUV €pyaaBei os EEva naveni-
OTNMIA KAl EPEUVNTIKA KEVTPA.

Mpoownikd, dev PETAVIOVW Mou agnoa To MIT kal yupioa
otnv Narpa 1o 1981. 'Huouv TUXEPOG nou Bprka kaAolg ou-
vadEéAPOUG, OUVEPYATEG Kal (POITNTEG Kal £TOI UNOPEDTA KAl EK-
METAAAEUTNKA QUTO MOU NPooPEPEl anAoXepa n natpida pac:
MoAU Xpovo yia okeywn, didackaAia, Epeuva kai dnuioupyia.

SUvSECHOG Yia TNV €NICTNHOVIKN dnuoaiguon:

https://www.sciencedirect.com/science/article/pii/S037843
7119320515

Computation of the masses, energies and inter-
nal pressures of hadrons, mesons and bosons
via the Rotating Lepton Model

C. G. Vayenas, D. Tsousis, D.Grigoriou
Highlights

e The masses of 15 composite particles were computed via
the rotating lepton model.

e Some basic thermodynamic properties of these particles
have been computed.

e The gravitational Bohr type analysis uses SR and has no
adjustable parameters.

e The strong force can be modeled as relativistic gravity
between neutrinos.

o The weak force can be modeled as relativistic gravity be-
tween neutrinos and e+

Abstract

The rotating lepton model (RLM) of composite particles is
used in conjunction with special relativity, the equivalence
principle of inertial and gravitational mass, and the de Broglie
wavelength equation, to compute analytically the masses,
potential energies and Hamiltonians of 9 hadrons, 3 mesons
and 3 bosons without any adjustable parameters. The model
is also used to derive analytical formulae for their confining
force and internal pressure and to compare with the experi-
mental values measured recently via deeply virtual Compton
scattering (DVCS) and computed via lattice Quantum Chro-
modynamics (LQCD) calculations. Agreement between the
RLM computed masses and the experimental ones is, surpris-
ingly, within 1% and supports the previously proposed notion
that the strong force can be modeled as a relativistic gravi-
tational force between neutrinos, and that the weak force can
be modeled as a relativistic gravitational force between elec-
trons or positrons with neutrinos or antineutrinos.

https://doi.org/10.1016/j.physa.2019.123679Get rights and
content

https://www.sciencedirect.com/science/arti-

cle/pii/S0378437119320515#!
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NEEZ EKAOzZEIZz 2TI2
FEEQTEXNIKEz
EMNIZTHME2

Project risk catalogue

Technical Committee
A.3 Risk Management

During the PIARC work program for
TC A.3 Risk Management 2016-
2019, a general, extensive PRO-
JECT RISK CATALOGUE was pre-
pared by WG2 members. To arrive
at this catalogue, the working
group conducted an effort that involved the documentation
of their collective experiences, an extensive literature search,
experience from previous cycles, findings from joint interna-
tional seminars with TC E.1 Adaptation Strategies/Resiliency
and E.3. Disaster Management, and experience from local ex-
perts from LMIC (Cuba, Vietnam).

The goal of the catalogue is to serve as a comprehensive tool
that will help facilitate the risk management process, and
supplement brainstorming sessions for the identification of
relevant project risks. Although it was intended to be as com-
prehensive as practical, listing the most frequently occurring
risks in major road projects, the catalogue is not intended to
be inclusive of all possible risks.

The Risk Catalogue includes the following, broad categories:

e Geotechnical and Hydraulics

e Technical risks

e Financial Risks and Market Conditions

e Environmental and Health Issues

e Spatial Planning

e Political and Legal Issues (non-environmental)

e Organizational Aspects

e Hazards (Natural)

e Hazards (Man-made)

e Other.

Under each category, several examples of specific project
risks are presented for the various project phases of plan-
ning/designing, delivery phase (construction), and mainte-

nance/operation. Additionally, the Risk Catalogue includes
suggestions for risk mitigation.

The Risk Catalogue should be helpful to those working on the
identification of road project risks at any organizational level,
and during any project stage. Risk workshop facilitators, risk
managers, and project managers are likely to be interested
in using the tool.

This workgroup recommends that the risk catalogue be fur-
ther developed to improve the user-friendliness and conven-
ience, and expand on its elements so that road organizations
can better identify, analyze, and categorize project risks that

are essential but often overlooked in the interest in achieving
a sustainable development of road assets.

(PIARC Ref. : 2019R17EN, 2019,
https://www.piarc.org/en/order-library?publica-
tion=30967&so0l0)
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HAEKTPONIKA
NMEPIOAIKA

ISSMGE Bulletin

Volume 14, Issue 1
February 2020

www.issmge.org/filemanager/article/742/ISSMGE B
ULLETIN 2020 FEB.pdf

KukAho@opnoe 1o Volume 14, Issue 1 Tou ISSMGE Bulletin
(PeBpouapiou 2020) Pe Ta NAPAKATW NEPIEXOMEVA:

e Research highlights - Geotechnical Engineering group,
Kyoto University

e Message from Board-level committee: Corporate Associ-
ates Presidential Group (CAPG)

e TC corner — TC304/309/210: Machine Learning Dialogue
for geotechnics 2019TC corner — TC symposium on “Lat-
erites and lateritic soils”

e Conference reports
— GeoSt.John’s 2019, Canada

e ISSMGE Foundation reports

e Event Diary

o Corporate Associates

e Foundation Donors

o3

Geo-Trends Review
A Crowdsourcing Magazine for the Geotechnical Engi-
neering Community - Issue #10 - FEBRUARY 2020
www.mygeoworld.com/geotrends/issues/10-febru-

ary-2020

o3

International Geosynthetics Society

KukAho@opnoe To IGS Newsletter Tng International Geosyn-
thetics Society pe Ta napakdTtw nepiexopeva:

IGS NEWSLETTER - February 2020

Helping the world understand the appropriate value and use
of geosynthetics

https://www.geosyntheticssociety.org/wp-con-
tent/uploads/2020/02/1GS-Newsletter-February-
2020.pdf

¢ Make A Date In Your Diary With IGS READ MORE

e GeoAmericas 2020 Corporate Contest Deadline Extended!
READ MORE

e GeoAmericas 2020 Deadline Extended For Early-Bird Reg-
istration! READ MORE

e Changing Practice By Changing Education - IGS North
America Educates the Educators READ MORE

e Watch: Two For A Few With Dr. Dipanjan Basu And Ed-
oardo Zannoni READ MORE

e Annual Meeting Success For UK Chapter READ MORE
e Call for Candidates for IGS Council: Term 2020 to2024
READ MORE

e Calendar of Events
READ MORE AT GEOSYNTHETICSSOCIETY.ORG

GEOSYNTHETICS

https://www.icevirtuallibrary.com/toc/jgein/27/1

KukAopopnoe To Teuxog 1 Tou Topou 27 (deBpouapiou 2020)
Tou Geosynthetics International Tng International Geosyn-
thetics Society pe Ta napakdtw nepiexopeva:

Impact of temperature on the pullout of reinforcing geotex-
tiles from unsaturated silt, B. Ambriz, W. Mun, J. S. McCart-
ney, 27(1), pp. 1-15

Compaction behavior of nonwoven geotextile-reinforced clay,
M.-D. Nguyen, K.-H. Yang, W. M. Yalew, 27(1), pp. 16-33

GCL self-healing: fully penetrating hole/slit hydrated with RO
water and 10 mM Ca solution, T.-K. Li, R. K. Rowe, 27(1), pp.
34-47

Hydraulic compatibility of geotextile-compost systems in
landfill covers, S. C. Ryoo, A. H. Aydilek, 27(1), pp. 48-64

Modelling of geosynthetic-reinforced barriers under dynamic
impact of debris avalanche, S. Cuomo, S. Moretti, A.
D'Amico, L. Frigo, S. Aversa, 27(1), pp. 65-78

HDPE geogrid-residual soil interaction under monotonic and
cyclic pullout loading, F. B. Ferreira, C. S. Vieira, M. L.
Lopes, P. G. Ferreira, 27(1), pp. 79-96

Evaluation of effectiveness of geotextile in reducing subgrade
migration in rigid pavement, B. Kermani, S. M. Stoffels, M.
Xiao, 27(1), pp. 97-109
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Geolexliles
_ and
Geomembranes

KukAo@opnoe To Teuxog 1 Tou Topou 48 (PeBpouapiou 2020)
Tou Geotextiles and Geomembrabes Tng International Geo-
synthetics Society pye Ta napakaTw nNepiEXOUEVA:

https://www.sciencedirect.com/journal/geotextiles-
and-geomembranes/vol/48/issue/1

Editorial Board Page ii
Regular Articles

Response of pavement foundations incorporating both geo-
cells and expanded polystyrene (EPS) geofoam, S.M.A.
Ghotbi Siabil, S.N. Moghaddas Tafreshi, A.R. Dawson, Pages
1-23

Wind-induced uplift of exposed geomembrane covers: A pro-
posed revision to conventional design approaches, Chunling
Li, David Espinoza, Jeremy Morris, Pages 24-31

Predicting deformation of PVD improved deposit under vac-
uum and surcharge loads, Yitian Lu, Jinchun Chai, Wen-Qi
Ding, Pages 32-40

Viscoplastic modelling of HDPE geomembrane local stresses
and strains, H.M.G. Eldesouky, R.W.I. Brachman, Pages 41-

51

Pullout behavior of geocell reinforcement in cohesionless
soils, Adem Isik, Ayhan Gurbuz, Pages 71-81

Study on seismic stability and performance of reinforced soil

walls using shaking table tests, Peng Xu, Kianoosh Hatami,
Guanlu Jiang, Pages 82-97

Numerical evaluation of secondary reinforcement effect on
geosynthetic-reinforced retaining walls, Yan Jiang, Jie Han,
Robert L. Parsons, Pages 98-109

Geobag stability for riverbank erosion protection structures:
Physical model study, Angela Thompson, Knut Oberhage-
mann, Yuntong She, Pages 110-119

Technical Notes

Geosynthetic-reinforced pile-supported embankments with
caps in _a triangular pattern over soft clay, Guan-Bao Ye,
Meng Wang, Zhen Zhang, Jie Han, Chao Xu, Pages 52-61

Visualisation and gquantification of geogrid reinforcing effects
under strip footing loads using discrete element method, Zhi-
jie Wang, Felix Jacobs, Martin Ziegler, Guangqging Yang,
Pages 62-70

Centrifuge tests to investigate global performance of geosyn-
thetic-reinforced pile-supported embankments with side

slopes, Panpan Shen, Chao Xu, Jie Han, Pages 120-127

o3

LETTERS/IcoId newsletter-N%CZ%BOlS 2020.pdf

KukAho@popnoe 1o Newsletter Tng ICOLD, No. 18, February 2,
2020 pe Ta akoAouba nepiexopeva:

Editorial

ICOLD Feature
Successes and Failures of Energy Transitions
The results of the German Laboratory

“By 2023 at the latest, we will be running into a shortfall
in secure capacity”

From Costa Rica to Iceland, Hydropower countries are
showing the way

ICOLD News
Four questions to Devendra Kumar Sharma

AFRICA 2019 focuses on collaboration for water, energy
and food security

A Resounding Success for ICOLD Annual Meeting in Ot-
tawa

Main decisions taken during the General Assembly
15th ICOLD Benchmark Workshop
Board meetings in Porto and Denver

ICOLD Activities
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EKTEAEZTIKH ENITPONH EEEENM (2019 - 2022)

Mpoedpog : MixaAng MNAPAANHZ, Ap. MoAImikdg Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

A’ AvTinpogdpog  : Xpnotog TSATSANI®OS, Ap. MoAITIkog Mnxavikdg, MANTAIA SYMBOYAOI MHXANIKOI E.M.E.
editor@hssmge.gr, ctsatsanifos@pangaea.gr

B’ AvTinpoedpoC MixaAng MAXAKHZ, MoAITikdc Mnxavikog
mpax46@otenet.gr

levikog MpappaTtéag: MNwpyog MMEAOKAS, Ap. MoAITIkOG Mnxavikog, Enikoupog Kadnynthg TEI ABrvacg
gbelokas@teiath.gr, gbelokas@gmail.com

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

'Eqpopog : Fewpyloc FKAZETAS, Ap. MoAITIKOC Mnxavikog, OuoTigog KabnynTtng E.M.M.
gazetas@central.ntua.gr, gazetas50@gmail.com

MéEAR : Avdpeag ANATNQZTOMOYAOZ, Ap. MoAITIKOG Mnxavikog, OuoTinog Kadnyntig EMM
aanagn@central.ntua.gr

MNavayiwtng BETTAZ, MoAImikdg Mnxavikog, OMIANOS TEXNIKQN MEAETQN A.E.
otmate@otenet.gr

Mapiva MANTAZIAQY, Ap. MoAimikdg Mnxavikog, AvanAnpwTpia Kaényntpia E.M.M.
mpanta@central.ntua.gr

AvanAnpwparika
MéAn : XproTog STPATAKOZ, MoAimikdg Mnxavikog, NAMA A.E.
stratakos@namalab.gr

Bahia ZENAKH, Ap. MoAITikog Mnxavikog, EAAGOMHXANIKH A.E.
vxenaki@edafomichaniki.gr

EEEE'M

Topéag FeWTEXVIKNAG TnA. 210.7723434

ZXOAH NMOAITIKQN MHXANIKQN ToT. 210.7723428

EONIKOY METZOBIOY NOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,
MoAuTtexveloUNoAn Zowypapou geotech@central.ntua.gr

15780 ZQrPA®OY IortooeAida www.hssmge.org (und KaTaokeur)

«TA NEA THZ EEEEMM» Ekd06TNnG: Xpriotog Toataavigpog, TnA. 210.6929484, ToT. 210.6928137, nA-31. ctsatsanifos@pangaea.gr,
editor@hssmge.gr, info@pangaea.gr

«TA NEA THZ EEEEMM» «avapT®vTar» Kal oTnv 10TooeAida www.hssmge.gr
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