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Tov mepacpevo pnva n MpeoPeia Tov Hvwpevov BaaoiAeiov
Slopyavwoe oTnV ABNva ekSNAWON yia TNV TTAPOLCIACN ATTO
Tov Professor Sir Tim Wilson DL TnG ékBeong TToL CLVETAEE, LTTO
TNV KAB0&rynon Tov, opdda epyaciag OXETIKA UE TNV CLVEP-
yaoia emXEIPNOEWY PE TA TTAVETTIOTAUIAO OTO Hvwpévo Baoi-
A€I0. LTOV TIPOAOYO TNG £KBECONG AVAPEQOVTAL:

The economic and social prosperity of the UK depends upon
a healthy knowledge-based economy. In our globally com-
petitive economic environment, never before has there
been a greater need for a talented, enterprising workforce,
for constant innovation in product and service develop-
ment, for a thriving culture of entrepreneurship, for dynamic
leading-edge scientific and technological development
and for world-class research that attracts investment. In col-
laboration with business, and with the support of govern-
ment, the UK university sector has the capability to fulfil Lord
Dearing’s vision: to be the source of strength in the UK’s
knowledge based economy of the twenty first century.

Universities are an integral part of the skills and innovation
supply chain to business. However, this supply chain is not a
simple linear supplier-purchaser transaction; it is not the ac-
quisition of a single product or service. This supply chain is
multi-dimensional, it has to be sustainable and it has to have
quality, strength and resilience. These attributes can only be
secured through close collaboration, partnership and under-
standing between business and universities.
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oia Tng ouvepyaociag Twv MavenioTnuiwv Pe TIG EniXeipnoeig
anodaioe TNV &vapén Wiag osipag dpdcswv nou Oa oupPa-
Aouv oTnv BeATIWON TNG NANPOPOPNONG TWV EMIXEIPAOEWYV
yia TIG dpacTnpIOTNTEG TWV MAVENOTNUIWY, KAB®G Kal Twv
NavenioTNIOV yia TIC dpacTnpIOTATEG TWV EMIXEIPAOEWY TOU
TOHEQ TWV TEXVIK®OV £PYWV. MeTA&U Twv SpACEWV AUTWV E&i-
vat:

i. ©¢onion €Tioiou BpaBeiou yia TNV kKaAUuTepn AINAwPATI-
k) Epyacia E@apuoopévou Evdia@épovTog.

ii. ©fomion BpaPBeiou ava TeTpasTia yia To KaAutepo I-
oTopikO MepioTaTikd (Case Study) KatdAAnho yia Aida-
oKaAia.

iii. ©@éonion eTACIOU BpaBeiou yia TNV EKNPOC®NNON TNG
EEEEIM oto European 1 oto International Young Geo-
technical Engineer Conference (EYGEC 3 IYGEC).

iv. AlcEaywyn diaAé€ewv napouciaong 1I31aITéEpou evdiaQe-
POVTOG YEWTEXVIKWV €pywV, KABwG kai OlaAégewv na-
pouCIaoNG EPEUVNTIKWV OpacTnpIOTATWV TWV TOUEWV
YEWHNXAVIKNAG TWV MNOAUTEXVEIWV KAl MOAUTEXVIK®OV OXO-
AV TNG XWPAgc.

V. AIGAEEEIG evnuEPWONG onoudaoT®V — (POITNTWV MOAUTE-
XVEIWV KAl MOAUTEXVIK®V OYXOAWV OTO AVTIKEIMEVO TNG
SOUAEIAC ToU YEWHNXaVvikou.

vi. Alopyavwon «Huépag =tadiodpopiac», onou Ba diveral n
€uKkalpia gg TEAEIOPOITOUG ONMOUDACTEG — QOITNTEG TWV
NOAUTEXVEIWV Kal MOAUTEXVIKOV OXOA®V Vva ouvavTh-
OOUV EKMPOOMIMNOUG YPAPEIWY HEAETWV KAl KATACKEUA-
OTIK®V ETAIPEINV TOU KAGdoU, aAAd kal dnuociwv Pope-
WV nou acyoAouvTal We dpaaTnpidTNTA OTNV YEWHNXAVI-
Kn.

vii. Anpooisuon ora NEA THX EEEEMM nepIAqpewv npoo®a-

TV AIBAKTOPIKWV AIaTPIBWV.

viii.Anpooieuon ota NEA THX EEEEIMM, oTo Teuxog Tou la-
vouapiou kaBe xpovou apxng yevouevng anod Tov Iavou-
apio 2014, katahdyou Twv AISAKTOPIKOV AIATPIKWV KAl
TV AIMA®WPATIKOV Kal Merantuxiak®v Epyaciov Twv
Topéwv MewpNnXavikng Twv MoAuTtexveiwv kal MoAuTexvi-
KOV ZXOAMV TNG XWPAg, nou eknovhdnkav Tnv npon-
yoUMEVN XPoVId, JE NAPAnounr oTIC IGTOOEAIDEG TwV To-
HEWV YIa Ta NANPN KEIPHEVA TWV EPYATIOV.

iX. AIGAEEEIG evnuEpwang aTedexwv dnuoaiag dioiknong, 151-
aiTepa TNG NEPIPEPEIAG, O BEPATA YEWNNXAVIKNG (€pEu-
VEG, MEAETEC, KATAOKEUEG).

X. Hpepideg - €onepideg evnUEPWONG PNXAVIKWV OTNV €P-
appoyr Tou Eupwkwdika 7 Kal TV OXETIKOV apbpwv
Tou Eupwk®wdika 8 pe avaAuTika napadeiypara.

MioTeUoupde OTI PE TIG OPATEIC auTEG Ba BeATIWON n aAAnAe-
nidpacn NAavenioTnUiwv Kal €MIXEIPAOEWV NPOG KOIVO WQE-
AoG auTwv aAAa kal TnG paoTifOuevnG EAANVIKAG OIKoVouiag.

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

>TiIc 18 SenteuBpiou 012 orn BoudanéoTn kalr ota nAaioia
TWV ekdNAWOewV Tou 1st East European Tunnelling Confe-
rence 2012, n EAAnvIkA Emitponn Enpdyywv kal Ynoysiwv
‘Epywv (EEZYE) unéBale unown@iotnta yia Tn diopydvwaon
Tou 2nd East European Tunnelling Conference 2014 (EETC
2014). To cwpa TWV avTinpoownwyv Twv EOvikwv EniTponwv
TnG International Tunnelling and Underground Space Asso-
ciation (ITA) Twv Xwpwv TNG AvatoAikng Eupwnng, napou-
oia Tou npwTou avTinpoédpou Tng ITA k. Markus Thewes kal
TOU ekTEAEOTIKOU AleuBuvTr k. Olivie Vion avéBeoe opopwva
Tn diopyavwon otnv EEXZYE kai otnv ABrva. O1 XWpeg nou
OUMHETEXOUV 0TV diopydvwaon Kdal OTIC OMNoieg KUpiwg, aAAd
Ox! anokAeloTIka, ansuBlveral sival: EAAGda, Kunpog, To-
upkia, AABavia, FYROM, BouAyapia, Poupavia, ZepBia, Ma-
upoBouvio, Boovia, KpoaTia, SAoBevia, Ouyyapia, ZAoBakia,
Toexia, [MMoAwvia, Aeukopwoia, Oukpavia, Pwoia, &-
VO EMIDIOKETAlI N CUPHPETOXN KAl TWV UMOAoINwv BaATikwv
XWPWV, iowg 8 kal Tou IopanA.

Ol NUEPONIVIEG NOU KaTapxnVv cuppwvhdnkav yia tn diopyd-
vwon eivalr 30-9-2014 yia Tig npddpopeg ekdnAwoelg, 1 kai
2-10-2014 vyia TIC gpyaciec Tou ouvedpiou kal 3-10-2014
TEXVIKN eniokewn. To kevTpikd Bépa Tou ouvedpiou kal n
€101kOTEPN NPOCEYYIGH Tou, ONWG NpoTadnke and Tnv EESYE
givar:

“Tunnelling in a Challenging Environment. Conditions
for the execution of underground projects are becoming
Increasingly demanding as new challenges are emerging in
every aspect and sector of this multidisciplinary and multi-
farious business. Geological, geotechnical, structural, oper-
ational challenges, that are well known and unavoidable in
the tunnelling industry, are now accompanied by greater
ones, namely those of a stretched business and financial
environment, which require the deployment of even more
intelligent and effective tools and solutions".

Skonog Tng EESYE pe Tn diopydvwaon Tou cuvedpiou €ival va
undp&el pIa NepaITEPW €ukaipia yia npoBoAn TnNG yvmong Kal
€UNEIpiag nou napaxdnke kal owpeUTNKE OTh XWPa, va a-
vanTU&el TIG OXE0EIG ouvEPYaaiag e TIG AAAeg EBvIkEG EniT-
POMEC TWV XWPWV AUTAG TNG YEWYPAPIKAG EVOTNTAG KAl va
doBei n eukaipia dnuioupyiag evog BAHUATOG EMIOTNHOVIKNG
aAAG Kal nIXEIpNUATIKAG KaTaypagnc Kal guvepyaoiag atnv
AvaToAikr) Eupwnn.

SUvTopa Ba yVwOTOMOINCOUKE TIG AENTOUEPEIEG MOU APOPO-
Uv Ta €181kOTEPA BEPaTa TnG dlopyavwong.

ravvng Mnakoyiavvng, Nposdpog EESYE

H EEEEIMM elUxeral otnv EESZYE kaBe snituxia otnv dlopya-
vwon Tou cuvedpiou, Tnv onoia Ba oTnpi&n NARpPwC.
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APOPA

Ta napakdtw OUo apBpa anoTeAolV TNV GUHHETOXA TWV
eknpoownwyv Tng EEEEMM oTo 22° Eupwnaikd Zuvedplo Né-
wv FewTexvikwv Mnxavik®v (22EYGEC), nou d1e€nx6n ano
TIG 26 £€wG TIG 29 AuyouaTou oTo Gothenburg Tng Zoundiag.

Seismic Performance of Caisson Supported
Structures
A. Zafeirakos
National Technical University of Athens, Greece

ABSTRACT

A numerical study of a 3D nonlinear soil-foundation-struc-
ture system is performed under the prism of a new "capac-
ity design" principle, in which soil "failure" mechanisms are
deliberately mobilized to protect the superstructure. For
caisson supported sys-tems this involves material and
geometric nonlinearities such as soil inelasticity, separation
(gapping) between the caisson and the soil, slippage at the
soil-caisson interface, base uplifting, and perhaps even loss
of soil strength (e.g. due to development of excess pore
water pressures). To investigate the effectiveness of such
an approach, simple structures of varying deck mass, simu-
lating heavily or lightly loaded structures founded through
similar rigid cubic caissons on a 2-layer soil stratum are
used as ex-amples. Two alternatives are compared: one
complying with conventional capacity design, with over-
designed foundation so that the soil is marginally plastified
(the plastic hinge on the column); the second design fol-
lows the new approach in which the foundation is under-
designed, thereby "inviting" the plastic “hinge” below
ground surface. The comparison is performed through In-
cremental Dynamic Analysis (IDA), where the alternatives
are subjected to several ground motion records, each
scaled to mul-tiple levels of intensity. IDA curves are pro-
duced for a variety of intensity and damage parameters
describing both the maximum and the residual response of
the system. The results emphasize the beneficial role of
foundation nonlinearities on reducing the seismic demands
of the superstructure.

Keywords: Caisson foundations, Dynamic soil-structure
interaction, Soil and interface nonlinearities, Incremental
Dynamic Analysis (IDA), Engineering Demand Parameters
(EDP)

1 INTRODUCTION

The seismic design of structures is based on capacity design
approaches, where the structural response is presumed
ductile. The concept of ductility design for foundation ele-
ments is still new in earthquake engineering practice. In es-
sence, the capacity design methodology explicitly considers
the problem of determining the failure mechanism of struc-
tural members and ensures that regions of inelastic defor-
mation are carefully detailed to provide adequate structural
ductility, without transforming the structure into a mecha-
nism. Elastic response of the foundation is usually ensured
by increasing the structural strength of the foundation so
that plastic hinging occurs in the superstructure instead of
the foundation. The possibility of soil yielding, denoting the
non-linear inelastic soil response without necessarily result-
ing in bearing-capacity failure, is forbidden in existing regu-
lations, codes and specifications. In simple geotechnical
terms, the designer must ensure that the foundation sys-
tem will not even reach a number of “thresholds” that
would conventionally imply failure. For the case of deep
caisson foundations, this indicates that passive and shear

failure along the sides and the base is prohibited, introduc-
ing appropriate “overstrength” factors plus factors of safety
larger than 1 against each “failure” mode, as in static de-
sign. Although such a restriction may, at first, appear rea-
sonable (the inspection and rehabilitation of foundation da-
mage after a strong earthquake is not a trivial task), it may
lead to wnconservative oversimplifications, especially in
strong earthquake loading where geometric non-linearities
and soil inelasticity are usually unavoidable (separation
(gapping) between the caisson shaft and the soil, slippage
at the soil-caisson shaft interface, base uplifting). There-
fore neglecting such phenomena prohibits the exploitation
of strongly non-linear energy dissipating mechanisms in de-
fense of the superstructure in case of occurrence of ground
motions larger than design. In fact, recent research on sur-
face foundations suggests that soil compliance and subse-
quent soil-foundation plastic yielding may be beneficial,
and should be considered in the analysis and perhaps al-
lowed in the design [e.g. 2, 3, 4].

In this framework, the present study aims to investigate
the effectiveness of the new capacity design (compared to
conventional capacity de-sign) of caisson supported struc-
tures, through 3-D Incremental Dynamic Analysis (7). IDA
is a powerful tool to assess the global and local ca-pacity of
structures, by subjecting the soil-structural model to sev-
eral ground motion records, each scaled to multiple levels
of intensity, providing thus useful inputs for applications of
performance-based evaluation. The comparison is per-
formed between structures founded on similar caissons,
while varying the mass and the height of the superstruc-
ture. In total, the response of four (4) idealized configure-
tions is studied: (a) two corresponding to a conventionally
and an un-conventionally designed foundation resulting
from a "heavy" superstructure (safety factor for static load-
ing FSy = 2.5), and (b) two corresponding to a convention-
ally and an un-conventionally designed caisson resulting
from a "light" superstructure (safety factor for static loading
FSy = 5).

2 PROBLEM DEFINITION AND ANALYSIS METHODOLOGY
2.1 Problem definition

The studied problem is portrayed in Figure 1: A mass-and-
column structure is founded through a rigid cubic caisson of
side h = 10 m in @ 20 m thick 2-layer cohesive soil stratum.

concentrated mass element
@) m=5400Mg, F5,=2.5
b) m=2700Mg, F5,=5

[ ]

superstructure
a) Hy=46m, Hy=12m (FS,=5)
b) Hy=18m, H,=15m (FS,=2.5)

6m
(Su = 65 kPa)

1l4m
[Su =130 kPa)

Figure 1. Overview of the 3D Finite Element model used in
the analysis.

The soil is considered to be undrained with S, = 65 kPa at
the upper 6 m and S, = 130 kPa at the lower 14 m. The
mass-and-column superstructures are modeled as SDOF
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oscillators. The mass of the deck, m, is given parametrically
the values of 5400 and 2700 Mg, corresponding to a static
fac-tor of safety FSy = 2.5 ("heavy" superstructure) and FSy
= 5 ("light" superstructure) respectively. The alternative
design approaches, conventional and un-conventional for
each case of FSy, are represented by two different column
heights. In total, a set of four structural configurations are
analysed.

The height of the superstructure is calculated from static
pushover analysis, so that it deliberately matches a "target"
critical (yielding) acceleration (a.r) associated with bearing
capacity of the foundation. Structural yielding is then either
prevented (un-conventional design) or pursued (conven-
tional design) by designing the super-structure for a critical
acceleration ratio (acs/ acstr) < 1 or (acs / acstr) >1 respec-
tively, where ac« is the critical-at yield—spectral ac-
celeration of the superstructure. Since the superstructure is
modeled as SDOF oscillator, the horizontal force at the top
of the caisson is related to the overturning moment at fail-
ure according to: M = m - acer * H.

To compare the seismic performance of the two alternative
design schemes on a 'fair' basis, the critical acceleration
ratio, rmax, defined as:

max{a_, a
min{a,, a_, (1)

card
}

max

is kept constant for all cases considered, and deliberately
set equal to 2.67. Assuming a.s = 0.3 g for the un-
conventional design, condition (1) leads to a, &« = 0.8 g.
Likewise, assuming a.s = 0.8 g for the conventional design,
condition (1) leads to ac, s+ = 0.3 g. The four model configu-
rations are summarized in Table 1.

2.2 Numerical and constitutive modeling

The problem is analysed with the use of the finite element
code ABAQUS. Both caisson and soil are modeled with 3D
8-noded solid elements, assuming elastic behavior for the
former and nonlinear for the latter. The superstructure is
modeled with 3D nonlinear Timoshenko beam elements.
The caisson is connected to the soil with special contact
surfaces, allowing for realistic simulation of the possible
detachment and sliding at the soil-caisson interfaces. The
soil stratum reaches 10 m deeper than the caisson base,
thus having a negligible influence on the response. To en-
sure uniform stress distribution at the head of the caisson,
the nodes of the associated elements are tied through ap-
propriate kinematic constrains. For the total stress analysis
under undrained conditions, soil behavior is modeled
through a nonlinear constitutive model (5) which is a slight
modification of a model incorporated incorporated in ABA-
QUS. It uses the Von Mises failure criterion with yield stress
oy related to the undrained shear strength S, as

c,= V38, 2)

along with a nonlinear kinematic and isotropic hardening
law, and an associative plastic flow rule. The model pa-
rameters are calibrated to fit published G—y curves of the
literature. Rayleigh damping, representing material damp-
ing, is taken equal to 5% between the eigenfrequency of
the soil deposit and the dominant frequency of the earth-
quake ground motion. Appropriate kinematic constraints
are imposed to the lateral edges of the model, allowing it to
move as the free—field (6).

The nonlinear behavior of the superstructures is described
by a simple hyperbolic backbone curve in moment
(M)—curvature (k) space, defined as:

2fets
El (M, -M 3)

where EI the initial structural bending stiffness, calculated
from the geometric characteristics of each cross section and
the elastic properties of the reinforced concrete, and M, the
ultimate strength associated with the critical acceleration
(ac, str)-

Table 1. Summary of the model configurations used in the

analyses
m H ac ; critical specmal Ciasign
(Mg {m} acceleration paradizm
03g (foundation) under-
madal 1 2700 45 0.8z (supeTstmaciure) designad
fourdation
0.8z (foundation) over-
madal 7 2700 12 0.3g (superstruchure) designad
foucdatica
03g (foundation) under-
dal 3 5400 18 0.8 g {supsrstmcture) desigmad
= ! fourdation
0.8g (foundation) OVET-
madal 4 5400 L5 0.3 g (superstmaciure) designad
fourdation

3 INCREMENTAL DYNAMIC ANALYSIS

Incremental Dynamic Analysis (IDA) is a powerful analysis
method that offers thorough seismic demand and capacity
prediction capabil-ity [7]. It involves a series of nonlinear
dynamic analyses time-history analyses under suitable scal-
ing, aiming at covering the entire range of re-sponse, from
elasticity to collapse, selecting proper Engineering Demand
Parameters (EDPs) to characterize the structural response
and an In-tensity Measure (IM) to represent the seismic in-
tensity. The output of an IDA is an IDA curve, i.e. a plot of
a selected IM versus a selected EDP. Similarly, an IDA
curve set is a collection of IDA curves of the same struc-
tural model under different records that have been param-
eterized on the same IM.

3.1 Intensity measure and Earthquake Demand Parameters

Different options are available for the IM to be used in the
IDA curves. In this paper, however, a single IM is used, and
in particular the PGA calculated at the free-field (top of soil
profile). Though the PGA is not the most representative IM,
it is preferred among others due to the inherent difficulty in
determining a priori the IM at the surface for a given input
acceleration time history. Without any doubt, the PGA is the
most suitable IM to be approximately estimated through 1-
D deconvolution analysis.

Selecting an EDP is application-specific. In this paper two
EDPs are considered, which are known to relate well to
structural performance and global dynamic instability:

e The maximum ductility demand of the soil-caisson-
structure system: max{ps}, defined as the ratio of the
maximum dis-placement of the system umax, imposed by
an earthquake, to the yield displacement u,, which is a
soil-caisson-structure system property:

umass _ [U Iit‘:;u(ctme base +0- H]

max

Hs =
Hy 4)

where 6 is the caisson rotation and H the structure
height. The yield displacement uy, is assessed through
static push-over analyses of the alternatives, according to
the N2 method of Eurocode 8 [1].

e The maximum caisson rotation, 6.x.
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3.2 Record suite

An ensemble of 10 records has been chosen as base excita-
tion. The selected records, presented in Figure 2, cover a
wide range of seismic motions, ranging from medium inten-
sity (e.g. Kalamata, Aegion) to relatively stronger (e.g.
Lefkada-2003, Imperial Valley), and to very strong accel-
erograms characterized by forward-rupture directivity ef-
fects, or large number of significant cycles, or fling-step
effects (e.g. Takatori, JMA, TCU).
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Figure 2. Real earthquake records used for analysis of the
design alternatives, along with their elastic spectra.

In this work, the seismic records are appropriately scaled
so that 5 ascending target PGA values of free-field motion,
namely 0.1 g, 0.2 g, 0.3 g, 0.4 g and 0.6 g, are calculated
at the top of the soil profile through 1-D deconvolution
analysis. Obviously, since IDA involves nonlinear wave
propagation, the actual computed PGA from each scaled
record will differ from the targeted one. The reason for ex-
amining PGA values smaller than 0.6 g lies in the shear
strength of the soil. Stronger signals would produce intense
soil yielding which, in turn, would either significantly at-
tenuate the transmitted seismic waves or even leading to
bearing capacity failure.

4 ANALYSIS RESULTS AND DISCUSSION

The comparison of the performance of the de-sign alterna-
tives through the IDA curves gener-ated from the analysis
results is presented in Figures 3 — 5 for the two most rep-
resentative cases: model 1, lightly loaded under-designed
founda-tion and model/ 4, heavily loaded over-designed
foundation. The IDA curves for the systems’ maximum dis-
placement ductility demand (u), as-sociated with structural
distress, are portrayed in Figure 3. Undoubtedly, the most
advantageous design alternative concerning structural de-
mand is the under-designed lightly loaded model 1, ex-
hibiting ductility demands p < 0.45 for most of the seismic
motions, while the heavily loaded over-designed model 4
exhibits y = 3.0: a clear evidence of beneficial effect from
mobilizing substantial geometric nonlinearities.

Figure 4 presents the IDA curves for maxi-mum caisson
rotation, 6@max. The performance of the two alternative
design schemes does not seem to deviate from any rational

intuitive ex-pectation: the under-designed system demon-
strates substantially larger rotations than the over-designed
counterpart, as a result of the in-tense caisson-soil inter-
face separation and gap-ping. Notice the tremendous de-
mand imposed by the large velocity pulse (2.6 m/s) of huge
dura-tion (6.3 s) of the TCU-068 record on the under-
designed alternative, causing global instability and system
failure of the lightly loaded model 1 at PGA = 7 m/s2. Nev-
ertheless, it is remarkable that with the exception of the
performance under the TCU record at high PGA levels,
these alter-native can avoid collapse sustaining rather
toler-able rotations and displacements. Furthermore, it
should be stated at this point that in the conven-tional de-
sign the developed drift is mainly due to flexural distortion,
leading to a subsequent in-crease in structural distress,
whereas in the un-conventional design the drift is mainly
due to foundation rotation, causing less seismic loading to
the superstructure.

To elaborate on the results from IDA, Figure 5 illustrates
the comparison in terms of contours of plastic shear strain
magnitude in the soil at the end of the shaking, for the case
of JMA-000, scaled at free-field PGA = 0.4 g. Observe the
extended soil plastification (material nonlinearities) domi-
nating the response of the convention-ally designed model
4. In stark contrast, the un-conventionally designed mode/
1 suffers rather extended “plastic hinging” in the form of
mobili-zation of passive-type soil failure in front and back
of the caisson accompanied by gap formation and sliding in
the sides and base (geometric nonlinearities).
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7.0 q
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5.0 1

|

401 M
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4] 1 2 3 4
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———
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204 a,;=08¢g
10 H=15m
structural yielding
0.0 , . . :
0 1 2 3 4
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Figure 3. IDA curves of EDP: y (maximum ductility) for
model 1 and model 4.

The stress—strain response of the soil for the two represen-
tative cases (model 1, lightly loaded under-designed foun-
dation and model 4, heavily loaded over-designed founda-
tion) is illustrated in Figure 6, in terms of shear
stress—strain loops calculated at the caisson—soil interface
near the surface.
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Figure 4. IDA curves of EDP: 6,,.x (maximum caisson rota-
tion) for model 1 and model 4.
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FS,=5

a,=03g

H=46m

under-designed foundation

model 4

FS,=2.5

a,,=08g

H=15m

over-designed foundation

Figure 5. Contours of plastic shear strain magnitude in the

soil (PEMAG) at the end of shaking for model/ 1 and model

4. Record: JMA-000, scaled at free-field PGA = 0.4 g (de-
formation scale factor = 20).

The larger shear strains computed in model 1 reflect the
mobilization of extensive geometric nonlinearities (gapping
between the caisson and the surrounding soil) as compared
to the strong material nonlinearities developed in the soil
by the heavily loaded model 4. Observe that the ultimate
shear strength does not exceed the undrained shear
strength (S, = 65 kPa) in both cases.

model 1

FS, =5
H=46m

Shear stress : t (kPa)

0.00 0.01 0.0z 0.03 004 000 0.0l ooz 0.03 0.04
Shear strain : y Shear strain : y

Figure 6. Shear stress-strain loops calculated at the cais-

son-soil interface near the surface, for the heavily loaded

model 4 and the lightly loaded mode/ 1. Record: JMA-000,
scaled at free-field PGA = 0.4 g.

5 CONCLUSIONS

The present study is the first attempt to explore the nonlin-
ear soil-foundation-structure interaction (SFSI) effects dur-
ing the earthquake loading of caisson foundations. Within
this framework, the efficacy of the capacity design "phi-
losophies", the conventional (without allowing for nonlinear
SFSI effects) and the wunconventional (allowing for SFSI
effects), in reducing the seismic structural demand of the
supported structures was compared. SDOF structures of
varying deck mass, simulating heavily or lightly loaded
structures founded through similar rigid cubic caissons on a
2-layer soil stratum are used as examples. The investiga-
tion is performed considering soil and structural inelasticity
through 3D finite element incremental dynamic analysis
(IDA).

From the numerical results, it was observed that the re-
sponse of "heavy" structures is deter-mined by excessive
material (soil) inelasticity, whereas intense caisson—soil
interface separation and gapping prevails in the response of
"light" structures. Furthermore, the results highlight the
effectiveness of interface nonlinearities in dissi-pating the
seismic energy and the favorable per-formance of the un-
der-designed founda-tion—structure systems with high
static safety factor compared to the conventionally de-
signed heavy structures in both static and dynamic terms,
providing a low-cost solution with high seismic isolation
potential.
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Investigation of long-term creep deformations
on soil strength
A. Kalos
National Technical University of Athens, Greece

ABSTRACT

Clays under high shear stress levels can exhibit significant
loss of long-term shear strength which can even cause de-
layed creep induced failure. While volumetric creep (often
called secondary compression) tends to increase the shear
strength, deviatoric creep has deleterious effects on shear
strength which often prevail in the overall soil behaviour.
The paper presents an incremental elastoplastic-viscoplastic
constitutive model based on the overstress theory for natu-
ral clays possessing structure. The model combines struc-
ture/strength degradation due to plastic shear strains and
strength envelope degradation due to creep shear strains.
The elastoplastic-viscoplastic constitutive model incorpo-
rates a Structure Strength Envelope along with an Intrinsic
Compressibility Framework, to account for structural degra-
dation associated with plastic strain evolution. On the other
hand, strength envelope degradation is realized through the
evolution of the inclination of the critical state line in
strength space to a residual state. Model predictions tested
in triaxial shearing mode reveals that the model can predict
tertiary creep behaviour, i.e., long-term creep-induced fail-
ure under high shear stress levels. The model is imple-
mented in the commercial F.E. Code ABAQUS and used in
the bearing capacity of surface foundations.

Keywords: constitutive relations, elastoplasticity-viscopla-
sticity, tertiary creep, soil structure, strength degradation,
clays, finite elements

1 INTRODUCTION

The mechanical behaviour of clayey soils is inhibited by the
rate of deformation either induced or imposed [1]. In land-
slides, pile penetration and offshore foundation wave load-
ing the rate governs the overall mechanical behaviour asso-
ciated with strength and deformation characteristics. Con-
stitutive relations have been widely employed to represent
the viscoplastic characteristics associated with creep. The
elastoviscoplastic constitutive models are based on (1) the
overstress theory [2, 3], (2) the non-stationary flow surface
theory [4, 5] and (3) other general time dependent formu-
lations that elude the purpose of this paper [6].

The focal point of the present paper is the development and
application of a generalized time-dependent constitutive
model for cohesive soils able to predict the rheological
transformations undertaken during tertiary creep. The
model is founded on the concept of bounding surface plas-
ticity, in the generalized stress space, and the critical state
soil mechanics principles implemented within the frame-
work of a generalized creep theory. The general overstress
theory employed is not limited to boundary and loading
conditions, inherently associated with rheological models,
but can describe all possible stress paths and boundary
conditions.

2 CREEP CHARACTERISTICS

Creep is a term employed to account for the time evolving
deformations under constant loading conditions i.e. in oe-
dometer or triaxial tests. The modes of creep however, ac-
tivated in the two experiments are entirely different. In the
oedometer tests the volumetric deformation measured is
the keystone leading to a decrease in void ratio and in-
crease of soil strength (Figl). On the other hand,
undrained triaxial specimens imposed to relatively high
stress levels tend to fail in tertiary creep portrayed in Fig2.
It is evident that in the triaxial tests the deviatoric term of
creep reveals its deleterious effect on the overall mechani-
cal behaviour.

In(t)

End of primary
/ consolidation
(EOP)

Time at the end of
e primary consolidation (a)

Figure 1. Definition of the secondary compression coeffi-
cient w for an oedometer test.

creep
—_ failure .
L2 primary +
£ ¢ secondary
© -
s +tertiary
7

primary +

o
B secondary

G, primary

(b)
Time (t)

0,<03<0

Figure 2. Definition of creep stages for triaxial creep tests
at different stress levels.

The general creep theory based on overstress needs to ac-
count for instantaneous alterations of the volumetric and
deviatoric creep components of strain. Thus, the overstress
formulation employed herein has undertaken modification
to allow for simultaneous evolution of both components.

The standard logarithm creep rate was selected for the pre-
diction of the volumetric creep component while the Singh
& Mitchell expression [7] was employed to express the evo-
lution of the deviatoric creep strain rate.

The elastoplasticity-viscoplasticity theory however, requires
the incremental form of the rate formulated in terms of
stress and strain rather than stress and time. Since, all
mechanical parameters already defined in conventional
elastoplasticity are described fully by the state of stress and
strain characteristics it stands to reasoning that the time-
dependent formulations should be defined in similar trend.
The volumetric can be expressed as follows:

#=—F —exp (=), £,
(1+e)s, ur )

1)
m=
i B
E;=
1- I >-F
[1+[B ml&" ~e
)

The secondary compression coefficient w, void ratio e and
reference time t, are employed in the expression above. In
the definition of the deviatoric creep strain rate above the

= q
shear stress level D = — is employed in the formation of

Q:
another quantity B = 2A-Sinh(§5). Where A .&,D,m

are the Singh-Mitchell coefficients.
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Although the volumetric portion of creep is evident even in
the elastic region, the deviatoric component takes place
only at the plastic state. Thus, the viscous nucleus in the
case of volumetric creep coincides with the isotropic axis,
since the envelopes employed are oriented along the octa-
hedral axis (Fig3). Conversely, the viscous nucleus associ-
ated with the deviatoric component of creep is identical to
the structure strength envelope (SSE).

s Short-term Long-term
cSL
ca
o
ca
* e —eg—— Tl l
—a ——a — —“—,_£— e
a a

Figure 3. Characteristic surfaces of the proposed model.

In order for expressions (1) and (2) to be employed in the
elastoplasticity-viscoplasticity the creep strain rate compo-
nents need to be redefined in the generalized stress space.

3 THE PROPOSED MODEL

In this section, the author shall attempt to elaborate on the
bounding two-surface elastoplasticviscoelastoplastic formu-
lation which incorporates the Critical State concepts into the
Structured Soils behavioural framework (Fig3). Assuming

that the infinitesimal strain increments d& can be decom-
posed in an elastic de&® and an inelastic portion dei, con-

sisted of the plastic d&” and rheological components:

AE=de" +de =dg" +de" + & . 4r 3)

3.1 Characteristic Surfaces

The proposed model adopts the Structure Strength Enve-
lope (SSE) and one reference surface corresponding to the
Intrinsic Strength Envelope (ISE) [8, 9]. The ISE corre-
sponds to the intrinsic soil properties denoted with a star
symbol:

F*=Ls*:s*+(0'*—a*)2—(05*)2 (4

The size of the SSE denoted a is characteristic of the mag-
nitude of the soil structure and is described by an isotropic
hardening rule. The SSE's mathematical formulation is de-
scribed below:

1
F:C—zs:s+(0'—a)2—az2 (5)

where the stress tensor has been decomposed in the iso-
tropic component denoted o = p and the stress tensor de-
viator s . In this version of the model the Plastic Yield Enve-
lope is assumed to coincide with the SSE.

In the general case an incrementally linear non-associative
flow rule is employed for the computation of the plastic
strains [8, 9].

3.2 Isotropic Hardening
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An isotropic hardening rule has been employed in the con-
stitutive mathematical formulation as to control the size of
the SSE:

de’ =(dA)-P & (dA):ﬁ-(Q:da) (6)

Thus, the size of the SSE is inextricably associated to the
intrinsic characteristic surface ISE. It is evident that in the
expression above there is no component for the volumetric
component due to structure/strength degradation. The
measured value of secondary compression coefficient com-
prises the net effect of the structure/strength degradation,
due to volumetric plastic strain, and volumetric creep. In
other words, the effect of volumetric plastic strain on the
degradation of the SSE has already been incorporated in
the definition of the volumetric creep component.

The parameter Ahp employed is associated to the deviatoric

creep strain modulus as follows:
qu = .{qp ~exp(—77qp -gqp ) + qu (7)

The constants £7,77,6; comprise the parameters associ-

ated to the destructuring process [8, 9]. Aiming to capture
the rheological transformations undertaken in the tertiary
creep process we initially attempted to capture the delayed
failure through structure/strength degradation. However,
keeping in mind that the deviatoric component of creep
accumulates only once the plastic state has been achieved
and the volumetric component continuously increases the
size of the SSE it stands to reasoning that the state of
stress returns to the elastic region with evolving time.

In order to resolve the aforementioned issue and ultimately
capture the failure in tertiary creep we employed the incli-
nation of the critical state line (CSL) is the stress space
denoted c in expression (5) as a hardening variable. The
inclination of the CSL is representative of rapid rates of
induced strain. On the other hand, ageing is a rheological
phenomenon evolving through time. In this end, the need
to employ a limiting value of the CSL for quasi-static load-
ing c.. Incrementally the rate of inclination of the CSL tran-
sitioning from rapid to long-term loading conditions can be
defined as:

é=—(c—c_)a-&
I:‘ l.'J'] ? (8)

Instead of the creep strain to produce plastic stress we here
state that considerable plastic deformation needs to take
place for the soil to fail in tertiary creep. This can be justi-
fied by the fact that deviatoric creep strain can only be ac-
cumulated once the plastic state has been achieved. Pa-
rametear controls the tempo at which failure in tertiary
creep is attained. Assuming that creep experimental data
leading to tertiary failure are available parametear can be
calibrated via trial and error analyses.

4 FINITE ELEMENT RESULTS

In this section, results will be presented on triaxial drained
specimens along with a bearing capacity problem of a 2m
wide footing. Since creep is a time dependent phenomenon
revealing its deleterious effects on shear strength after the
consolidation equilibrium has been attained, it stands to
reasoning that the results to be presented here below
should assume drained rather than undrained boundary
conditions.

4.1 Triaxial Test Results

In Fig4 the effect of structure is evident on shear strength.
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Regardless that the overall behaviour might portray signifi- On the other hand, if the stress point lays underneath the

cant alterations from the elasoplastic response predicted by threshold of the short-term CSL (Fig7) the specimen will
the Modified Cam-Clay (MCC) the specimen tends to fail at not fail.
the same level of shear stress.
1200 5
1800 o
1600 1 T o 1000 ceeoeene
coece qu=0wocreep
1400 A
” ceves MCF?_O E 800 1 ¢ gP =75 wo creep
= 1200 Gq" =0 wo creep 3 g 4 (P=0&az0
£ 1000 $qP =75 wo creep o 600 A |e ° v CqP=7582a=0
= B 1 — — _
P | g | CYYYYS qu =0&a=15
© 800 |os o 402 o © N\ — (Pr58a15
— 1 - ‘_Ua
d E
b 600 1 s .4
— — 200 4 w
400 1
200 o0& . . . .
ol I 0.0 0.1 0.2 03 0.4 05
0.0 0.2 0.4 0.6 0.8 1.0 axial strain

axial strain . .
Figure 7. Shear strength experienced at low levels of shear

Figure 4. Effect of structure on shear strength at drained stress with creep.
triaxial specimens without creep.
It is evident that even for high levels of loading the effect of

1800 structure degradation does not produce failure.
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Figure 5. Triaxial stress paths at drained conditions without

time (months)
creep.

Figure 8. Axial strain as a function of time at high shear

Although the Fig4 is informative in terms of shear strength .
stress levels with creep.

it fails to provide a clear portrait of the stress paths. Fig5
provides a visual representation of the triaxial stress path

at drained conditions in the p-g space. On the other hand, strength envelope degradation towards

its residual state has revealed the deleterious effect on
shear strength. Regardless whether structure/strength deg-
radation is evident or not, the evolution of the SSE inclina-
tion tends to cause creep-induced failure. In Fig8 the axial
strain is portrayed as a function of time.

Numerical analyses have been conducted for two different
shear stress levels. In one case the specimen is stressed at
a point lying above the quasi-static CSL. Assuming that the
inclination of the CSL is allowed to evolve then eventually

the specimen will fail in tertiary creep (Fig6). 4.2 Bearing Capacity of Surface Foundations

1200 . . . . . .
* ri i wi i verlayi
. The bearing capacity of a 2m wide footing overlaying a
1000 clayey deposit under drained conditions has been exam-
p ined. The soil medium portrays a punching failure mecha-
eeee* (" =0 wo creep . .. . P : .
£ &P =75 wo creep nism rather than distinct failure lines which become evident
< 8001 © a-= only at undrained conditions, as can be seen from Fig9.
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Figure 9. Displacement contour plots for (a) drained and (b)

Figure 6. Shear strength experienced at high levels of shear undrained boundary conditions without creep.

stress with creep.

The effect of structure and structure/strength degradation
is evident on shear strength in Fig10.
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Figure 10. Effect of structure on shear strength at drained
triaxial specimens without creep.

For imposed displacement equal to the width of the footing
the soil reaction is significantly less than the one obtained
from an elastoplastic analysis without an ISE surface.

Numerical analyses have been conducted for two different
levels of imposed loading. The loads selected (0.5 & 1MN)
appear to be nowhere near the bearing capacity. In Figll
settlement is given as a function of soil reaction for the
case of P=0.5MN.
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Figure 11. Soil reaction as a function of settlement, P=">
MN.

On the other hand, once the level of imposed loading dou-
bles in value the footing tends to fail in creep as can be
seen in Figl2.
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Figure 12. Soil reaction as a function of settlement, P=1MN.

Even for high levels of loading the effect of structure /
strength degradation does not produce failure. On the other
hand, degradation of the strength envelope revealed the

deleterious effect of creep on shear strength, as can be
seen from Fig13.
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Figure 13. Settlement as a function of time, P=1MN.
5 CONCLUSIONS

A new elastoplastic-viscoplastic constitutive model has been
developed based on the concepts of bounding surface plas-
ticity and critical state soil mechanics principles incorpo-
rated within the framework of the overstress theory. Al-
though structure/strength degradation has been shown not
to result in tertiary creep, delayed failure can be realized
through degradation of the CSL in the stress space to a
residual state. Model predictions tested in triaxial shearing
mode revealed that the model can predict tertiary creep
behaviour at high shear stress levels. The model is imple-
mented in the commercial F.E. Code ABAQUS and was fur-
ther employed in the bearing capacity of a surface footing
reproducing similar results.
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Tunnelling in overstressed rock

E. Hoek
Evert Hoek Consulting Engineer Inc., Vancouver, Canada

P.G. Marinos
National Technical University of Athens, Greece

ABSTRACT: Overstressing of the rock surrounding a tunnel
can result in either brittle fracture of the intact rock or
shear failure along pre-existing discontinuities such as
joints or shear zones. These two types of failure can co-
exist and the extent to which the failures propagate de-
pends upon the characteristics of the rock mass, the magni-
tude and directions of the in situ stresses, the shape of the
tunnel and the intensity and orientation of the discontinui-
ties. Numerical analysis plays an increasingly important role
in the assessment of tunnel stability and design of rein-
forcement and support. Rapid evolution of computer soft-
ware and hardware offers the potential for the calibration or
possible elimination of some of the empirical techniques
upon which tunnel designers have to rely.

1 INTRODUCTION

The rock mass surrounding a tunnel can be overstressed
when either the intact rock or the discontinuities fail as a
result of the stresses induced by the excavation of the tun-
nel. There are a variety of conditions under which such
overstressing can occur and three examples will be dis-
cussed in this paper. These are the failure of massive intact
rock, sparsely jointed anisotropic rock masses and heavily
jointed rock masses. These three cases serve to illustrate
the basic principles of assessing the type and extent of fail-
ure and of designing reinforcement or support to stabilise
the tunnel.

When the conditions for overstressing exist it is seldom
possible to prevent failure initiating. When such failure oc-
curs the aim of the design of reinforcement or support is to
control the propagation of the failure and to retain the pro-
file of the tunnel. Stability becomes increasingly difficult to
control if ravelling of the near surface rock pieces is allowed
to occur and the interlocking or arching of the rock mass is
destroyed by progressive deformation. Support must be
chosen to match the deformation characteristics of the rock
mass surrounding the tunnel.

2 IN SITU STRESSES

Of all of the quantities that the geotechnical engineer is
required to estimate or to measure, the in situ stress field
in a rock mass is one of the most difficult. The vertical
stress can be approximated, to an acceptable level of accu-
racy, by the product of the depth below surface and the
unit weight of the rock mass. However, in complex tectonic
environments the vertical stresses may be lower (Mayer
and Fabbre, 1999) or higher (Stille and Palmstrém, 2008)
than the overburden stress. Horizontal stresses of interest
to civil and mining engineers are influenced by global fac-
tors such as plate tectonics and also by local topographic
features.

Zoback (1992) described the World Stress Map project that
was designed to create a global database of contemporary
tectonic stress data. The data included in this map were
derived mainly from geological observations on earthquake
focal mechanisms, volcanic alignments and fault slip inter-
pretations. The results included in this map, available at
www.world-stress-map.org, are very interesting to geolo-
gists involved with regional or continental scale problems.
However, other than providing a first estimate of stress
directions, they are of limited value to engineers concerned
with the upper few hundred metres of the earth’s crust. The
local variations in the in situ stress field are simply too
small to show up on the global scale.

A more useful basis for estimating near-surface horizontal
in situ stresses was proposed by Sheorey (1994). He devel-
oped an elasto-static thermal stress model of the earth.
This model considers curvature of the crust and variations
of elastic constants, density and thermal expansion coeffi-
cients through the crust and mantle. A plot of the ratio of
horizontal to vertical stress predicted by Sheorey’s analysis,
for a range of horizontal rock mass deformation moduli, is
given in Figure 1. This plot is similar in appearance to that
derived by Brown and Hoek (1978) from measured in situ
stresses around the world (data points included in Figure
1). While this similarity does not constitute a proof of the
correctness of Sheorey’s solution, it is at least comforting to
find this correlation between theory and observations.

k = horizontal stress / vertical stress
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Figure 1. Measured horizontal to vertical stress ratio for
various regions around the world compared with theoretical
relationships derived by Sheorey (1994).

Note that neither Sheorey’s equation nor the trends estab-
lished by Brown and Hoek account for local topographic
influences on the stress field. Hence, when making esti-
mates of the in situ stress field in a mountainous area, ad-
justments must be made to account for these topographic
factors. In carrying out an analysis of the stresses induced
by the excavation of a tunnel, it is prudent to consider a
range of possible in situ stresses. For example, consider a
tunnel located in a steep-sided valley where the regional
horizontal in situ stress is estimated to be twice the vertical
stress. The horizontal stress at right angles to the valley
axis could be varied from one half the vertical stress to
twice the vertical stress. The stress parallel to the valley
could be varied from a minimum value equal to the vertical
stress to a maximum value of three times the vertical
stress. An exploration of the effects of all possible combina-
tions of these stress values would give a good indication of
whether or not these in situ stresses would be critical to the
design of the underground excavations. In cases where a
preliminary analysis indicates that the design is very sensi-
tive to the in situ stresses, measurement of the in situ
stresses has to be considered a priority in the ongoing site
investigation and design process.

3 FAILURE OF MASSIVE UNJOINTED ROCK

In massive unjointed rock tensile failure, originating at
flaws and defects such as grain boundaries, can occur when
the maximum stress on the tunnel boundary exceeds about
40% of the uniaxial compressive strength of the material.
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These failures propagate along maximum principal stress
trajectories and form thin plates parallel to the tunnel
boundary as shown in Figure 2. In hard brittle rock, failure
of these plates can be associated with significant energy
release, which is known as "popping rock", "strainbursts"
or, in extreme cases, "rockbursts".

Figure 2. Brittle failure in the walls of a bored vertical shaft
in a hard rock deep mine.

Underground hard rock miners have been familiar with this
type of failure for many years and there has been consider-
able research devoted to this problem (Kaiser et al, 1996,
Blake and Hedley, 2004). Civil engineers involved in the
design of shallow tunnels have paid little attention to this
type of failure since it seldom caused major problems.
However, with the development of deep level tunnels in
mountainous terrain, particularly those driven by tunnel
boring machines, there have been an increasing number of
brittle failure problems which have raised awareness
amongst civil tunnel engineers.

Martin (2008) has shown that tensile cracks initiate at 40 to
50% of the uniaxial compressive strength of most massive
rocks, including massive sedimentary rocks. Figure 3 is a
plot of crack initiation stresses, determined by strain and
acoustic emission measurements, for a wide range of rocks.
In general, brittle failure tends to be self stabilising when
the stresses at the tip of the notch formed by the failure no
longer satisfy the conditions for the failure to propagate.
This is shown in Figure 4, based on field observations, in
which the depth of brittle failure is plotted as a function of
the ratio of maximum boundary stress to uniaxial compres-
sive strength of the intact rock. This plot is useful in that it
gives an indication of the volume of rock that has to be
supported once the failure has stabilized. As the depth of
failure increases, the excavation becomes increasingly diffi-
cult to support and the energy release associated with the
failure increases.

Figure 5, compiled by Martin et al (1999) from field obser-
vations collected by Hoek and Brown (1980) shows the in-
creasing difficulty of stabilising the tunnel as the ratio of
maximum boundary stress to uniaxial compressive strength
increases. The start of brittle failure in the bored vertical
shaft shown in Figure 2 would correspond to Omax/0c ~ 0.45
while the rockburst conditions illustrated in Figure 6 sug-
gest Omax/0c ~ 1.6.

Considerable progress has been made in understanding and
predicting the onset of brittle fracture (Martin and Chris-
tiansson, 2008, Diederichs et al 2004, Martin 1997) and in
the development of empirical depth of failure relationships
such as that given in Figure 4 (Martin et al, 1996, Martin et
al, 1999).
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Figure 3. Relationship between brittle crack initiation stress
and uniaxial compressive strength of massive rock. After
Martin (2008)
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tests. (After Martin et al., 1996).

Reliable numerical models have been developed for predict-
ing the depth, shape and surface extent of brittle failure
(Diederichs, 2007). However, these numerical models do
not give meaningful predictions of the dilation (bulking) of
the fracture zone nor do they explain why very small sup-
port pressures can suppress the propagation of failure. With
improvements in computational efficiency and the devel-
opment of efficient discrete element models it is probable
that these limitations will be overcome in time.

The best tools that we have at present are empirical rela-
tionships developed by the mining industry (Kaiser et al,
1996). These show that support of tunnels in massive rock,
in conditions under which brittle failure can occur, range
from light wire mesh and rockbolts, for very minor failure,
to heavy support such as the cable lacing illustrated in Fig-
ure 7. In such cases early installation of the support, in
order to maintain the excavation profile, is essential and
the support has to have sufficient ductility to accommodate
the volume changes associated with the failure.

Figure 8 shows steel sets being installed inside the finger
shield, immediately behind the roof shield of an open face
hard rock TBM in the Olmos tunnel in Peru. This tunnel is
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being excavated at depths of up to 2000 m below surface
and overstressing in andesitic rock resulting in strainburst-
ing has been controlled by means of the support illustrated
(Guevara, 2008). Because of space limitations and the time
requirements, it is not practical to install a regular rockbolt
pattern immediately behind the TBM and steel sets provide
an effective support system.
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Figure 5. Increasing difficulty of supporting underground
excavations with increasing ratio of maximum boundary
stress to uniaxial compressive strength (Martin et al, 1999,
based on field observations collected by Hoek and Brown,
1980).

Figure 6. Results of a rockburst in a deep level (= 3000 m)
gold mine in South Africa.

4 INFLUENCE OF DISCONTINUITIES

The presence of discontinuities (joints, bedding planes,
schistosity planes, shear zones etc.) in the rock mass sur-
rounding a tunnel introduces the potential for shear failure
along these discontinuities. This depends upon the number,
spacing, continuity, orientation and inclination of each dis-
continuity set as well as the shear strength of the surfaces
and the stiffness of the intact rock. For convenience in the
following discussion the term "jointed rock mass" will be
used to cover all of these discontinuity types.

Apart from those fractures induced by the tunnelling proc-
ess, all the joints in a rock mass are the result of the rock
genesis and tectonic deformations during the geological
history of the area. Before embarking upon any form of
analysis of the behaviour of a jointed rock mass it is neces-

sary to develop a sound geological model and an under-
standing of the genesis of the joints and of the sequence of
their formation (Fookes et al., 2000, Harries and Brown,
2001). This understanding involves input from structural
and/or engineering geologists who are familiar with the
regional geology and the tectonic history of the area under
investigation. Engineers should avoid the temptation to
start assigning numbers to the joints or to the rock mass
properties until an adequate geological model has been
developed.

Figure 7. Cable lacing in a deep level hard rock mine to
control damage from brittle failure. Tensioned cables are
attached to grouted anchors installed on a regular pattern.

" i/;'.*

Figure 8. Installation of steel sets immediately behind a
TBM shield in the Olmos tunnel in Peru. Photograph pro-
vided by R. Guevara (2008).

A full discussion on jointing in rock masses is clearly be-
yond the scope of this paper. However, in order to provide
some guidance, the authors have compiled a matrix of joint
characteristics together with other features for typical rocks
and this is presented in Appendix 1.
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4.1 Anisotropic failure of sparsely jointed rock

A sparsely jointed rock mass can be defined as one in which
relatively few joint sets occur and where there is frequently
a strongly preferred inclination and orientation of the domi-
nant joint set. A typical example would be a bedded sedi-
mentary deposit which has not been subjected to significant
postdepositional deformation (a molasse). An example of
such a situation is illustrated in Figure 9.

.

b

-\.i. ¢

Figure 9: Sandstone and siltstone molasse exposed in the
face of a 12 m span tunnel top heading in Greece.

During preliminary site investigations classification systems
can be useful in establishing the general characteristics of
the rock mass but these classifications, including the GSI
system and the associated Hoek-Brown failure criterion
(Hoek et al, 2005), are of limited value when highly anisot-
ropic stability problems are anticipated. Under these cir-
cumstances there are no short cuts and comprehensive site
investigation programs, including establishing the orienta-
tion of fractures encountered in diamond drill holes, are
required.

Once the geological model has been established and a rea-
sonable understanding of the mechanics of potential fail-
ures has been arrived at, a numerical model can be cre-
ated. This model should incorporate the sequence of exca-
vation and support installation as well as the intact rock
and discontinuity characteristics and in situ stresses.
Groundwater should be included in the model where this is
considered to be significant (Hoek et al, 2008). Fortunately
there are a number of commercially available programs
which enable users to model all of these features to a level
of detail that is acceptable for engineering design.

Boundary defarmation
exaggerated 50 x

Figure 10. Finite element model of a 12 m span tunnel ex-
cavated in interbedded sandstone and siltstone with pre-
sheared bedding surfaces.

An example of this type of analysis is shown in Figure 10 in
which a 12 m span tunnel is excavated in an interbedded
series of sandstone and siltstone layers similar to those
illustrated in Figure 9. In this analysis a pattern of 6 m
long, 32 mm diameter untensioned grouted rockbolts and
wire mesh have been installed 2 m behind the face. A 200
mm thick layer of shotcrete has been installed 5 m behind
the face. The procedure for sequencing the installation of
reinforcement and support in a two dimensional numerical
model is described by Hoek et al (2008).

There is no method for calculating the factor of safety of a
tunnel, with a combination of reinforcement and support,
such as that shown in Figure 10. As stated earlier, once
conditions for failure of either the discontinuities or the in-
tact rock are satisfied it is not possible to prevent this fail-
ure. However, the extent of the failure and the tunnel
boundary deformations can be controlled by the installation
of reinforcement or support. The aim of the designer should
be to retain the tunnel profile as far as possible and to pre-
vent or minimise small rockfalls from the surface.

In order to achieve this goal it may be necessary to install a
combination of reinforcement and support and to vary the
rockbolt length, spacing and inclination to capture specific
instability zones. Similarly, the initial and final lining thick-
ness and reinforcement may have to be varied to deal with
anisotropic deformation patterns. These changes can only
be optimised by iterative analyses with checks to ensure
that the factor of safety of each individual support compo-
nent is within acceptable limits.

4.2 Failure of heavily jointed rock masses

Figures 11 and 12 show examples of heavily jointed rock
masses. In Figure 11 the structural pattern of the many
joints has been retained while in Figure 12 the fabric has
been completely destroyed by tectonic deformation. In ei-
ther case the joints are sufficiently closely spaced that the
rock mass, on the scale of a tunnel, can be treated as iso-
tropic and homogeneous. This greatly simplifies numerical
analyses and permits the use of homogeneous models and
of rock mass classification schemes to provide input data
for rock mass properties.

N

Figure 11. Heavily jointed andesite in an excavated slope
face in Papua New Guinea.
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Figure 12: Destruction of structural fabric as a result of
tectonic deformation of an interbedded sedimentary rock
mass in southern Taiwan.

Another feature of rock masses in which the discontinuities
have been pre-sheared by tectonic deformation is that they
have a limited capacity to sustain shear stresses. Conse-
quently, over geological time, the in situ stresses tend to
equalise and a reasonable first approximation of the in situ
stress field is that horizontal and vertical stresses are equal.
This conclusion is generally impossible to confirm by direct
measurement but back analysis of the behaviour of tunnels
excavated in such materials tends to confirm this equalisa-
tion of the in situ stresses.

Figure 13 gives a comparison between finite element analy-
ses of a tunnel excavation using a heavily jointed model (on
the left) and an equivalent homogeneous model (on the
right). The jointed model has the advantage that structural
data on jointing obtained in the field and laboratory data on
rock mass properties can be used directly in the model.
However, the computational demands of such models limit
their current use to relatively simple problems. On the
other hand, the equivalent homogeneous model allows for
very efficient numerical modelling but it imposes significant
demands on the user to estimate realistic material proper-
ties.

4.3 Inclusion of joints in numerical models

Several commercially available continuum models permit
the insertion of individual joints or joint networks (Roc-
science, 2008, Lorig, 2007). These networks may include
parallel or cross-jointed arrays, joints with a statistically
distributed finite trace length (Baecher et al 1978),
Veneziano or Voronoi joints patterns (Dershowitz, 1985).
These models make it possible to study the behaviour of a
wide variety of heavily jointed rock masses and they have
proved to be very useful for practical tunnel designs.

In using these continuum models it has to be kept in mind
that they do not permit separation of joint planes or rota-
tion of blocks and that their use should be restricted to
small deformation problems. However, since most tunnel
designers are interested in limiting the deformation of tun-
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nels and in maintaining the opening profile, this restriction
is not a serious limitation in tunnel design.
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Figure 13. Comparison between results of analyses using a
two dimensional continuum model with closely spaced Vo-
ronoi joints (left) and equivalent rock mass properties
(right). Note that intact properties are used for the rock
pieces between joints in the jointed model. Phase2 v7
model (www.rocscience.com).

For larger deformation problems where joint separation and
block failure and rotation are likely to occur, discrete ele-
ment (Lorig, 2007) or combined finite-discrete element
models (Munjiza, 2004, Crook et al, 2003) need to be used.
Some of these codes were developed for applications other
than rock engineering and need some adaptation before
they can be used efficiently for tunnel design.

These are sophisticated and powerful codes and the poten-
tial user should not under-estimate the investment in time
and resources required in order to learn to utilise them cor-
rectly. For research or consulting groups interested in re-
maining in the forefront of tunnel design this investment is
well worth making.

4.4 Use of rock mass classifications

The use of rock mass classification systems goes back more
than 60 years when authors like Terzaghi (1946) attempted
to describe the characteristics of rock masses and their
response to tunnelling. Since that time numerous rock
mass classifications have been developed and probably the
best known are those of Barton et al (1974) and Bieniawski
(1976). These classification systems played an important
role in tunnel design before the development of the numeri-
cal models discussed above. They continue to play an im-
portant role in providing initial estimates of the range of
problems likely to be encountered and of solutions that can
be considered and also in estimating rock mass properties
for input into numerical models.

Hoek and Brown (1980) considered that more detailed rock
mass property information would be required as numerical
modelling became more readily available and more widely
used in design. They set out to develop a failure criterion
(the Hoek-Brown criterion) and a classification system (The
Geological Strength Index, GSI) specifically for this purpose
(Hoek and Marinos, 2007). This classification differs from
those described above in that it has no end use other than
to provide input for the Hoek-Brown criterion. It was not
intended for and should not be used for estimating tunnel
support requirements, excavation advance rates or tunnel
costs. Furthermore, it assumes a homogeneous isotropic
rock mass and should not be used for the analysis of ani-
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sotropic or strongly structurally controlled rock mass be-
haviour.

An example of the application of the GSI classification and
the Hoek-Brown criterion has been published by Hoek and
Guevara (2009). This deals with the Yacambu-Quibor tun-
nel in Venezuela in which severe squeezing was encoun-
tered in graphitic phyllite at depths of up to 1200 m below
surface. The analysis utilises a relationship developed by
Hoek and Marinos (2000) for the prediction of the extent of
squeezing on the basis of the ratio of rock mass strength
Ocm to overburden stress po, shown in Figure 14.
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Figure 14: Relationship between tunnel strain and ratio of
rock mass strength to in situ stress (Hoek and Marinos,
2000).

Figure 15 shows that there are a significant number of loca-
tions along the tunnel where the strain approaches or ex-
ceeds 10% which, according to Figure 14, represents a se-
vere squeezing condition.
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Figure 15: Strain along the Yacambu-Quibor tunnel pre-
dicted from the ratio of rock mass strength to in situ stress.
(Hoek and Guevara, 2009).

During excavation of the tunnel severe squeezing was en-
countered in a number of the locations where inadequate
support had been installed. Re-mining and rehabilitation
was required in these locations as illustrated in Figure 16.
Lessons learned in such cases were used to develop a sup-
port design procedure based on the use of sliding joints in
circular steel sets. These sets were installed as close as
possible to the excavated face and the 5 m diameter tunnel
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was permitted to converge about 50 cm before the sliding
joints locked and the sets developed their full capacity. At a
distance of about 15 m behind the face the shotcrete win-
dows, that had been left to permit the joints to slide, were
filled and additional shotcrete was applied to build up a final
lining of up to 70 cm thickness, depending on the rock
mass properties and in situ stress levels.

Figure 16: Failure of a tunnel section due to very severe
squeezing (background) and re-mined and re-supported
tunnel (foreground).

5 PREDICTIONS FOR THE FUTURE

Rock engineers have to work within the limitations of avail-
able technology and, without doubt, some of the most se-
vere limitations are associated with the estimation of rock
mass properties. The strength and deformation characteris-
tics of the rock and the discontinuities play a major role in
determining stability as well as the reinforcement and sup-
port requirements in tunnelling,

Efforts to overcome these limitations have resulted in tools
such as the GSI classification (Hoek and Marinos, 2008)
which, at best, can only be regarded as crude interim solu-
tions. It is simply not possible, within the constraints of a
classification system based on a limited number of esti-
mated input parameters, to capture the actual behaviour of
heterogeneous rock masses. This is not to say that these
efforts have not been useful since, when they were devel-
oped, there very few practical alternatives available.

Fortunately, with developments in computer hardware and
software technology, there is now a reasonable expectation
that some of mysteries of rock mass property estimation
may be dispelled over the next decade. This expectation is
centred on our rapidly improving ability to incorporate labo-
ratory determined intact rock and discontinuity properties
into numerical models. As discussed in Section 4.3 above,
several commercially available codes permit this type of
analysis and some of them are capable of producing credi-
ble results in the analysis of failure initiation and post fail-
ure behaviour of complex rock mass and applied stress
conditions (Lorig, 2007).

Discrete element and combined finite - discrete element
analyses are currently fashionable research topics and geo-
technical journals and conferences abound with papers with
spectacular demonstrations of fractured rock masses falling
apart. Very few of these techniques are available as robust,
validated and user-friendly tools that the average tunnel
designer could use. As with the development of other nu-
merical tools, several years will be required to sort the
wheat from the chaff and to allow a consolidation of the
technology. Eventually these methods will be integrated

>eAida 19



into existing software or they will form the basis of a new
family of powerful two- and three-dimensional design tools.

The authors look forward to the time when these numerical
tools will allow us to at least calibrate if not replace com-
pletely some of the empirical methods, such as the GSI
classification and the Hoek - Brown criterion that we use
today.
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7 APPENDIX 1 - ROCK MASS PROPERTIES

The authors of this paper have always advocated that users
of the GSI classification should rely on the application of
sound engineering geology principles rather attempt to be
too quantitative in the estimation of rock mass properties.
In the introductory box of the GSI chart, a typical example
of which is given in Table 1, they warn: “Do not attempt to
be too precise. Quoting a range of GSI of 33 to 37 is more
realistic than giving GSI = 35.”

One of the typical problems faced by inexperienced users is
to judge the properties of the rock and the discontinuities in
a specific rock mass. Even geologists will sometimes fail to
recognise the engineering significance of their interpreta-
tion of the rock mass characteristics. A discussion on the
applications of GSI can be found in Marinos et al (2007).

In an attempt to provide some ideas on the choice of the
properties that should be used in working with the GSI
charts, a new pair of tables are presented in this appendix.
Table 2 give a number of possible combinations of proper-
ties that may occur in different rock types. Table 3 defines
these properties for intact rock, joints and for rock masses.
The properties considered include intact strength, altera-
tion, weathering, solution potential, anisotropy, joint char-
acteristics and permeability.

For example, serpentinite would be categorised as follows:
Dominant factors

1B-C: UCS ranges from 15 to 100 MPa

3D: High weathering potential

8C-D: Planar to very planar joints

9D: Possibility of clay filling in joints

10D: Potential for heavy slickensided joints
11A-C: Generally low joint controlled permeability

Significant factors

2B-C: Slight to moderate alteration potential

7B: Slight anisotropy

13B: Slight persistent schistosity when tectonised
4B: Slight swelling potential

Factors that can be ignored

5A: No solution potential

6A: No potential for void formation

12A: No persistent thin bedding planes

14A: No heterogeneity due to alternating layers

Note: The combinations included in the Table 2 are those
found most frequently in rock and rock masses in situ de-
pending from their petrographic nature and tectonic history.
Other combinations may occur.

Keynote address presented at EUROCK2009 in Dubrovnik,
Croatia in October 2009 (http://www.eurock2009.hr).
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Table 1- Geological Strength Index Table for graphitic phyllite
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Tahle 2 - Possible features for different rock types
a Texture
(=N
z |2
§ 4 Group Coarse Medium Fine Very fine
[
Conglomearatas Sandstones Siltstones Claystones - Marls
Breccias 14-B, 2A, 3B-C, | 1C-D, 24, 3B, | 1D, 2B, 3B-C, 4B-C, 34,
1B-D, 2A, 3B-C, | 44, 5A, 6A, 7A, | 4A-B, 54, 64, 7A, | BA, 7A, BD, oD, 10D, 11D,
Clastic 44, 3B, 6B, VA, | 84, 9B, 108, | 8C, 9D, 10D, | 128, 13A, 14D
3B, 9BC, 10B, | 11A, 12B, 13A, | 11D, 12C, 134, Shales
E 114, 124-B, 134, | 14D 14D
E 140 1D, 2B, 3B-C, 4B-C, 3A,
= 64, 7C-D, 8D, 9D, 10D,
= 11D, 12D, 13D, 144
=
LLY
F]
o Limestones — Dolomites
2 Carbonates 1B-C, 24, 34, 4A, 54, 6D, 7A, 8B, 04, 108, 114, 124, 13A, 14C
- Gypsum Anhydrite
S | Evaporitas X
= 1C, 2A, 3B, 4B, 5D, &b, 7A, 8C, 97, | 1C, 24, 3D, 4D, 3B, 6B, 7A, BC, 97, 10C,
10C, 114, 124, 134, 14C 110, 124, 134, 144
Marble Hornfels (or cherts in sedimentary Quartzite
Non Folisted | “Br ZA. 3A, 44, 34, rocks) 14, 24, 3B, 44, 5A, 64,
‘;’ 6D, 7B, 8B, 9A, 10B, | 1A, 2A, 3A, 4A, 5A, 6A, 7A, 8B, | 7B, 8A, 9B, 10B, 11A,
& 114, 128, 13A, 14C g4, 10B, 11A, 12C, 134, 14D 12B, 13C, 14D
o
E Slightly Amphibolites — Gneiss
_E_, Foliated 14, 2B, 3C-D, 44, 54, 6A, 7C 84, 9C-D, 10C, 114, 124, 134, 144
Micaschists Phyllites
Foliatad 14, 2B, 3B-C, 44, 5A, B4, 7C, 8B, 9C-D, | 1C, 2B-C, 3C-D, 4B, 54, 64, 7D, 8D, 9C-D,
10C, 114, 128, 13C, 14C 10D, 11C, 12C, 13D, 14D
. Liaht Granite - Diorite - Granodiorite
5 B 14, 2C, 3D, 44, 5A, 64, 7A, 84, 9C, 10B-C, 11A, 124, 134, 14A
5
a Dark Gabbro - Morite
1A, 2C, 3C, 4A, 5A, 6A, 7A, 8A, 9C, 10C, 11A, 124, 134, 14A
h Peridotits Serpetinites
2 Hypabyssal 1A, 2C-D, 3D, 44, SA, 6A, 7A, 8B, 1B-C, 2B-C, 3D, 4B, 5A, 6A, 7B, 8C-D,
% oC-D, 10C, 114, 124, 134, 14A aD. 10D, 11A-C. 124, 138 144
Ll:l r r = == r =
Rhyaolite — Dacite - Andesite Basalt
Lava
14, 2C, 3B-C, 44, 54, 6B, 74, BA, 1A, 2A-B, 3A-B, 44, 34, BA, 7A, BB,
9C, 10C, 11A, 124, 13A, 14A OB-C, 10B, 11A, 124, 134, 14A
E Agglomerate - Volcanic Braccia Tuff
E Pyroclastic 1B-C, 2C, 3C, 4B-D, 34, 6B, 7A, BA, | 1C-D, 2D, 3D, 4B-C, 34, 6B, 74, 8B, 9C, 10C,
QC, 10B, 114, 124, 134, 14C 114, 124, 134, 14D

For definitions of 1,2,..., &, B,.._, refer to table 3.

Mote: The combinations included in the table are those found most frequently in rock and rock masses in situ de-
pending from their petrographic nature and tectonic history. Other combinations may occour in some cases except if
not applicable (N/A) is noted (see table 3). This table is for guidance only and it should not be used as a substitute
far site observations and data acquisition from a site investigation program.
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Tabhle 3 - Definition of rock type features
Froperty A ] C D
) . Very high High Medium 15 - Low 3
UCS of sound intact material 1 - 100 MPa 50 -100 50 MP3 < 15 MP=
MPa
Alteration potential 2 None clight modarate high o
(=]
Weathering potential 3 None slight modarate high >_ ':
Swelling potential 4 NS4 slight moderate high -E
(=]
Solution potential 5 NS4 slight modarate high
Voids - potentizl for formation 6 MNSA possible Yas
Anisotropy of intact rock 7 Mone slight moderate high _<
Joint surface characteristics 8 erv rouah . planar with lanar
{excluding schistosity) very roug WavInEss | slight waviness | V=Y Planal
Joint infilling from crushed Clay with sandy E
rock — excluding excavation 9 None Sandy . Clay > =
damage particles a
.S“'CkenSIdEd joints - potential 10 MNone minimal moderate heavy
in sheared rock
N 11 | Depending on —ﬂ
Permeability or rock mass jointing or - Low Very Low
karstification
Persistent thin bedding planes | 12 MNone possible frequent In most E
Cases > £
Persistent schistosity 13 NS A slight moderate high E
. - [+
Haterogensity - Possibility of
alternating weak and strong 14 Mo - Rare Yes
rock layvers on the scale of the
engineering structure _/‘I
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Can someone please explain exactly what is
SCL?

David Hindle

A speedy and uncomplicated method has fallen prey to

over-design and endless codes. David Hindle, partner of

OTB Engineering speaks out on the present state of SCL
design in the United Kingdom.

These days I despair for our tunnelling industry in the UK,
which appears to have been hijacked by armchair experts,
computer geeks and regulation fanatics, no more so than in
sprayed concrete lined tunnels. Whilst I can see the need
for some input from such specialists, when did we lose sight
of the simplicity, elegance and practicality of the sprayed
concrete method and replace it with the monster of their
devising we now call SCL?

In any debate about the subject we must inevitably refer
back to the New Austrian Tunnelling Method, which was not
originally devised for soft ground but was adapted from its
hard rock, high stress version by a collaboration between
eminent Austrian and German engineers in the 1960s for
use in constructing the Frankfurt Metro in a similar clay to
that found in London. Perhaps it was a mistake to retain the
NATM acronym for the soft ground version but the rather
catchy name stuck and the method quickly caught on in
Europe and then Worldwide for the very good reasons that
it was simple, adaptive, cost effective and above all it
worked.

SCL shaft construction on Tottenham Court Road station,
London

Unfortunately, it met with massive resistance in the UK
throughout the 1970s and 80s on several fronts, especially
contractual, as it was difficult to incorporate the flexibility of
the method within the rigid confines of the forms of con-
tract in use at the time. Also, the traditionalist tunnellers
vigorously expressed their scepticism by asserting that
shotcrete was poor quality concrete that would not stick to

clay or chalk, which was subsequently demonstrated to be
erroneous on all counts. Perhaps the biggest anti-NATM cry
was that it was neither new nor Austrian, which may well
have been true, certainly German engineers had a big input
and shotcrete had been used very successfully elsewhere,
notably in Norway. However, I suspect that the main rea-
son was that it had the word Austrian in it and not British.
Incidentally, the acronym was originally adopted simply to
distinguish it from the old Austrian tunnelling method and
not for any overt nationalistic motives.

Eventually sanity prevailed and NATM began in the UK, not
in civil engineering but in mining. However the inadequacy
of traditional tunnelling methods to construct the massive
underground complexes required for London's new trans-
port infrastructure forced the UK tunnelling industry to
adopt NATM and all went along swimmingly until the Heath-
row debacle in 1994. What cannot be denied is that it was a
monumental cock-up and the companies responsible were
duly prosecuted. What then followed was a lengthy process
of collective navel gazing from which emerged the SCL me-
thod

What seems to have been forgotten was that all tunnelling
methods can potentially fail given a particular circumstance
or combination of circumstances such as poor design, infe-
rior materials, substandard construction, poor supervision
or unforeseen ground, but above all there is only one
mechanism that causes a tunnel to collapse and that is
gravity. Tunnelling in whatever context is in the end a con-
test against the force of gravity with gravity holding most of
the aces.

Pick and mix

The mistake was that NATM was turned into cookbook of
the engineering codes and standards beloved of the British
engineer and has since evolved into a methodology that
would make Delia Smith [a British cooking author] proud.
The fundamental but true criticism of the NATM is that it
was never clearly defined as to what it is and is attempting
to achieve. Unfortunately the same can be equally applied
to SCL. When this question is raised, one commonly held
belief is that NATM is essentially an observational method
whereas SCL is not; i.e. SCL is designed to cope with all the
anticipated ground conditions and performance require-
ments. If this is so then what is the purpose of monitoring
it? One would reasonably assume that it is to check
whether the design is working correctly. If the monitoring
shows that it is not, what then, change the design? If so
then it is, by definition, an observational method. By way of
confirmation an SCL design often incorporates some 'pick-
and-mix toolbox' support supplements (rather like NATM).

The SCL acronym itself is somewhat misleading as it refers
only to the finished product, when the fundamental key to
its successful application is the sequential nature of the
excavation and support and above all the most important
design consideration is to close the invert as quickly as pos-
sible otherwise gravity (remember that irritating compo-
nent) will have its evil way. So the best approach must
surely be the simplest and quickest method in achieving
ring closure and, to their credit, British contractors have
looked to new technology to achieve this, such as semi-
automated laser controlled excavation and robotic shotcret-
ing. I would contend that this was the true and fundamen-
tal definition and aim of NATM that was developed using the
best technology of the day to achieve rapid ring closure and
should be the basis of SCL.

Spurious focus

Unfortunately, SCL development appears to have concen-
trated mainly on the sprayed concrete lining itself. For
whatever reason there has been a fundamental shift to-
wards very high strength mix designs and the exclusive use
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of steel and/or plastic fibres. On largely spurious health and
safety grounds the use of lattice girders and steel mesh has
been ditched and as a result we now have SCL linings dou-
ble the thickness and twice the concrete strength, totally
reliant on chemical additives and quality control of the mix
and application for holding it up in the roof. Consequently,
in @ modern SCL tunnel you are at more risk of injury from
falling shotcrete than collapsing ground (that damned grav-
ity again) and I await with trepidation the first casualty in
the UK - there has already been a fatality in the USA. Let
me state my heretical view that fibres and high-strength
shotcrete, whilst being very beneficial from a durability
point of view, are no effective structural substitute for steel
reinforcement both in the temporary and permanent condi-
tion and is no quicker to install, given the increased lining
thickness and excavation volume required.

I recently had sight of an SCL design of 4m diameter, 12m
deep shaft in London Clay. It has a lining thickness of up to
575mm applied in four specified layers. Not only that, on
top of an under-reamed and domed, heavily reinforced base
is placed a 0.5m thick reinforced concrete base slab below a
further 1.5m thick mass concrete plug (you can't be too
careful). From the shaft bottom a 3.5m wide cable tunnel is
driven, which has a 425mm SCL lining applied again in four
layers. The tunnel is (for no apparent reason) ovoid in pro-
file requiring no less than seven setting out points and, just
to be sure, has an 85mm internal profile tolerance, oh, and
a further 75mm allowance for a drip-shield (you really can't
be too careful). Amazingly this 'heroic' design has been
constructed and I expect the contractor enjoyed himself
hugely spraying up the world's most expensive textured
rendering job.

Finally, let me air another heretical view that London Clay
and the underlying Lambeth Group is arguably some of the
best tunnelling ground in the World and, rather than a soil,
can often be classified as a weak rock. Perhaps it would do
our armchair SCL designers some good to turn off the finite
element program for an hour or two and venture under-
ground to view it in its native habitat, then decide whether
the computer output reflects reality or not.

Send your views to: editor@tunnelsandtunnelling.com or
T&TI Editor, John Carpenter House, 7 Carmelite Street,
London, EC4Y0BS, UK

(Tunnels & Tunnelling International, AUGUST 2012, pp. 46-
47, www.tunnelsandtunnelling.com)
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Successful Tunnelling in Challenging Mountain-
ous Conditions

Trevor G. Carter

Dealing with adverse geology can be problematic, leading
to significant tunnelling delays if not adequately foreseen.
In mountainous regions, adverse conditions can prove dis-
astrous depending on stress state, rock competence and
groundwater inflows. Mitigating delays associated with bad
ground at significant depth requires foresight and advanced
planning.

From the tunnelling perspective, the Himalayas arguably
pose the most challenging ground conditions almost any-
where in the world. One of the prime reasons is that they
are the youngest of the mountain chains and are demon-
strably rising faster than anywhere else. Based on their
"active" stress state alone, similar-length deep tunnel exca-
vations under the Himalayas likely will pose significantly
more challenges than an equal-length, equal-cover drive
almost anywhere else in the world. These difficulties of tun-
nelling at depth through high mountainous terrain pose
major challenges not just for tunnel boring machines (TBM)
but also for use of drill and blast (D&B) and New Austrian
Tunneling Method (NATM) approaches.

The more challenging the ground, the greater the pre-
planning that is required before tunnelling. This challenge is
not just one of tackling adverse ground by modifying exca-
vation and support processes to deal with the specific prob-
lem zone, stress state and/or groundwater conditions. It is
also often about logistics, as for deep tunnels in mountain-
ous regions problem geologic zones often are at significant
distance from the nearest portal and at such significant
depth that surface pre-treatment is generally impractical.

Traversing faulted and disturbed ground at significant depth
requires that tunnelling procedures are able to cope with a
huge range of difficult geological conditions. Investigating,
evaluating and assessing anticipated geology ahead of tun-
nelling and dealing with encountered difficult ground condi-
tions requires that better understanding be gained of the
interaction between complex geology and stress conditions
when excavating at such depths.

Extremes of ground conditions present major contrasts to
tunnelling, so much so that they inevitably demand use of
flexible rock engineering solutions for the tunnel to pro-
gress. The fact that conditions within the Himalayas can be
expected to be as bad as has ever been encountered else-
where means there has to be the ability while tunnelling to
allow changes in excavation procedures and in pre- and
post-excavation support approaches. This need to adopt
flexible solutions is often seen as being at variance with the
constraints imposed by the rigidity of design elements in-
corporated into the fabrication of a typical TBM.

As a result, traditionally there has been a reluctance to use
machines in these conditions, mainly due to the perceived
extremely adverse consequences of entrapping or damag-
ing the TBM. In some part this is due to the perception that
there is more difficulty dealing with adverse ground condi-
tions in the confined working area of a TBM, in comparison
to dealing with the same problem in the larger working
space of a D&B/NATM heading. Machine designers are at-
tempting to combat some of these problems by making
machines more robust and at the same time flexible
enough to be capable of safely and successfully excavating
through extremely bad ground.

Improving tunnelling effectiveness
Two issues essentially control our ability to improve tunnel-

ling effectiveness for traversing through the characteristi-
cally complicated ground conditions found beneath the

mountainous regions of the world. First is the influence of
adverse geotechnics, i.e., dealing with difficult ground con-
ditions and, second is the limitations of current tunnelling
technology.

Tunnelling in adverse ground is significantly less forgiving
of the limitations of the tunnelling approach than tunnelling
in good ground. Generally, the more difficult the ground,
the more flexibility is also needed. Tunnelling in the Hima-
layas, the Andes and until recently the Alps has shied away
from TBM use due to perceived inflexibility and the likeli-
hood of the machines getting trapped by adverse ground
conditions, either as a result of squeezing or spalling/
bursting conditions or because of ground collapses associ-
ated with rockfalls or with running or flowing ground within
faults. Any of these situations can lead to problematic tun-
nelling at best and collapses and abandonment at worst.

Inflow of high-pressure groundwater can occur during con-
struction of tunnels in areas with faults or tectonized zones
where unusually low stress states can exist.

Dealing with such problems is always challenging but is
many times worse when the tunnel heading is, say 10 km
from the nearest portal, as is the case in many TBM drives.
The fact that such conditions pose almost as many chal-
lenges for conventional D&B/NATM methods as for a mod-
ern machine drive often gets ignored. When similar condi-
tions are met and encountered in D&B headings, sometimes
it can take as long or longer to negotiate the problem zone
than it might have taken with a properly configured, well-
operated machine with an experienced, well-trained crew.

Three main geotechnical elements control our ability to
execute trouble-free tunnels at significant depth — stress
state, groundwater conditions and the rock itself. Adverse
characteristics of any of these three elements can, on its
own, compromise D&B or TBM tunnelling, but it usually
takes a combination of all three being adverse to trap a
machine or halt a D&B drive to the extent that a bypass
becomes necessary.

Analytical approaches

Detailed analyses are usually not warranted at early project
stages but may be necessary if significant segment lengths
of the tunnel are of concern and a TBM is being contem-
plated. Most of these approaches rely on numerical model-
ling, and estimating appropriate parameters may be diffi-
cult, given the usually limited laboratory data at early pro-
ject stages.

While vast strides have been made with numerical analyses
to better understand the behavior of difficult rock masses at
the two ends of the rock competency scale, application of
these methods as a predictive tool rather than for back-
analysis of existing or ongoing tunnelling conditions is gen-
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erally not justified at this stage, unless work has been pre-
viously done on the site or on similar materials. This is be-
cause, typically, current analytical and numerical assess-
ment capability far outweighs early project ability to prop-
erly define input parameters.

Unfortunately, it is always early in a project that decisions
about TBM usage are needed. Almost always there is also
inadequate definition of stress state, rock competence and
groundwater for most of the tunnel, so estimating condi-
tions in the zones geologically considered most problematic
becomes the focus for minimizing risk and maximizing ob-
jectivity for decision-making.

Decisions on whether to utilize a TBM remain therefore a
matter of judgment. The key issues include: How much of
the tunnel length is problematic, and how much of this
problematic length is of critical concern? Alone, no amount
of analysis can yield the necessary answers. It requires a
combination of information — yielded by the best possible
geological assessment of likely conditions along a planned
alignment, coupled with application of numerical and ana-
lytical techniques to back-analyze similar conditions and
assess applicability. Such analyses need to be credible and
done in sufficient detail that reasonable estimates can be
made of critical yield extent and probable closure magni-
tudes. Only by such definition can difficult decisions be
made on TBM applicability and the suitability of different
design types.

Once some appreciation of the extent of problem sections is
gained, estimates of cover and rock type can be made for
typical zones within these segments and then numerical
modelling can be undertaken of representative critical sec-
tions. This in turn helps to identify controlling indicators
that are diagnostic for evaluation of problem conditions and
aids prioritization of which parameters need to be assessed
or better still measured for each anticipated problem zone
along any deep tunnel route.

Reducing risk

In mountainous terrain, when considering a decision on
whether or not to use a TBM, and which type of TBM to use
for a deep tunnel, it must be appreciated that, historically,
three types of ground conditions have proved the most
problematic from the viewpoint of halting tunnel advance.
In order of severity, case records suggest bad faults, heavy
water and major stress, individually and/or in combination,
constitute the most problematic ground conditions. These
are almost irrespective of tunnelling method.

Squeezing ground conditions have been cited as the prime
reason for the failure of tunnel boring machines used in
certain areas of the world.
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For deep mountain tunnels, with few exceptions, major
disturbance zones associated with faulting have posed the
most problems to tunnelling advance, often historically re-
quiring bypass drifts and significant ground treatment be-
fore being able to be traversed. While squeezing conditions
associated with the weak phyllites of the Yacambu drive in
Venezuela are frequently cited as the prime reason for the
failure of the TBMs used for mining along this tunnel, it
should be appreciated that one of the prime reasons the
phyllites encountered were so contorted and stressed is
that they occur within the 2 km-wide Bocono Fault zone,
one of the main plate margin faults of the Andes.

Similarly, several of the faults on the Nathpa Jhakri scheme
in India, including the Sungra Fault, where extremely poor
ground associated with bursting and mudrush events was
encountered, when viewed on a continent-wide scale can be
seen to constitute a sliver off the Main Central Thrust
(MCT), which slices across the southern boundary of the
Himalayas. It is therefore to be expected that stress states
locally to these features, when encountered in a deep tun-
nel, might be anomalous, with magnitudes and directions
totally at variance to conditions expected to be "normal" for
that depth.

The TBM inundation experience at Parbati, which also
comes into close proximity with the MCT, and the D&B
drivage experience at Nathpa Jhakri with respect to the
Sungra Fault are diagnostic of an extreme stress riser situa-
tion adjacent to a zone of low to non-existent stress. Tun-
nelling behaviour in both cases was almost identical — a
zone of heavy spalling and bursting being encountered just
preceding a zone of major mudflow inrush.

This points to the need to carefully look not just at the ba-
sic geotechnics of deep tunnel alignments but also at re-
gional structural geology domains. In particular, three key
geological factors need consideration over and above
straightforward definition of rock mass quality, cover depth
and groundwater conditions. Although these three geotech-
nical control indicators give an initial clue to degree of ad-
versity, alone they do not provide the extra insight needed
to assess the possible degree of adversity posed by differ-
ent types of faults likely to be encountered at depth along
deep mountain tunnels. The three additional factors to be
considered are structural geological regime, current re-
gional tectonic state and likely palaeostress history.

In mountain zones, understanding these factors can help
route planning and alignment definition, as they provide
clues to probable stress regime variability associated with
specific styles of geological faulting.

Improving decision making

The lack of foresight of where adverse conditions can occur
is central to many of the problems encountered in deep
tunnel execution. It frequently clouds understanding to the
extent that errors and unnecessary uncertainties are intro-
duced into the decision-making process related to D&B ver-
sus TBM selection and even more so related to selection of
machine type, if a machine option is favored.

Further complications in the decision-making process relate
to the timing when making this key decision, as it needs to
be made 12-18 months in advance of actually starting tun-
nelling, so that sufficient lead time is available for building
the machine. However, often detailed project site investiga-
tions are incomplete, still ongoing or not even started when
this key decision is to be made. Furthermore, once the con-
tract is awarded to the contractor, generally after a long
and arduous tendering process, almost always insufficient
time and/or funds have been allocated to allow the contrac-
tor any opportunity for additional customized exploration to
support his own excavation technology selection procedures
before initiating equipment procurement.
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In nearly all projects, the tender exploration data, which
can be exceedingly variable in quality, is the only basis on
which to make equipment selection.

Furthermore, unlike many civil geotechnical tunnel works,
for subways and such like, because of the depth and length
of many deep mountain tunnels in mountainous terrain,
such as the Himalayas, investigating tunnel alignment is a
challenge all its own. In urban areas, tunnel investigations
frequently end up with boreholes on 50 meter centers or
closer along the alignment. This is impractical if not cost
prohibitive for deep mountain tunnels. As a result, heavy
reliance needs to be placed on gaining as best as possible
an appreciation of geological conditions at depth and along
the alignment.

On the scale of typical project risk reduction, even for the
most heavily investigated of deep tunnels, probably only
20-30% understanding of what was finally known was
available at the time decisions were already to be made
about D&B versus TBM and with respect to TBM type. While
this possible 70% lack of understanding arguably led to
many of the delays and cost overruns ultimately experi-
enced in Himalayan tunneling, it is important to note that
the extent of actual ground problem zones, given the length
of the tunnels, was quite minor, affecting less than 5% of
the length. And, if forewarned of such zones, their treat-
ment would only amount to a small fraction of the total cost
of the project.

Identifying the likely location and character of adverse geo-
logical structure is of paramount importance to early deci-
sion-making. The importance of good focused site investi-
gation cannot be over-emphasized as it is upon the data
acquired from early investigations that the decision must be
made between D&B and TBM or about what type of TBM. It
is clear that excavation of deep rock tunnels poses several
unique challenges that can be daunting, but all must be

addressed in the best possible manner when considering
potential TBM applications.

The key risks include:

— High rock stress leading to spalling or squeezing. Predict-
ing whether any given tunnelling situation will result in
conditions that will entrap a machine requires careful
evaluation of the likely alignment geology, geotechnical
properties and stress regime through which the tunnel will
be driven;

— High temperature. Temperature at the tunnel level de-
pends on the geothermal gradient at the project site. For
deep tunnels in young mountain belts, temperatures of the
rock and groundwater frequently can exceed 40°C;

— High-pressure groundwater. While generally deep tun-
nels are well below the groundwater table and thus can be
at high pressure, due to the depth and high in-situ stress,
most rock fractures are tight, thus inflows are generally not
a problem. The exception is faults and tectonized zones
where unusually low stress states can exist. Groundwater
inflows from such features can vyield significant water under
appreciable pressure; and

— Access and logistics. Not only does this issue affect
schedule and costs, it can adversely affect tunnelling effec-
tiveness and in rare situations even stability due to lack of
rock support/segments when a crucial fault zone is encoun-
tered. Where use of a TBM is being contemplated, compo-
nent sizing (for transport along tortuous mountain roads)
and machine assembly must be considered, Ancillary
equipment supply (for conveyors, shotcreting and grouting
gear) and just the continuous maintenance of material that
must be routinely supplied can be significant issues. The
progress of a state-of-the-art TBM has in a number of cases
been reduced severely by lack of support supplies, such as
segments, mesh and rockbolts.
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Many case records of difficult tunnelling through complex
ground conditions in mountainous areas — particularly as-
sociated with faults and often with mud and debris flows
into the tunnel — have been reported through the history of
mountain tunnelling. Case records dating to the turn of the
20th century indicate the extensive use of bypass tunnels
to navigate around the most difficult fault zones. For exam-
ple, in July 1908 in the 14.6 km-long old Lotschberg railway
tunnel (now called the apex tunnel to distinguish it from the
recently completed base tunnel), during construction
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through faulted ground a section collapsed, killing 25. The
collapsed section was reportedly beyond repair, so a bypass
tunnel was driven around the site of the disaster.

Few collapses these days end with fatalities, especially
where TBMs are employed, but the magnitude of today's
inrushes and collapses are, nonetheless, just as dramatic,
and the need for bypass tunnels remains, with several re-
cent examples evident within both D&B and TBM-driven
tunnels. One recent classic case occurred on the Gibe II
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project in Ethiopia. In this case, significant multiple mud-
flow events occurred, initially burying a state-of-the-art
Universal Double Shield machine until it could be extricated
and refurbished.

The scope of the problem when it was encountered was
completely <. More than 30 long exploratory drillholes and
significant exploratory and bypass drifting was completed to
develop a scheme that could successfully advance the TBM
though this difficult zone. Arguably this again poses the
same typical question — could the problems have been
foreseen using regular probe drilling and, if so, what could
have been done differently?
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For complex ground conditions, about 6% of the engineer’s estimate of
capital expenditure should be spent on investigating ground conditions. J

In more difficult ground conditions, such as those encoun-
tered in the Himalayas, with minimal investigation comes
the wider risk of the TBM getting trapped by adverse
ground conditions — either as a result of squeezing or
spalling/bursting conditions or because of ground collapses
associated with rockfalls or with running or flowing ground
within faults, always in these cases complicated by heavy
water inflows. To reduce these risks to an acceptable level,
considerably more investment must be made in the hydro-
power design process in these complex mountainous re-
gions. Significant reduction of real risk can only be achieved
through more investigative effort, not through design re-
finement (see Figure 1). Cost and schedule analysis of past
case records suggests that for complex ground conditions,
some 5% of the engineer's estimate of capital expenditure
is required to be expended on investigating ground condi-
tions to push the process in the right direction (see Figure
2).

Dr. Trevor Carter is principal - Rock Engineerin g Division of
Golder Associates in Toronto, Ontario, Canada.

http://www.hydroworld.com/index/display/article-
display/7984412578/articles/hydro-review-worldwide/vol-
19/issue-3/articles/construction/successful-tunnelling-in-
challenging.html
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NMPOZKAHzH YNOBOAHZ
YNOWH®IOTHTQN IN' A
THN 2ZYMMETOXH 2TO
5iYGEC'13

5™ INTERNATIONAL YOUNG GEOTECHNICAL
ENGINEERS' CONFERENCE

Ecole des Ponts ParisTech, France

31 Augusi - 1 September 2013

Dear Colleagues of Member Societies,

Following on my invitation letter of March 9, 2012, the fi-
nancial situation has been improved for the organization of
our Fifth International Young Geotechnical Engineers’ Con-
ference (5iYGEC'13). This allows the organizing committee
to modify the previous offer for both the nominated (two
per Member Society) and non-nominated participants, as
follows:

(1) Nominated participants

We will be able to provide (in addition to participation at the
Conference):

- lunch during the conference time

- banquet

- two-day travel pass in Paris

- two-day participation at the main Conference Paris 2013
- hotel for five days (from 30 August to 4 September 2013)

The corresponding registration fee is 320 Euros.

The registration fee for participants organising their
own accommodation will be 200 Euros.

(2) Non-nominated participants

We will be able to provide (in addition to participation at the
Conference):

- lunch during the conference time
- banquet
- two-day travel pass in Paris

The corresponding registration fee is 320 Euros.

In addition, for a better organization of our 5iYGEC'13, the
organizing committee has decided to slightly modify the
deadlines for papers, as follows:

- Abstract: November 30, 2012

- Full-length paper: February 28, 2013

- Notification of acceptance: April 30, 2013

All submission will be done through the conference website:

http://www.lepublicsystemepco.com/events.php?IDManif=6
96

Sincerely yours,

Prof. Yu-Jun Cui, September 21, 2012
Chair

Me Bdon Ta napanavw kaloUvTal ol evilapepdUEVOl va uno-
Baiouv otnv ypappareia ™mg EEEEM
(secretariat@hssmge.gr) péxpl Tnv 15" NoeuBpiou 2012
nNePINAYEIG TwV ApBpwv Toug. H EkTeAeaTikny EmiTponn Tng
EEEEIM 6a kaAéon Tnv apupddia eniTponn Kpiong Twv nepi-
AWPewV va eMAEEN TIG ENIKPATECTEPEG TECOEPIG (4), and TI¢
onoieg Ba eniAeyouv ol dUo (2) nou Ba anotelolv TNV €ni-
onun eknpoownnon Tng EEEEMM.

H unoBoAn Twv NepINAYEWY oTNV 10TOGEAIda Tou cuvedpiou
Oa yivn povov péow Tng EEEErM.
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OEZEIZ EPrAzIAz
N'A TEQMHXANIKOY2

Senior Tunnel Engineer - Singapore ($80-100k SGD)

A major new Cable Tunnel project is underway in Singapore
with designers sought to work with a major MNC here as
the works get going.

Key Responsibilities:

a. to familiarise with BTS requirements

b. design of segment lining design : sacrificial and perma-
nent

c. designing, coordination, design support of tunnel cross
passage using mining methods.

d. coordination and preparation of design of ground treat-
ment in consultation with contractor

e. underpinning of structures due to tunnelling works

f. coordination of tunnelling works submission

g. instrumentation and damage assessment due to tunnel-
ling works

h. attending meetings and drafting replies to contractors
request

i. adhoc site visit to trouble shoot site issues.

Technical:

Relevant tertiary qualifications in Civil Engineering
Chartered qualified preferred

Circa 10 years of relevant experience in the design of
tunnel projects (Singapore experience would be a dis-
tinct advantage)

Track record in tunnel design and up to date experience
of tunnel projects and procedures

Key Competencies:

Knowledge, Experience & Skills

Ability to consult with others to develop the level of
knowledge required for the role

Identifies own training and development needs, ways to
meet these needs and shares knowledge with others

Contact:

Greg Brooks +65 9021 8276, Greg.brooks@amida-
recruit.com
Amida Global Pte. Ltd.
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ANAZKOIMHzH
FEFTONOTQN
FEQTEXNIKOY
ENAIA®GEPONTO2

Shaking the Foundations of Geo-engineering
Education
A1EOVEG OUVEDpIO Yia ThV Eknaidsuon Tou FE®wTeEXVIKOU
MnxavikoU
4-6 IouAiou 2012, NUI Galway, Galway, Ireland

OAokAnpwBnkav We emiTuyia ol gpyaacieg Tou digBvolg ouve-
Opiou vyia Tnv Eknaidsuon Tou TlewTexvikoU MnxavikoU
“Shaking the Foundations of Geoengineering Education”,
nou gyive otnv F'koAyouel (Galway) Tng IpAavdiag oTig apxEg
IouAiou 2012. Eixav nponyn®Bei dAAa dUo digbvr) ouvedpia
ME napep@epn BepatoAoyia, To 2000 oTtnv Zivaia Tng Pou-
Maviag kal To 2008 ortnv KwvoTavtla, ndAl otnv Poupavia.
To TpiTOo dIEBVEG OUVEDpPIO Yia MpwTn (opd cuvdlace aTn
BepaToloyia Tou KaAEG NPAKTIKEG OTNV €KNAISEUCN TOU YEW-
TEXVIKOU PNXavikoU HE €peuvnTIKG anoTeAéopaTa og BEuarta
didaokaAiag kar padnong (teaching and learning). Ta oup-
nepdoparta and To ouvédplo Ba oupnepIAN®BoUV OTnv Te-
AIkn €kBeon yia Tnv TeTpaegtia 2009-2013 Tng Texvikng Eni-
Tponng yia Tnv Eknaideuon tTng ISSMGE, TC306, Ta Kupia
MEAN TNG onoiag aneTéAecav TNV OPYAVWTIKN ENITPONT Tou
ouvedpiou. Ta NPAKTIKA TOU CUVEDPIOU £XOUV KUKAOPOPNOEI
ano Tov €kdoTIKO oiko CRC Press (McCabe, B., M. Pantazi-
dou and D. Phillips (Eds.), 2012, Shaking the Foundations
of Geoengineering Education, ISBN 978-0-415-62127-4 kal
oe e-book: ISBN 978-0-203-08306-2), kal 6a sival eAeuBe-
pw¢ diabeoipa oto diadikTuo WeTd To 2014. Avapeoa OTIG
ONMOCIEUCEIC TWV NPAKTIKWV, EEXWPICOUV 01 MPOTKEKANUEVEG
oMINieg Twv Brian Simpson (Equilibrium, strength, strain
and superposition) kar Richard Felder (Engineering educa-
tion: A tale of two paradigms), nou €dwaoav Tnv onTIKA Yw-
via TG Npa&ng kal TnG €peuvag oTnv €knaidsucn Tou pnxa-
vikoU, avTigToixa. Tnv EAAGda eknpoownnoav oTto ouveédplo
ol Mapiva MavTalidou, EMM (pEAOC TNG 0OPYAVWTIKAG EMITPO-
nng), Katepiva Xapaiapnidou, OTM AE kar lMNwpyog Ava-
yvwaoTtonoulog, OTM, AE.

Ol CUPPETEXOVTEG 0TO ouvedpIo “Shaking the Foundations of
Geoengineering Education”, Galway, IpAavdia, 4 IouAiou
2012.

Mapiva MavTagidou
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NMPOZEXEIZ
EKAHAQZEIZ
FEQTEXNIKOY
ENAIAGEPONTO2
2THN EAAAAA

EEM®
GCOLD

EAAHNIKH ENITPOMH MEFAAQN ®PAMATQN
A=ONOZYMMETPIKA ®PAIMATA ZKAHPOY
ENMNIXQMATOZ
6 NosguBpiou 2012, EMIN

H EEM® oac npookaAei otnv Huepida nou dlopyavwvel Pe
0¢pya «ASONOZYMMETPIKA ®PArMATA ZKAHPOY E-
MNIXQMATOZ>», n onoia Ba AaBel xwpa otnv aibouca TeAe-
TwV Tou KTipiou Aloiknong Tou EMMN, Tnv Tpitn 6 NoguBpiou
2012, anod TIG 5up £wg TIG 8.30 [.J.

2TOX0G TNG Huepidag eival va napouciacbouv ol Bacikeg ap-
XEC oXedIaopoU TWV AEOVOUETPIKWV PPAYHATWV OKANPoU &-
NIXOPATOG KaBWG Kal EPREIpieg and TNV KATAOKEUR TOUG.

H sicodog oTnv Huepida sival eAeUBepn KAl N CUUKETOXN 0ag
Kpiveral 181aiTepa onpavTikh Kal agoiBaia xpnoiun, agou 6a
EXETE TNV €UKAIPIA VA eVNUEPWOEITE aAAG Kal va EKPPACETE
TIC NAPATNPAOEIG KAl anOWEIG 0ac.

, , _ Epneipieg and tnv
. AnunTpng Koupou KATAOKEUN TWV
19:10 - Aog aypaTwv Tng Mu-
19:25 TexVIKOG ZULBOUAOG Ppavu M 'ef]C
lMoioTikoU EAgyxou Kkovou Mapabi kai
Avw Mepa
Euneipieg anod tnv
. 21éA10G DeAéKkoOG KATAOKEUN TWV
19:25 - . , \ ,
: Texvikog ZuBouirog PPAYHATWV ZTEVOU
19:40 ., f \ .
lMoioTikoUu EAgyxou >epigpou kal AiBaiou
TpikGAwv
EuayyeAog Maupay-
Kakng
EnmiBAenwv Kartaokeung | Euneipieg ano Tnv
19:40 - Mix. ZTepadoupog KATAOKEUR TOu
19:55 TexvIkOG ZUuBouAoc @payuartog Baloa-
lMoioTikoU EAgyxou pioTn, KpAtng
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2% I TV PG A TIREETE W IMHE FEAN I ERE

MPOZKAHZH ZTHN HMEPIAA NEQN EPEYNHTQN
TOY E.T.A.M.
©@&ecoalovikn, 7 AskepBpiou 2012

www.etam.gr
AE10TING MEAN/ ®ilol Tou ETAM,

To EAANVIKO Tunua AvTiogiopikng Mnxavikng (E.T.A.M.) di-
opyavwvel, uno Tnv aiyida Tou TunuaTtog MoAITIkwv Mnxavi-
KOV TNG MOAUTEXVIKAG ZXOANG Tou ApioToTeAsiou Maveni-
oTnuiou ©gooalovikng, nuepida nou anguBUVETaAl AMOKAEI-
OTIKA Kal HOVOV OF VEOUC EPEUVNTEC, HE TITAO:

H ANTIZEIZMIKH MHXANIKH MEZA ANO THN ENI-
ZTHMONIKH MATIA NEQN EPEYNHTQN KAI MHXANI-
KQN

ZKonog TNG nUeEPidag ival n avadeign kai n 8idxuon Tou &p-
YOU TNG VEAC YEVIAG EPEUVNTAOV Kal PNXAVIKOV (MEAGDV 1 Wn
Tou ETAM), n yvwpipia kabwg kai n avanTtugn oxéoewv ouv-
epyaociac peTa&l Toug. H nuepida anesublveral o onouda-
oTeG (MeTanTuxiakoUg, unown®ioug JI0AKTOPEG), ot d1dd-
KTOPEC (£wg Kal 6 xpodvia WETA TNV anoKTnon Tou TiTAou),
Kabwg KAl ot EPEUVNTEG ) €NAYYEAUATIEG PNXAVIKOUG KATW
TwV 38 €TV.

H nuepida Ba npayuaTtonoinBei otnv ©goocalovikn TNV 7n
AekepPpiou 2012 oTo Kevrpo Aiddoong EpeuvnTikwv AnoTe-
Aeopatwv  (KE.A.E.A) Tou ApioToTeAgiou MavenioTnuiou
©egooalovikng.

NeNTOMEPEIEG YIa TNV nuepida napartiBevral oTnv 10To0EAIdA
Tou ETAM kai oto TeUxog 45, Maiog 2012 Twv «NEQN THX
EEEEMM».
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MANEAAHNIO ZYNEAPIO
IZTOPIAZ TQN ENIZTHMQN KAI THZ TEXNOAOIIAZ

MPOZKAHZH EKAHAQZHZ ENAIA®EPONTOZ

H Etaipeia MeAéTng kai Ailadoong Tng loTtopiag Twv EnioTn-
Mav kal Tng TexvoAoyiag (EMAIET) kai To Tunua Mebodo-
Aovyiag, IoTopiag kal @swpiag Tng EmotAung (MIGE) Tou
MavenioTnuiou ABnNvwv dlopyavwvouv MaveAAnvio Suvedpio
IoTopiac Twv EmoTnpov Kal TG TexvoAoyiag oTic 28, 29 kal
30 MapTiou 2013 oTnv ABrva.

META TO NMPWTO EMNITUXNHEVO OUVEDPIO VEWV EPEUVNTWOV TO
2011 omnv ABrva, n EMAIET oe ouvepyaocia pe To MIOE
anodaioe va kabiepwoel Tn dlopyavwaon ouvedpiou Kabe
dUo XpoOvia, anookon®vTag oTnv KaAAIEpyEId GUVONKWV Mou
0a @épouv ot enar PeTa&l Toucg 'EAANVEC €peuvnTEC ano
TOV XWPO TNG 10TOPIAg TwV EMNIOTNHWV Kal TNG TEXVOAoyiag,
Kabw¢ kal ouyyevwv KAadwv, nou spyalovtal otnv EAAGSa
r To €§wTEPIKO.

H kevTpikn BgpaTikr) Tou QeTIVOU ouvedpiou eival «Eupwnn
- EniotAun - TexvoAoyia».

'‘Ocol evdiapEpovTal kaloUvTal va unoBAAouv OXETIKA Npo-
Taon yia avakoivwon. MpoTaceig nou Jev €uninTouv oTn
BgpaTikn auTh pnopoUv €niong va unoBAnBouv. SnUeEI®VETal
o1l evBappuvovTal 131aiTEPA ol NPOTACEIG YId TNV 0pyAvwon
ouvedpI®V' yia OAec npoBAEéneTal n Unap&n oxoAlaoTn. Te-
Aog, npoypappaTtileTal n dnMOCIEUCON TWV AVAKOIVWOEWV
META and diadikacia a&loAdynong.

O1 evdlaQEPOUEVOI KNOPOUV va unoBAAouV TIC MPOTACEIG
TOUG NAeKTpOVIKA PE Ta eniouvanTopeva deATia pexpl Tig 30
OkTwBpiou 2012 oTn distBuvon info@emdiet.gr.
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2° NMANEAAHNIO ZYNEAPIO ®PArMATQN KAI
TAMIEYTHPQN
2xediacpog - Alaxeipion - NepiBaAiov
AOnva, 6 - 8 NogupBpiou 2013
www.eemf.gr

H EAAnvIkn Enimponn MeydAwv ®payudtwv (EEM®) Siopya-
vavel To 2° NMaveAARvio Suvédpio Ppaypatmv kai Tapi-
EUTNPWV OTIG 6, 7 & 8 NogupBpiou Tou 2013 oTnv AOnN-
va.

H anaitnon yia opBoAoyikr diaxsipion Tou udaTikoU duvapi-
koU €ival geyaAuTepn napd noTé. TIG au§avOoueveg avayKeg
yia Udpeuon, apdsuaon, svEPYEIa KAl MANUUUPIKA npooTaaia
npoaoTiBeTal oAoéva Kal nio EMNITAKTIKA N avaykn yia npoora-
oia kal enavaTpo@odoTnan TWV UNOYEIWV USPOPOPEWV Kal N
avaBaluion kai NpooTacia Twv NOTAMIWV KAl AIvaiwv oIko-
OUCTNHATWV.

O pOAOG TWV PPAYHATWV KAl TAMIEUTAPWY €ival KOUBIKOC yia
TNV AVTIHETOMNION TWV aVWTEPW. H xwpa pag, av kar kabu-
oTéPNoe onuavTikd oTnV eKPETAAAEUon Tou uddTivou duva-
MIkoU, €XE€l KATAOKEUAOEl TIC TEAEUTAIEC MeEYAAo aplbuod

(PPAYUATWYV, KAl TAUIEUTAPWY EVD £vag HEYAAOG aplBuog ve-
WV €PYWV €ival TwPa 0€ PpACn PHEAETNG I UAOMOINONG.

Ta ¢payuaTa kai ol TadIEUTAPES €ival noAUnAoka €pya e
NOAAEG OUVIOTWOEG Nou dNUIOUPYOUV auEnuEVEC anaitThosig
KaTa To oxediaguo, TNV uAonoinon kai Tn AsiTtoupyia Toug. O
osBaopog oTo nepIBAAAov, n oAokAnpwuévn diaxeipion Twv
udaTIKWV NOpWV, N XPHON VEWV TEXVOAOYIWV, N HAKPOXPO-
vid CUMnEPIPOPA Kal ac@dAeia, n €uBlvn Tou Kupiou Tou
£pYOU N Tou JIAXEIPIOTA Yia TV aoQaAn AsiToupyia Twv €p-
ywv, €ival Bépata ora onoia Ba enikevTpwBoUV oI epyaaieq
Tou ouvedpiou.

Sag KaAoUWPE va CUPMPETAOXETE OTO 2° nMaveAAAvIo GUVEDPIO
(PPAYHATWV KAl TAMIEUTAPWY KAl VA QAroOCTEIAETE €PYATieg
OXETIKEG ME TO BepaToAOyIo Nou napoucialeTal NapakaTw.

OepartoAdyio
1. ®paypara, TapieuTnpeg kal NMepiBaAAov

o  ®INIKEG NPOG TO MEPIBAAAOV KATAOKEUEG PPAYMATWV
Kal TAUIEUTHPWV

e KoIlvwvika anodekTdg oxedlaopds ppaypdTwy Kai Ta-
MIEUTAPWV

e [epIiBaAAovTIKOi OpoI, ENINTWOEIC KAl KOIVWVIKG OQE-
An

o TeplopiopdG USPOHOPPOAOYIKOV AAAOIWOEWY Kal ai-
oBnTIKNA anokaTdoTacn nepIBAAAovVTOG

e EpMAOUTIONOC - AMOKATAOTACN UMOYEIWV UDPOPOpPE-
wv, dnuioupyia uypoBIOTONWY AVTINANUUUPIKE MNpo-
oTacia K.Am.

e AlaTApnon Kail BeATiwon noldTnTag udaTikwv Nopwv
o  ®depTEC UAEG

2. ®dpayparta kai oAokKAnpwHEVN Jlaxeipion udaTik®V
nopwv

e Alaxeipion udaTikwv nopwv Ot €ninedo Aekavng d-
noppong

e OI TAUIEUTAPEG WG £pya Blaxeipiong udaTikwV NoOpwvV
noAAanAou okonou

e TEXVIKO-OIKOVOMIKA KPITHAPIa uAonoinong vEwv ¢pay-
HaTwVv

e O pOAOG TWV PPAYHATWV OTOV EVEPYEIAKO OXESIAONO
- ZUYXPOVEG TATEIG KAl TEXVOAOYIKEG €EEAIEEIG

e TapieuTnpeg kai UBPIdIKA CUOTANATA NAPAYWYNG EV-
£pYEIag

3. AoQdAsia QPayHAaT®V Kal TAHIEUTHPWV

e Kavoviouoi WPEAETNG, KATAOKEUNG Kal AsiToupyiag
PPAYHATWV

e H npdtaon Tng EEM® yia Tnv oUvTagn €BvikoU kavo-
VIOHOU ao@AaAeiac ppayuaTtwy.

e Kivduvol oXeTI{OPEVOI PHE MPOBAANATA OpYAVWONG TOU
KUpiou - JIaxeIpIoTH ToU £€pyou

e AnaiTnosic napakoAolBNong ocuunePIPopac
e AvaAloeig 8palong PpAayHaTog Kal eNMNTWOEIG

e Makpoxpovia CUUNEPIPOPA Kal KivOUVol OPEINOHEVOI
oTn YAPaveon Twv epaypatwv

e Kivduvol opeiAdpevol os aoToxiec H/M g€onAiouou
e T[apouciacn nNpoceAT®WV CUPBAVTWYV i} NEPICTATIKWOV
e OpdaypaTta , TAHIEUTNPEG Kal dNUOCIa aoPAAela
e AO(MAANG NAPOXETEUON EKTAKTWV MANUUUPIKWV NApo-
XWV KATAvTn — anaitThosig opioBETNONG TNG KoIiTNG
4. E&eAi&eig oTIg HEOODSOUG OXESIAOHOU & KATACKEUNG

e YAIKG KaTaokeung ®paypdtwyv, PEBOdOI KATAOKEURG,
VEEG TEXVIKEG
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ExTiunon, enihoyn kal avabewpnon NANPPUP®V OXE-
diaouou

ngéluouéq UnePXEINIOTOV — avaBaduion unepxelAl-
oTWV

H enippor Twv MEwAoyIK®V ouvBnkwv oTo oXedIAoHO.
E€eAi€eig oTo MewTEXVIKO OXEDIAONO

EEeAi€eig oTov avTioeiopikd oxediaouo

EEeAieig oTov H/M €€onAiouo

5. Mapouagiaon épywv

Kpiolueg NUEPOUNVIEG YIa TNV ANOCTOAN €pYAcI®V:

YnoBoAn nepiAnyewv: 15 OkTwppiou 2012
Anodoxn nepIAfyewv: 30 NoguBpiou 2012
YnoBoAr nAnpoug keipevou: 30 AnpiAiou 2013
Anodoxn nAnpoug Kelpévou: 30 Iouviou 2013

0Odnyiegc yia TNV anooToAn Twv nepIANWewvV Ba BpeiTe oTn
IoTo0€Aida Tng EEM® www.eemf.qgr.

O1 nepiAfyelg Ba anooTéAAovTal nAekTpovikd otnv SleUBuv-
on Tng EEM® eemf@eemf.qgr.
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NMPOZEXEIZ>
FEQTEXNIKEz
EKAHAQZEIZ

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

VOLSAM 2012 - Volcanism of the Southern Aegean in the
frame of the broader Mediterranean area, 10-12 October
2012, Santorini island, Greece,
http://volsam2012.conferences.gr

61. Geomechanics Colloquy "50 Years NATM", October 11th
and 12th, 2012, Salzburg, Austria, salzburg@oegg.at

O3 D
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The 4th International Forum on
Opto-electronic Sensor-based Monitoring in
Geo-engineering (4th OSMG-2012)
October 11-13, 2012, Nanjing University High-tech
Institute at Suzhou, China
http://osmg2012.acei.cn

With the rapid development in the construction of various
infrastructure engineering in China, the construction quality
of these structures and their safety operation are the main
concerns. To ensure this and prevent various potential dis-
asters, the improvement of the level of engineering moni-
toring technology is a necessity. Recently, the distributed
monitoring technologies, such as Brillouin Optical Time Do-
main Reflectometer (BOTDR), Brillouin Optical Time Domain
Analysis (BOTDA), Raman Optical Time Domain Reflectome-
ter (ROTDR), and Fiber Bragg Grating (FBG), have been
successively applied to geo-engineering monitoring. Due to
their apparent advantages, the development and applica-
tion of distributed monitoring technologies have become a
research focus and a key research topic in some developed
countries.

As the fourth forum following the 1st, 2nd and 3rd Interna-
tional Forums on Opto-electronic Sensor-based Monitoring
in Geo-engineering held by Nanjing University, China, in
2005, 2007 and 2010, respectively, this forum will focus on
the subject of distributed monitoring technologies and engi-
neering applications, about which related topics will be dis-
cussed and communicated. During the forum, some well-
known foreign and domestic scholars and experts will be
invited to give keynote lectures on up-to-date research
findings, hotspots and difficult subjects in the geo-
engineering monitoring field. An information release and

communication platform for new technologies and products
of relevant suppliers will be provided, as well.

MAIN TOPICS

e Recent development of distributed monitoring technolo-
gies

e Demodulation technologies for distributed opto-electronic
sensing network

e Data acquisition and wireless transmission technologies
for distributed opto-electronic sensing network

e Temperature compensation and abnormality recognition
for distributed opto-electronic sensing network

e Distributed monitoring technologies of geo-materials with
large deformation

e Development of special distributed sensing fibers and
cables

e Designing, installation and protection of distributed sens-
ing network in geo-engineering monitoring field

e Safety monitoring and diagnosis system based on distrib-
uted monitoring technologies

e Integration of distributed opto-electronic sensing network
in geo-engineering monitoring field

e Case study of engineering applications of distributed
monitoring technologies

e Key technologies of temperature monitoring using ROTDR

e Technical solutions of field installation and wireless data
transmission of FBG sensors

CONTACT DETAILS

Contact person: Hong-Hu Zhu Ph.D., Associate Professor
Address: Center for Engineering Monitoring with Opto-
electronic Sensing (CEMOES),

Nanjing University, 22 Hankou Rd, Nanjing, China
Postcode: 210093

Email: osmg2012@nju.edu.cn

Tel: +86-25-83597888 +86-25-83596220

Fax: +86-25-83596220

(C- 4R -0)

2nd International Symposium on Constitutive Modeling of
Geomaterials: Advances and New Applications (IS-Model
2012), October 15 and 16, 2012 Beijing, China,
www.csrme.com/ISMODEL/index.html

SAHC 2011, 8™ International Conference on Structural
Analysis of Historical Constructions, October 15 - 17, 2012,
Wroclaw, Poland, www.sahc2012.org

7™ Asian Rock Mechanics Symposium, 15-19 October 2012,
Seoul, Korea, www.arms7.com

37th Annual Conference on Deep Foundations, October 16-
19, 2012, Houston, TX, USA,
www.dfi.org/conferencedetail.asp?id=193

10" International Congress on Advances in Civil Engineer-
ing, 17-19 October 2012, 17-19 October, Ankara, Turkey
www.ace2012.metu.edu.tr

Montreal TAC 2012 - Tunnels and Underground Spaces:
Sustainability and Innovations, 17 - 20 October 2012,
Montreal, Canada, www.tac2012.ca
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6™ International Symposium on Roller Compacted Concrete
(RCC) Dams October 23 to 25, 2012, Zaragoza, Spain,
www.meetandforum.net/RCC2012

HYDRO 2012 Innovative Approaches to Global Challenges,
29 to 31 October 2012, Bilbao, Spain, www.hydropower-
dams.com

International Conference on Ground Improvement and
Ground Control: Transport Infrastructure Development and
Natural Hazards Mitigation, 29 Oct - 2 Nov 2012, Wollon-
gong, Australia www.icgiwollongong.com

Tangible Risks, Intangible Opportunities: Long-Term Risk
Preparedness and Responses for Threats to Cultural Heri-
tage - 2012 Theme: Reducing Risks to Cultural Heritage
from Natural and Human-Caused Disasters, 31 October
2012, Beijing, China, pamela.jerome@icomos.org)

IV Panamerican Landslides Symposium, 31 October - 2
November 2012, Boyaca, Colombia,
WWW.Scg.org.co/web%20IVSPD/img/IV-SPD-BOLETIN-
JULIO.pdf

6th Congress on Forensic Engineering, October 31 - No-
vember 3, 2012, San Francisco, USA
http://content.asce.org/conferences/forensics2012/index.ht
ml

ACUUS 2012 13th World Conference of the Associated Re-
search Centers for the Urban Underground Space Under-
ground Space Development - Opportunities and Challen-
ges, 7 - 9 November 2012, Singapore,
www.acuus2012.com

International Symposium on Earthquake-induced Landslides
November 7-9, 2012, Kiryu, Japan
http://geotech.ce.gunma-u.ac.jp/~isel/index.html

GEOMAT2012-KL, MALAYSIA Second International Confer-
ence on Geotechnique, Construction Materials and Envi-
ronment, November 14-16, 2012, Kuala Lumpur, Malaysia,
http://geomat2012.webs.com

O3 D
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Middle East Tunnelling 90
18-20 November 2012 * Renaissance Hotel Doha, Qatar

http:/ /www.middleeasttunnelling.com/homepage.as

The 2nd Annual MEED event is focussed on opportunities,
developments and challenges for tunnelling projects in the
Middle East - though the event will include speakers based
outside of the region. Due to the nature of the industry of a
number of the companies with particular expertise are from
outside of the Middle East - though because of the huge
volume of work being undertaken in places like Qatar,
Saudi Arabia and the UAE the region is arguably the most
attractive projects market in the world.

The event will focus on these main themes:

e Scene setting overviews (data heavy) of global tunnelling
industries and market value in the Middle East

e Project reports from key Middle East Tunnelling projects
(Qatar Metro, Doha Bay Crossing, Inner Doha Re-
Sewerage Integrated System IDRIS, Riyadh Metro, Cairo

Metro, Abu Dhabi Strategic Tunneling Enhancement Pro-
gram STEP)

e Examining specific challenges and lessons learnt from
different tunnelling techniques in the region (cut cover,
immersed tube, boring, microtunneling)

e Geotechnical challenges attached to tunnelling projects in
the Middle East (Groundwater, Ground topography, mate-
rials / equipment)

e Effective risk management strategies for tunnelling pro-
jects in the Middle East (contracting)

e Best practice for on-going maintenance of long tunnelling
projects (degradation, corrosion, technologies for extend-
ing life / lower costs, ventilation, drainage systems etc)

For further information please contact Jon Connell, Project
Leader, Tel: +971 4 3755010 Email:
jon.connell@meed.com

3 O
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20 November 2012, London, UK
www.ncetunnelling.co.uk

New Civil Engineer and Ground Engineering are proud to
announce details for their leading Annual Tunnelling
conference. An essential one-day event showcasing the
latest innovative technology and project opportunities in
the tunnelling sector.

e Tunnelling sector forecasting which includes such key
projects as Fehmarnbelt, Thames Tideway and HS2.

e In-depth information and operational experiences from
two major UK tunnelling projects: Crossrail and Lee
Tunnel

e About the successful application of the new and
innovative URUP (Ultra Rapid Under Pass) shield
tunnelling technology in Japan

e Debate whether SCL tunnel systems are better
delivered exclusively through Design and Build rather
then through Engineer’s design

e How the Monitoring and Tunnel Boring Machine
experts are responding to the ever complex demands of
the tunnelling industry - what are the increased
capabilities and the latest developments?

e ...and many more...
(C 480/

32. Baugrundtagung with exhibition “Geotechnik™, Mainz,
Germany, 26 - 29 November 2012,
www.baugrundtagung.com
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GEOSYNTHETICS ASIA 2012 (GA2012) 5th Asian Regional
Conference on Geosynthetics, Bangkok, Thailand, 10 - 14
December 2012, www.set.ait.ac.th/acsig/igs-thailand

First International Congress FedIGS, 12 - 15 November
2012, Hong Kong - China, www.fedigs.org/HongKong2012

2012 Forum on Urban Geoenvironment & Sustainable De-
velopment, 4-7 December 2012, Hong Kong, CHINA,
www.civil.hku.hk/ugsd2012/en/

GA2012 - Geosynthetics Asia 2012 5th Asian Regional Con-
ference on Geosynthetics, 13 - 16 December 2012, Bang-

kok, Thailand, www.set.ait.ac.th/acsig/GA2012

Forensic geotechnical engineering
www.editorialmanager.com/feng

Fourth International Seminar on FORENSIC GEOTECHNICAL
ENGINEERING, January, 10-12, 2013, Bengaluru, India,
Prof. G L Sivakumar Babu, isfge2013@gmail.com

Geotechnical Special Publication, ASCE “Foundation Engi-
neering in the Face of Uncertainty”. Abstracts to Mohamad
H. Hussein at: MHussein@pile.com.

Geotechnical Special Publication, ASCE "SOUND GEOTECH-
NICAL RESEARCH TO PRACTICE",
http://web.engr.oregonstate.edu/~armin/index_files/Holtz
GSP

Themed Issue on Geotechnical Challenges for Renewable
Energy Developments, Geotechnical Engineering 2013,
ben.ramster@icepublishing.com

Pam-Am UNSAT 2013 First Pan-American Conference on
Unsaturated Soils, 19-22 February 2013, Cartagena de In-
dias, Colombia, panamunsat2013.uniandes.edu.co

ICGE’13 3™ International Conference on Geotechnical Engi-
neering New Developments in Analysis, Modeling, and De-
sign, 21-23 February 2013, Hammamet, Tunisia
www.icgel3.com
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INTERSATIONAL COSFERENCE 4 LASDSLIDE ROR
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International Conference on«Landslide Risk>»
ICLR13
14 - 16 March 2013, Draham, Tunisia
http://www.iclr13.com/#HOME PAGE.A

Characterization of soil and rock slopes has improved con-
siderably over recent years with the continuous develop-
ment of prediction methods, monitoring and mitigation
techniques. However, seismic effects and dramatic climatic
changes, in part due to industrial human activities, make
the risk of landslides and their impact on the economical
and social activities a serious problem. Also, the population
concentration in risky zones increases the potential of criti-
cal consequences.

For these reasons important attention is given across the
word to landslide risk. Practical and research issues are

investigated, which range from prediction and modeling to
mitigation and efficient monitoring techniques.

In Tunisia landslides are present in numerous regions. They
strongly affect the traffic in many national roads. Recently,
on December 2011, in the northwest of Tunisia (Ain-
Draham, Beja, Tabarka, Mateur...) large-scale slope failures,
triggered by the rainfall, developed suddenly (around 210
cases). Many slopes collapsed catastrophically without prior
signs of warning. The mitigation of slope instability and its
associated damage remains an essential question for the
geotechnical profession in Tunisia. At present, few investi-
gations have been engaged to study the landslide initiation
and propagation or to study the rainfall infiltration. Specific
attention should be given to the “in situ” hydraulic and en-
vironmental conditions, namely the rainfall intensity and
evaporation flux as well as its cyclic nature.

The International Conference will promote the debate of
relevant issues among engineers and researchers in soil
and rock mechanics and in environmental fields. An impor-
tant challenge for scientists is not only to advance in the
knowledge on technical matters but also to promote the
teaching of these aspects in a wide sense and to increase
the awareness of public and local authorities, as well as civil
protection institutions, with regards to landslide risks.

OBJECTIVE

A main objective is to identify emerging developments in
the analysis, mitigation and monitoring technologies capa-
ble of generating successful methodologies to deal with
landslide risk and to contribute to the development of inter-
national standards.

The Conference will hopefully provide engineers and deci-
sion-makers with improved procedures for the quantitative
assessment of Landslide risk.

Special focus is given to:

1) Climatic change effects on slope behavior and the ef-
fects on the human activities.

2) Efficient prediction and modeling and related issues.

3) Optimization of tools to monitor and mitigate landslides
in different environments, especially in mountainous
zones.

The envisaged technical program will be developed around
three Workshop Sessions.

A) First session: Field Characterization and Mapping

- Advances in field surveying and mapping technologies

- Geomorphological survey

- Relevant soil properties. Field and laboratory characteriza-
tion

- Screening and macro-zonation methodologies

- Risk criteria and its evaluation

B) Second session: Prediction and Modeling

The session is dedicated to the development of theoretical
and numerical modeling applied to soil and rock slopes.
These methods should help engineers understand the phys-
ical processes of landslides and improve the quality of the
prediction tools. The session includes the following topics:

- Stability in rock masses and hard soils/soft rocks
- Progressive failure

- Soil-atmosphere interaction. Extreme events

- Slopes in unsaturated soils

- Earthquake triggering of landslides

- Back analysis of field cases
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C) Third session: Mitigation and monitoring tech-
niques

1) Practical mitigation solutions for landslides/slope stabil-
ity problems:

- Drainage
- Passive works
- Anchoring techniques and piles

2) Advances in monitoring techniques:

- Field monitoring

- Interferometric radar technologies

- Satellite platforms

- LIDAR techniques (or Laser Scanner Techniques)
- Cases studies

GUIDED TOUR

The following visits are planned during the Conference:

- Visit to the sites of important landslide cases in the
“Ain-Draham” region.

- Visit to the Roman cities of Bellarejia, Chemtou and
Dogga

CORRESPONDENCES

Professor Mehrez Jemei

National Engineering School of Tunis, The Civil Engineering
Laboratory, BP 37, Le Belvédére 1002 Tunis. Tunisia,

Tel : 216 (98) 665 556, Fax:+216 (71) 872 729

For any scientific information address to:

iclr2013@gmail.com
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TU-SEOUL 2013 International Symposium on Tunnelling
and Underground Space Construction for Sustainable De-
velopment, March 18-20, 2013, Seoul, Korea
www.tu-seoul2013.0rg

International Conference on Installation Effects in Geotech-
nical Engineering, 24-27 March 2013, Rotterdam, The
Netherlands, http://geo-install.co.uk

EURO:TUN 2013 Computational Methods in Tunneling and
Subsurface Engineering, 17-19 April 2013, Bochum, Ger-
many, www.eurotun2013.rub.de

O3 D

From geological conditions to nhumerical model-
ing of underground excavations

>T1a nAaioia Tou 3™ International Conference on Computa-
tional Methods in Tunneling and Subsurface Engineering
(EURO:TUN 2013), nou 6a diegaxOn oto Ruhr-University
Bochum, Germany, Tnv nepiodo 17-19 AnpiAiou 2013, diop-
YavwveTar ano Tov To PéAog Tng EEEEMM kai kaényntr otnv
Zx0An Mnxavikwv OpukTwv Mopwv Tou MoAutexveiou Kpr-
NG Ap. Nwpyo EEaddkTulo £va mini ocupnocio HeE TiTAO
«From geological conditions to numerical modeling of un-
derground excavations».
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In this mini-symposium we shall discuss the topics of rock
mass and soil characterization, parameter identification and
upscaling as well as homogenization techniques, for subse-
quent numerical modeling of cutting with TBM or other
means, as well as for the assessment of the mechanical
behavior of underground excavations (deformability & sta-
bility). The classical FEM and BEM methods or more sophis-
ticated numerical methods like coupled DEM-FEM etc cannot
be effectively applied for predicting the behavior of open-
ings and excavation machines in "opaque-heterogeneous-
size dependent-nonlinear geological environments" unless
proper constitutive models and spatially varying/uncertain
material parameters are identified and effectively imple-
mented in the final 3D ground model ready to run in the
computer (in almost real-time?). Size effects of jointed
rocks, as well as of soils, models of heterogeneous & uncer-
tain grounds and material parameter identification as well
as constitutive testing of soils and rocks, almost real-time
rock-soil parameters identification and prediction during
excavation, real-life successful and unsuccessful case stud-
ies (e.g. tunnel failures like the recent Sao Paulo collapse
among many others) may be also discussed. Also we may
discuss the effectiveness of geostatistical methods or other
stochastic methods on catching the main trends in rock/soil
behavior behind the tunnel face and their coupling to 3D
numerical models. Emphasis will be also placed on coupled
analytical-numerical models for fast predictions and back-
analysis procedures.

Georgios Exadaktylos

University Professor

Director Mine Design Laboratory

Department of Mineral Resources Engineering

Technical University of Crete

University Campus, Akrotiri, GR 73100, Chania, Crete, Hel-
las

http://minelab.mred.tuc.gr/

tel: +30 28210 37690, 37606

mobile: +30 6942 061 885
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12th International Conference Underground Construction
Prague 2013, 22-24 April 2013, Prague, Czech Republic,
www.ita-aites.cz/en/conference underg constr/conference-
uc-2013
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CamrneE'vorule the
agacy of Ralph B. Peck

llinois

Selﬁ%‘-mwconron:m % k, .
Cas%Hi torjes im. '
otechnical Engin

Conference to Commemorate the Legacy of Ralph B. Peck,
7th International Conference on Case Histories in Geotech-
nical Engineering & Soil Dynamics and Symposium in Honor
of Clyde Baker, Chicago, USA, 29 April - 4 May, 2013,
http://7icchge.mst.edu
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IGS-Incheon 2013 - 5th International Symposium on Geo-
technical Engineering, Disaster Prevention and Reduction,
and Environmentally Sustainable Development, May 15-17
May 2013, Incheon, South Korea, www.geochina-
cces.cn/download/2013 5th Dsiaster prevention Bulletin

1.pdf

HF2013 Effective and Sustainable Hydraulic Fracturing - an
ISRM Specialized Conference, 20-22 May 2013, Brisbane,
Queensland, Australia, http://www.csiro.au/events/HF2013

Experimental Micromechanics for Geomaterials Joint work-
shop of the ISSMGE TC101-TC105, 23 - 24 May 2013, Hong
Kong, owlam@hku.hk

18™ SouthEast Asian Geotechnical & Inaugural AGSSEA
Conference, 29 - 31 May 2013, Singapore,
www.18seagc.com

O3 D

Second International Symposium on
Geotechnical Engineering for the Preservation
of Monuments and Historic Sites
30 -31 May 2013, Napoli, Italy
www.tc301-napoli.org

The conservation of monuments and historic sites is one of
the most challenging problems facing modern civilization.
It involves a number of factors belonging to different fields
(cultural, humanistic, social, technical, economical, admini-
strative), intertwining in inextricable patterns. In particular,
the requirements of safety and use appear (and often
actually are) in conflict with the respect of the integrity of
the monuments. In almost all countries of the world the
conservation is looked after by an official trained in Art
History or Archaeology. He has generally the control of any
action to be undertaken, and imposes constraints and limi-
tations that sometimes appear unreasonable to the engi-
neer. The engineer, in turn, tends to achieve safety by
means of solutions which appear unacceptable to the offi-
cial in charge of conservation, sometimes mechanically ap-
plying procedures and regulations conceived for new struc-
tures. It is evident that some equilibrium has to be found
between the safe fruition of a monument and the respect
of its integrity. The former task belongs to the know-how
of any well trained and experienced engineer, while the
latter one is more difficult, being the same concept of inte-
grity rather elusive.

The difficulty of the problem is increased by the lack of a
general theory, universally accepted and guiding the be-
haviour of the actors involved as the Mechanics does with
the structural engineer. The possibility of finding in practice
an acceptable equilibrium is linked to the development of a

TA NEA THZ EEEEI'M - Ap. 49 — ZENTEMBPIOZ 2012

shared culture. The International Society of Soil Mechanics
and Geotechnical Engineering contributed to this develop-
ment by an ad hoc Committee (TC 19 - Conservation of
Monuments and Historic Sites), that has been promoted
over 25 years ago by French and Italian engineers (Jean
Kerisel, Arrigo Croce). A number of international and re-
gional symposia have been organised, always with large
audience and lively discussions. A Lecture dedicated to
Jean Kerisel will be given for the first time at the next
International Conference on Soil Mechanics and Geotech-
nical Engineering to be held in 2013 in Paris. In this frame-
work, the Technical Committee (now TC301) is organising
the 2" International Symposium on Geotechnical Engineer-
ing for the Preservation of Monuments and Historic Sites,
which will be held in Napoli on May 2013. Its aim is that of
comparing experiences, presenting important achieve-
ments and new ideas, establishing fruitful links.

The contributions to the Conference should focus on the
following main themes:

1. Geotechnical aspects of historic sites, monuments and
cities;

. Past design criteria and traditional construction methods;

. Techniques to preserve ancient sites and constructions;

. Rehabilitation of heritage;

. Role of geotechnical engineering in preservation of cul-
tural and historical integrity.

abhwnN

Scientific secretariat

For general queries please contact:
info@tc301-napoli.org

For queries about paper submission please contact:

secretariat@tc301-napoli.org

or

Stefania Lirer (phone: +39 081 76 85915; email:
stelirer@unina.it)

Emilio Bilotta (phone: +39 081 76 83469; email:
emilio.bilotta@unina.it)

(C- 4R -0)

WTC 2013 ITA-AITES World Tunnel Congress and 39th
General Assembly “Underground - the way to the future”,
Geneva, Switzerland, May 31 to June 7, 2013.
www.wtc2013.ch

First International Conference on Rock Dynamics and Appli-
cations (RocDyn-1), 6-8 June 2013, Lausanne, Switzerland,
wWww.rocdyn.org

Strait Crossing Norway 2013 : Extreme Crossings and New
Technologies, 16-19 June 2013, Bergen, Norway
www.sc2013.no

O3 D
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SINOROCK 2013
Rock Characterization, Modelling and Engineer-
ing Design Methods
an ISRM Specialized Conference
18-20 June 2013, Shanghai, China
www.sinorock2013.0org

This is the third SINOROCK symposium: the first was held
at the Three Gorges Dam Project site in 2004; the second
was held at the University of Hong Kong in 2009. The Sym-
posium will concentrate on developing the rock engineering
design process through the linkage of rock characterisation,
modelling and design methods, including feedback from the
construction process itself. The Symposium is being held in
association with the 2011-2015 ISRM Commission on Rock
Engineering Design.

The Themes

= Rock Modelling

= Rock Characterisation

= Engineering Design Methods

® QOthers Aspects of Rock Mechanics & Engineering

For inquiries please contact

Dr Fei Tan

State Key Laboratory of Geomechanics and Geotechnical
Engineering, Institute of Rock and Soil Mechanics, Chinese
Academy of Sciences, Wuhan 2# Xiaohongshan, Wuchang,
Wuhan, China

Fax: +86 27 87198413

Mobile: +86 159 2632 4066

Email: sinorock2013@gmail.com

O3 D

STREMAH 2013 13" International Conference on Studies,
Repairs and Maintenance of Heritage Architecture, 25 - 27
June 2013, New Forest, UK,
carlos@wessex.ac.uk

TC215 ISSMGE - International Symposium on Coupled Phe-
nomena in Environmental Geotechnics (CPEG) - “From
theoretical and experimental research to practical applica-
tions”, 1 - 3 July 2013, Torino, Italy, www.tc215-cpeg-
torino.org

The 6th International Symposium on Rock Stress, 20-22
August 2013, Sendai, Japan,
http://www?2.kankyo.tohoku.ac.jp/rs2013

18™ International Conference on Soil Mechanics and Geo-
technical Engineering “Challenges and Innovations in Geo-
technics”, 1 - 5 September 2013, Paris, France
www.paris2013-icsmge.org

13" International Conference of the Geological Society of
Greece, September 5-8 2013, Chania, Greece,

www.egel3.gr

Géotechnique Symposium in Print on Bio- and Chemo-
Mechanical Processes in Geotechnical Engineering,
www.elabs10.com/content/2010001471/S1P%202013.pdf
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EUROCK 2013 ISRM European Regional Symposium
“Rock Mechanics for Resources, Energy and Environment”,
21-26 September 2013, Wroclaw, Poland
www.eurock2013.pwr.wroc.pl

VAJONT 2013 - International Conference Vajont, 1963 -
2013 Thoughts and Analyses after 50 years since the catas-
trophic landslide, 8-10 October, 2013, Padova, Italy,
http://www.vajont2013.info/vajont-pd

International Symposium on Design and Practice of Geo-
synthetic-Reinforced Soil Structures, 14-16 October, 2013,
Bologna, Italy, www.civil.columbia.edu/bologna2013

ANDORRA 2014 14th International Winter Road Congress
2014, 4-7 February 2014, Andorra la Vella (Andorra),
www.aipcrandorra2014.org

World Tunnel Congress 2014 and 40th ITA General Assem-
bly “Tunnels for a better living”, 9 - 15 May 2014, Iguassu
Falls, Brazil, www.wtc2014.com.br

O3

EUROCK 2014
ISRM European Regional Symposium
Rock Engineering and Rock Mechanics:
Structures in and on Rock Masses
26-28 May 2014, Vigo, Spain

Contact Person: Prof. Leandro Alejano

ETSI MINAS - University of Vigo

Dept. of Natural Resources & Environmental Engineering
Campus

Lagoas Marcosende

36310 Vigo (Pontevedra), SPAIN

Telephone: (+34) 986 81 23 74

E-mail: alejano@uvigo.es

(C- 4R -0)

8th European Conference “Numerical Methods in Geotechni-
cal Engineering”, Delft, The Netherlands, 17-20 juni 2014,
www.numge2014.org

Second European Conference on Earthquake Engineering
and Seismology, 24-29 August 2014, Istanbul, Turkey
www.2eceesistanbul.org

IAEG XII CONGRESS Torino 2014 Engineering Geology for
Society and Territory, IAEG 50th Anniversary, September
15-18, 2014, Torino, Italy, www.iaeg2014.com

10th International Conference on Geosynthetics - 10ICG,
Berlin, Germany, 21 - 25 September 2014 www.10icg-
berlin.com

ARMS 8 - 8th ISRM Rock Mechanics Symposium, 15-17
October 2014, Sapporo, Japan
www.rocknet-japan.org/ARMS8/index.htm

O3
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13" ISRM International Congress on Rock Mechanics
Innovations in Applied and Theoretical
Rock Mechanics
10 - 13 May 2015, Montreal, Canada

The Congress of the ISRM "Innovations in Applied and
Theoretical Rock Mechanics" will take place on 29 April to 6
May 2015 and will be chaired by Prof. Ferri Hassani.

Contact Person: Prof. Ferri Hassani

Address: Department of Mining and Materials Engineering
McGill University

3450 University, Adams Building, Room 109

Montreal, QC, Canada H3A 2A7

Telephone: + 514 398 8060

Fax: + 514 398 5016

E-mail: ferri.hassani@cGill.ca

(C- 4R -0)

st ©)

SEE
TUNNEL

PROMOTING TUNNELING IN SEE REGION

CMTE | 30-3m3018

World Tunnel Congress 2015
and 41st ITA General Assembly
Promoting Tunnelling in South East European
(SEE) Region
22 - 28 May 2015, Dubrovnik, Croatia
http://wtcl5.com

Contact

ITA Croatia - Croatian Association for Tunnels and Under-
ground Structures

Davorin KOLIC, Society President

Trnjanska 140

HR-10 000 Zagreb

Croatia

info@itacroatia.eu

(C- 4R -0)
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XVI ECSMGE 2015

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

The British Geotechnical Association (BGA) is pleased to
announce that it will be hosting the 16th European Confer-
ence on Soil Mechanics and Geotechnical Engineering at the
Edinburgh International Conference Centre from 13th to
17th September 2015. The conference was awarded by a
meeting of the European Member Societies on 13th Sep-
tember 2011 at the 15th European Conference on Soil Me-
chanics and Geotechnical Engineering in Athens, Greece.

You can view the BGA bid document at the following link:
http://files.marketingedinburgh.org/bid/ECSMGEELECTRON
ICBID.pdf

The conference website will be updated regularly as ar-
rangements for the conference progress. Please bookmark
it and visit regularly.

We look forward to welcoming you all in Edinburgh, one of
Europe's truly great cities, in September 2015.

Dr Mike Winter
Chair of the Organising Committee
mwinter@trl.co.uk
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EUROCK 2015
ISRM European Regional Symposium
64th Geomechanics Colloquy
7 - 9 October 2015, Salzburg, Austria
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International Society for Rock Mechanics

www.isrm.net

A Tribute to John Franklin, 1940-2012

Professor John Franklin passed away
on 6 July, after a prolonged illness
that he fought with wunparalleled
strength and courage. Those who
attended the ISRM Congress in Bei-
jing, last October, where John re-
ceived his Fellowship of the ISRM,
can confirm his perseverance and
dedication to our Society until the
limit of his capacities.

For the Geo-engineering community
and for the ISRM in particular this is a very sad moment.
Geo-engineering at large is poorer. John Franklin was a top
scientist, a successful practitioner, a strong leader and a
marvelous person. Those who had the privilege to know
him will never forget his dedication, his capacity to moti-
vate people, his brilliant mind and his insurmountable ca-
pacity to discover new research themes, or new working
methods. He was and will remain a guide for younger gen-
erations.

Of his lifetime accomplishments, he was most proud of his
association with the ISRM. He served as ISRM President
(1987-1991) and Chairman of the ISRM Commissions on
Testing Methods (1975-1987) and Education (1991-1995).
Among his uncountable contributions to our Society, John
has organised and directed the preparation of most of the
ISRM "Suggested Methods" for rock testing. On our website
you can find his lectures on Geological Engineering which
are still up to date after more than twenty vyears
passed. Click here to go to the video.

Xia-Ting Feng
ISRM President

New Delhi Asian Rock Mechanics Symposium
Keynote lectures now online

The videos and presentations of the keynote lectures of the
2010 ARMS held in New Delhi, India are now online. ISRM
members can watch the full length lectures, which are ac-
companied by the powerpoint presentations:

e Jan Christer Andersson, Rocha Medal Winner - Asp@ Pillar
Stability Experiment

e John A. Hudson - Underground Radioactive Waste Dis-
posal: The Rock Mechanics Contribution

e Maurice Dusseault - Deep Injection Disposal: Environ-

mental and Petroleum Geomechanics

e Shinichi Akutagawa - On Site Visualization as a New Pa-
radigm for Field Measurement in Rock Engineering

Herb Wang - Deep Underground Instrumentation and
Monitoring

Giovanni Barla - Progress in the Understanding of Deep-
Seated Landslides from Massive Rock Slope Failure

Yossef H. Hatzor - Modelling Dynamic Deformation in
Natural Rock Slopes and Underground Openings with
Numerical DDA Method

Claus Erichsen - Challenges in the Design and Construc-
tion of Tunnels in Jointed Rock

Guowei Ma and Yingxin Zhou - Rock Dynamics Research
in Singapore: Fundamentals and Practices

Xia-Ting Feng - Application of Intelligent Rock Mechanics
Methodology to Rock Engineering

John Read - The Large Open Pit Project

Click here to go to the videos page (login required).

ISRM lnternahuna] Sympusmm 2010

6th Asian Rock Mechamcs Symposium

23-27 October, 2010, New Delhi, India

Petroleum Geomechanics Commission
+ ANEW ISRM “PRE-COMMISSION” (2011)

+ ROCK MECHANICS IN PETROLEUM & GAS

> BOREHOLE STABILITY, EARTH STRESSES

» HYDRAULIC FRACTURING, WELL COMPLETIONS

» RESERVOIR GEOMECHANICS

» DEFORMATION AND MICROSEISMIC MONITORING
» DEEP WASTE DISPOSAL BY INJECTION

» STORAGE IN RESERVOIRS AND SALT CAVERNS

> CARBON SEQUESTRATION

ARMS 10, Daik], Kaynete Lacsurs
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Researchers develop field device for bridge
scour testing

Scour is the most common cause of bridge failure in the
United States and contributes greatly to bridge construction
and maintenance costs. Monitoring and mitigation is essen-
tial, but information to evaluate potential scour in erosion-
resistant soils is scarce. Because of time and cost con-
straints, most scour prediction methodologies do not ac-
count for the wide range of naturally occurring soils and
their resistance to erosion and scour.

To address the need for more reliable and practical meth-
odologies, researchers at the Federal Highway Administra-
tion’s (FHWA) J. Sterling Jones Hydraulics Research Labora-
tory at the Turner-Fairbank Highway Research Center
(TFHRC) in McLean, Virginia are developing a scour testing
field device. The project is made possible through an FHWA
Pooled-Fund solicitation with contributions from California,
Colorado, Kansas, North Carolina, New York, Texas, Utah,
Wisconsin, and the FHWA Federal Lands Highway.

“The device will have a confined column of continuously
flowing water directed downward and then horizontally
across the soils that are to support pier foundations,” ex-
plains Kornel Kerenyi, a senior hydraulics research engineer
in FHWA'’s Office of Infrastructure Research and Develop-
ment. “To determine the erosion rate, the shear strength of
the flow is reduced with the depth of advancing scour to
reflect the natural decay of the scouring mechanism.”

Through physical model testing, the device will be cali-
brated to identify the input energy needed to produce scour
depths predicted by equations for sand-bed channels. Ac-
cording to Bart Bergendahl, a senior hydraulic engineer in
the Central Lands Federal Highway Division, “the input en-
ergy will be scaled up for a prototype device and field tests
will run until equilibrium conditions are reached in the re-
sulting scour hole, or until some maximum period of time
has elapsed.”

One possibility for duration is the expected cumulative time
the foundation will be exposed to design discharge over
bridge life. In-situ soils will be exposed to energy necessary
to develop scour depth predicted by equations. Equilibrium
or maximum scour depth resulting from a field test that is
less than the predicted depth for a sand-bed channel will be
attributable to the erosion-resistant characteristics of in-
situ soils.

“The full-scale field device is envisioned to be a closed, re-
circulation and filtering system that will operate in both wet
and dry conditions while minimizing environmental im-
pacts,” says Kerenyi. “The column would be suspended
vertically from an overhead crane.”

Attached to the top of the column will be a weight sufficient
to propel the column into the soil, incrementally upon re-
lease, as in-situ soils are scoured away by the cutting head.
The progression of the cutting head and reductions in flow
rate and shear will be coordinated by sensors in the head
and computerized controls.

“The field device will be used for foundation analysis and
design in a manner similar to present-day soil borings,”
adds Bergendahl. “Testing will be conducted at proposed

foundation locations across the channel and floodplain area
at the site of a new bridge or replacement bridge.”

To adjust design scour depth predicted by equations for
sand-bed channels and to reflect actual erodibility of in-situ
soils at the bridge site, scour depth information resulting
from field tests will be used in conjunction with subsurface
soil boring information.

Currently a second generation, lab-scale device consisting
of an outer circular pipe column with a concentric cutting
head centered within the column is being tested.

“To contain incoming flow and minimize soil disturbance,
the outer pipe column will advance slightly ahead of the
cutting head,” Kerenyi explains. “The inflow enters the cut-
ting head-soil interface from around the perimeter of the
head, flows horizontally inward across the soil, and exits
vertically upward through an outlet in the center of the cut-
ting head, carrying the eroded material away with it.”

In initial testing, the cutting head has performed well. De-
signed to ensure a uniform horizontal shear and symmetri-
cal pressure distribution, it was created with 3-dimensional,
computational fluid dynamics modeling performed by the
super-computer at the Transportation Research Analysis
Computing Center at Argonne National Laboratories in Illi-
nois.

Looking ahead, Kerenyi and Bergendahl plan to pressurize
the lab-scale system to allow accurate control of flow and
shear at the cutting head to implement the shear decay
function. “This will define how the flow should be reduced
with depth,” says Bergendahl. “If we're successful, we can
begin on a prototype device and auxiliary components.”

Initially, the prototype will be used for field calibration. If
results are favorable, it can be used to test the erosion and
scour potential of a wide range of soils types to depths of
20 meters. More accurate estimates of scour in erosion
resistant cohesive, cementatious, and rock-like soils could
make foundation construction less difficult and expensive.

“This research will determine if a practical field testing de-
vice can be developed to optimize expensive bridge founda-
tion construction,” observes Kerenyi. “Preliminary results
are very encouraging. If successful, the payoff of such a
device will be limitless.”

For more information about the project, Vvisit
www.pooledfund.org/Details/Study/438.

(Federal Highway Administration, Rebuilding America’s In-
frastructure, September 14, 2012,
http://www.rebuildingamericasinfrastructure.com/article-
comments-

research-

ers develop field device for bridge scour testing-
1050.html)
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To vnoi avuymdnke
ZNMAvTIK CUCOMPEUCH HAYHATOG KATW ano To
NQaioTeIo TG Zavropivng

H TeAeuTaia €kpn&n Tou npaioTeiou onueiwBnke To 1950 Kkai
guvodeUTNKE ano 1I0XUpo TEICUO

O 6dAapog paypartog nou kpUBETAl KATW anod Tnv KaAdépa
NG =avtopivng dioykwOnke kata 10 pe 20 ekaToppUpia Ku-
Bika péTpa og diaoTnua 15 pynvov -gia avnouxnTikh Taon, n
onoia OPWG @aiveTal va €xel NAEOV OTAPATNOEl, AVAPEPOUV
gpeuvnTec TNG OEPopdng otnv emBewpnon Nature Geo-
science.

‘Onwg OeiXVoUV HETPROEIG SOPUPOPIKMY PavTdp Kal dEKTMOV
GPS atnv enigaveia Tou £ddgoug, n d10yKwaon Tou NPaioTei-
ou ouvexiZoTav ano Tov Iavoudpio Tou 2011, 6Tav kataypd-
(PNKE N NPWTN COEIOWIKA dpacTnpioTnTa €d® Kal 25 xpovia,
HEXPI Tov AnpiAio Tou 2012, ondte 0AOKANpPo To vnai Tng
SavTopivng ixe NA£ov avupwdei kaTa 8 €wg 14 ekatooTd.

«Av auTog 0 puBuog d1dykwaong ouvexiloTav yia Aiya akdua
Xpovia, o 0YKog [Tou payuaTog] 6a ATav avrioTolxog e Tov
OYKO MPONYOUHEVWY EKPNAEEWY TOU NPAICTEIOU» YPAPOUV Ol
EPEUVNTEG.

MovTEANO TNG KABETNG aviywwong TNG KAAJEPAG. H KOKKIVN
nepioxr oTo kevTpo (To vnoi TN Néag Kappevng) avuwwon-
Ke KaTda 15 ekatooTa (Mnyn: Michelle Parks / University of
Oxford)

H au&non, unoloyilouv, avTIOTOIXEI MEPINOU OTO MICO TNG
noodTNTAag Aapag nou aneAeubépwaoe To n@aioTeio aTtn didp-
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KEIO MPONYoUHEVWY HIKPWV €KPREEWY, ONWC aAuTr nou a-
vaoTaTwoe To vnoi To 1950.

Ta véa dedopéva «anoTeAoUV IoXUPN EVOEIEN OTI TO VEO €MEel-
00010 NPaIcTEIaKNG S1IA0TOANG €ival To HOVO ONUAVTIKO Mou
£XEl kKaTaypagei and Tnv €kpné€n Tou neaioTeiou To diAcTNNaA
1939-1941» enionuaivouv ol EPEUVNTEG.

Mposidonoiolv pdAioTa OTI «Ba ATav Aaboc va unoBEoel Ka-
VEIG OTI n onuepIvR Kataotaon avnouyiag dev B6a odnynosl
o€ €KpNEN>.

Mio kabnouxaoTikd €ival wWOTOOO TO OXETIKO OeATio Tumnou
nou avapTthOnke oTo JIKTUAKO TOMO Tou MavenioTnuiou Tng
OE@opdng: Ta dedopéva «dev anuaivouv OTI enikeITal €kpn-
En. H aAnBeia eivar 6T n n@aioTsiak dpacTnploTNTa EXEl
eEaoBevioel Toug TEAEUTAIOUG PAVEG».

Tnv idla enionpavon €kave oTo npakTopeio Bloomberg o
Mwpyog BouyloukAAkng, n@aioteioAoyoc Tou IvoTiTtoUTou
FewAoyik@wv kal MeTaAAeuTIKOV Epeuvmv, 0 onoiog 8ev OUp-
WETEIXE OTN VEa £peuva: «'OAn n dpacTnpIOTNTA MOU KaTa-
YPAPETAl TWPA AVTIOTOIXEI OTNV Kavovikr, Aavedavouoa ka-
TAOTACN TOU NPAICTEIOU» Eine.

leyovog sival navtwg OTI n osiopikn dpaatnpldTnTa, N €Kno-
pnn agpiwv kar n napapdp@won Tou £3APOUG NPOKAAEGAV
néPUOI TO evOIAPEPOV TWV YEWAOYWV Kal dev €ueivav ana-
paTAPNTEG and Toug vTonioug.

«ZTn JIGpKEId TWV EMIOKEWYEWV nediou OTn Zavtopivn TO
2011, £yive ep@aveg OTI moAAoi kATolkol gixav avTIAngOei
Mia aAAayn oTn oupnepipopd Tou nepaioteiou Toug. O1 Eeva-
YOI, Ol OMoiol ENICKENTOVTAl TO NPAIOTEIO APKETEC POPEC TNV
nNUEPA, ME evnUEPpWVAV yia aAAayEG oTnv nNoooTnTa TWV AE-
piwV WE EVTOVN OOMA MOU aneAeuBepwvovTav otV Kopugn,
N yia aAAay€G OTO XPWHA TOU VEPOU OE OPIOHEVOUG KOAMOUG
yUpw anodé Ta vnoia» avagépel n MigeN MNapkg, PEAOG TNG
€PEUVNTIKAG opadag otnv OEPopdn nou Ta&idewe oTn =av-
Topivn. MPoaBETEl OTI OPIGUEVOI And TOUG HIKPOOEIGUOUC Mou
npokaAoUoe To NPAioTEIO YivovTav avTiIAnnAToi OoTa €0TIATO-
pia anod To koUuvnua Twv MArtwv Kal Twv noTnpIinV oTd Tpa-
neqia.

MeyaAec ekpn&eig Tou n@aioTeiou TNG Onpag nioTevueTal OTI
oupBaivouv kaBs 10 pe 30 XIANIAdEG XpOVvIa, EVW HIKPOTEPEG
ekpneic onueimvovTav oTo NapeABOvV akopa kal kabe 14
xpovia.

To ngaioTelo €ival Naykooping yvwaoTd yia Tnv €kpnén Tou
170u aiwva n.X, pia and TIC I0XUPOTEPEG EKPNEEIG aTNV I-
oTopia Tng 'ne.

H evepyonoinon Tou N@AioTEiou NPOKAAECE TNV KATAPPEUON
TOU KpaTnpa Kal To oXnMUaTiogo kKaAdépag, Tng onoiag To O-
pIO AVTIOTOIXEI OTO VNGi TNC ZavTopivng onwc TN yvwpiloupe
onuepa.

To TooUVAMI NOU NPOKAAEDE n €kpnén €xel evoxonoinBei kai
yla Tnv €€a@dvion Tou MIVWIKOU MOAITIONOU OTn YEITOVIKA
KpATtn. To OIonIkO KUPA Ogv anokAEgieTal va €QTace HEXPI
TNV £pNHO TOU 2Ivd, TECOEPA XIAIOUETPA AMO TIG JECOYEIAKEG
AKTEG.

(Newsroom AOA, 10 >en. 2012, http://news.in.gr/science-
technology/article/?aid=1231212477)

MeydaAo «@OUCKWHA>» TOU HAYHATOG KATW ano
TOo NPAioTEIO TG ZavTopivng, cUNPWvVa HE Bpe-
Tavoug kai 'EAANVEG ENICTAHOVEG

O unoyelog BAAaPog Tou PaypaTog (TwV AIWPEVWY NETPWHA-
TWV) KATW and To N@aioTeio TNG ZavTopivng enekTddnke
onuavTika, kata nepinou 10 €wg 20 ekaToppUpIa KUBIKA He-
Tpa, HeTa&u Iavouapiou 2011 kai AnpiAiou 2012, cUpewva
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Me Bpetavolg enioTAPOVEG Twv navenioTnuiov tng OEpop-
dng kal Tou MnpioToA, og ouvepyacia Pe 'EAANVEG OUVADEA-
(OoUG TOoug anod To navenioTAuio ABnvav (TuRua Mewloyiag
& lewnepiBaAAovToc) kal To EBvikd MeTadBlo MoAuTexveio
(EpyaoTtipio AvaTepng Mewdaloiag).

Ol ENICTAMPOVEG EKTIMOUV OTI TO «(POUCKWHA®» TOU PAYHATOG
EXEl OYKO €wG 15 @opeg peyaAutepo and To OAupniakd =Ta-
310 Tou Aovdivou. H npooBnkn autoU Tou payupartog, ano
anoywn Oykou, BewpeiTal n onuavTikOTEPN Mou €xel AdBel
Xwpa ano 1o 1955, Alyo WETA TNV TeAeuTaia €kpngn Tou n-
paioTeiou.

O1 gpeuvVNTEG PE ENIKEPAANG TOV KABNYNTH n@aioTeioloyiag
NTENRIVT MAIA kKal TRV nPaioTeioAoyo MigEA Mapkg Tou Tun-
paTog MewenioTnuwv TG OEPopdng, kabwg kal Tnv TLoUAIET
MniykGg Tou Tunuatog MewenmoTnu®v Tou MnpicToA, nou
€Kkavav Tn oXeTIkn dnuooicuon oTo neplodikd "Nature Geo-
science", unoAoyioav 6T n d10yKWoN Tou YAyuaTog odrynoe
og avuywaon NG enipAaveiag Tou vnoioU katd 8 €wg 14 eka-
TOOTA OTO id10 Xpoviko diacTnud. O1 €nITOMNIOI UNOAOYIGHOI
oTn =avTtopivn £yivav We Tn Bondeia ikovwy and dopuopi-
KG pavTdp nou napesixav o Eupwnaikog Opyaviopog AlaoTh-
paTog (ESA) kai n Feppavikh Ynnpeoia AlaotnuaTtog (DLR),
Kabwg kal peTproswv GPS and To £da®og.

Av Kal Ta véa OTOIXEIa PiXVOuVv nePIOOOTEPO PWG OTN AEl-
Toupyia Tou n@aicTeiou (To onoio yUupw ota 1600 n.X. on-
MEiwoe pia and TIC PEYAAUTEPEC €KPAEEIC OTNV Maykoopia
I0TOpia, 0dNYWVTAg NiIBavwe oTnV KatacTpopr Tou MIvwikou
noAITiopol), oUPPWVa WE TOUG €peuvnTEG, dev diapwTilouv
yla To peilov epwTnpa: ndTe To nPaioTeio Ba ekpayei Eava.

To «lwvTaveua» TOU N@AICTEIOU KATAYpAPNKE oTnV apxn
Tou 2011 pe MIKPOUG oeigpolg, nou TpaBngav Tnv npoooxn
TV EANAVLV Kal EEvwv enioTnuovwy, Kabwg yia nepinou 25
XPOVIa €NIKPATOUCE OXETIKN Nouyia otnv kaAdepa. O1 HIKPO-
ocIohoi ouvodelTNKav anod OPICHEVEC AAANEC MEPIOTACIAKEG
evoeielg, dnwg aAAayeg OTo XpwHa TOU VEPOU OE OpIoHEVA
onueia kal EKAuon agpiwv PE XapakTnpIoTIKA oopr. O gpsu-
VNTEG eKTIHOUV OTI N NOoOTNTA AIWHEVWYV NETPWHATWY (HAY-
MaTog) nMou £XEl OWPEUTEI KATW anod To NaioTeio katd To
nepacuévo €tog, 1I0oduvapei pe nepinou 10 €wg 20 €Tn ava-
nTuEéng Tou n@aioTeiou. Enionuaivouv OpwG Nwe auTtd dev
onpaivel OTI enikeITal kanola €kpngn, avTtibBera, 6nwg Tovi-
fouv, n OsIONIKA dpacTnpIOTNTA £XEl 0APWG UMOXWPNOEI
KATd TOUG TEAEUTAIOUG UNVEG.

O1 gpeuvnTEG ONUEIOVOUV OTI TO NPAIOTEI0 TNG ZavTopivng
gypavilel dUo BIAPOPETIKWV EIdWV EKPREEIC OTO nEpacua
TOU XpOVOU: apeVOG HIKPEG EKPNEEIG MOU OUMPAivVOUV OXETI-
K@ ouxva kal ekAUouv AaBa Kal, aQpeTEPOU, HEYAAEG EKPAEEIC
nou ocupBaivouv conavia, ava nepinou 10.000 £wg 30.000
xpovia. Kai ol dUo TUnNoI ekpn€ewv OswpeiTo OTI «EKKOAG-
nTovTa» g€ €va pnxo 8AdAapo paypatog, o onoiog TpoPodo-
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TeiTal og ouvexn Baon and WIKPEG NooOTNTEG AWMEVWY Me-
TPWHATWYV, 01 onoiol aveBaivouv ano KATw npog Tda Navaw.

'OHWG, ONWG avaPEPel N VEA WEAETN, YEWAOYIKEG (OPUKTOAO-
YIKEG) MEAETEG BeEiXVOUV OTI TOUAGXIOTOV TO 15% Tou UAIKOU
nou ekTIVaxBnke kata Tnv Mivwikn €kpngn Tou neaioTeiou,
€pBaoe oTov BaAapo Tou paypaTog Aiydtepo anod 100 xpovia
npiv Tnv €kpn&n, dnAadn oxI oTtadiaka kal o Badog xpovou,
aAAdG og noAU nio oUVTOUO XPOVo.

JUPPWVA HE TOUG EPEUVNTEG, EITE TO NPAICTEIO TNG ZAVTOPI-
vng Bpioketal otnv nio ouvnBiopévn (apyn) @acn cucow-
peuong Adpag, €ite aTnv nio ondvia (kai ypriyopn) €KpnKTIKN
@don Tou, o pnxo¢ BaAapog Tou PAypaTtog TpogodoTeiTal
nePIOTACIAKA PE Taxeiag pong NnogoTNTEG PAayuaTog. H xpovi-
KA S1dpKEIa AUTOV TwV NePIddWV TPOPodOTNONG TOU PaAyUa-
TOoG €ival oUVTOUn Of Ox&€on HE TIG €vOIAUETEG MNEPIODOUG
npepiag, evw To Note 6a cupBolv AUTEC Ol MEPIOTACIAKEG
avaTpopodoTnaoelg, dNAadn o Xpoviouog Toug, eEapTaTtal ano
TNV unoyela duvauikn nou avantloosTal oTo akopa BaduTe-
pO THUNHA TOU PAYHATOG KATW anod Tn Zavropivn.

KaTd TG nio npdopaTeg ekpr&eig Tou NPaIcTEioU TNG ZavTo-
pivng, oTnVv €nipaveia £xouv aveAbel ouvnBwc dUo diapope-
TIkd €idn payupaTog, Kata Kupio Aoyo dakitng (AdBa nAouoia
oc nupITia) Kal OeuTEPEUOVTWG avdeoitng (nio kauTn AdBa
ME AlyoTepn nupiTia). MponyoUeveG €peuveg e€xouv Jeiel
OTI oI ekpn&eig epavifovtal va nupodoTouvTal and Tnv avo-
00 Mpog TNV €nipaveiad Tou avdeaitTn, 0 onoiog «avapoxAeU-
£1» ToV nio agBovo dakitn, divovTag €70l To £vAuouad yia Thv
ekpn&n, mbavwg peoa oe diaoTnua Aiywv eBOOHAdwWV.

Eneidr OpwG, oUPPWvVA HE TOUG BpeTavouqg YEWEMIOTAHOVEG
(oTnv £peuva Twv onoiwv cuvéBaAav ol EAANVEC €PEUVNTEG
Mapaokeury NopikoU, =dvBog ManavikoAdou, AnunTpng MNa-
padeiong, KwoTag Pantakng kal BayyeAng Zaxdpng), n npo-
oQaTn neaioTeiakn dpacTnpIoTNTa €xel OlapKETeEl NOAU ne-
pIO0OTEPO XPOVO, Yiveral n unoBeon OTI Ta AlwHEva ne-
TPWHATA NOU CUCOWPEUOVTAl TwPA KATw and Tn ZavTopivn,
gival dakiTeg Kal oI avOeaiTeG.

Link: Ma Tnv npwTOTUNN €NIOTNMOVIKNA €pyaaia (Je ouvdpo-
Mn) otn dielBuvon:
http://www.nature.com/ngeo/journal/vaop/ncurrent/abs/ng
€01562.html

(News Room «K&pdog» pe nAnpo@dpnon and To AlME -
AMIM, 10/9/2012,
http://www.kerdos.gr/default.aspx?id=1796078&nt=103&u
tm source=KerdosNLetterApp&utm medium=email&utm c
ampaign=html newsletter)

Giant 'balloon of magma' inflates under
Santorini

A new survey suggests that the chamber of molten
rock beneath Santorini's volcano expanded 10-20
million cubic metres — up to 15 times the size of Lon-
don’s Olympic Stadium - between January 2011 and
April 2012.

The growth of this 'balloon' of magma has seen the surface
of the island rise 8-14 centimetres during this period, a
team led by Oxford University scientists has found. The
results come from an expedition, funded by the UK's Natu-
ral Environment Research Council, which used satellite ra-
dar images and Global Positioning System receivers (GPS)
that can detect movements of the Earth's surface of just a
few millimetres.

The findings are helping scientists to understand more
about the inner workings of the volcano which had its last
major explosive eruption 3,600 years ago, burying the is-
lands of Santorini under metres of pumice. However, it still
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does not provide an answer to the biggest question of all:
when will the volcano next erupt?

— T

Michelle Parks makes GPS measurements on Santorini.

A report of the research appears in this week's Nature Geo-
science.

In January 2011, a series of small earthquakes began be-
neath the islands of Santorini. Most were so small they
could only be detected with sensitive seismometers but it
was the first sign of activity beneath the volcano to be de-
tected for 25 years.

Following the earthquakes Michelle Parks, an Oxford Uni-
versity DPhil student, spotted signs of movement of the
Earth's surface on Santorini in satellite radar images. Ox-
ford University undergraduate students then helped re-
searchers complete a new survey of the island.

Parks, who is based in Oxford University's Department of
Earth Sciences and is an author of the paper, said: 'During
my field visits to Santorini in 2011, it became apparent that
many of the locals were aware of a change in the behaviour
of their volcano. The tour guides, who visit the volcano
several times a day, would update me on changes in the
amount of strong smelling gas being released from the
summit, or changes in the colour of the water in some of
the bays around the islands.

'On one particular day in April 2011, two guides told me
they had felt an earthquake while they were on the volcano
and that the motion of the ground had actually made them
jump. Locals working in restaurants on the main island of
Thera became aware of the increase in earthquake activity
due to the vibration and clinking of glasses in their bars.'

Dr Juliet Biggs of Bristol University, also an author of the
paper, said: 'People were obviously aware that something
was happening to the volcano, but it wasn’t until we saw
the changes in the GPS, and the uplift on the radar images
that we really knew that molten rock was being injected at
such a shallow level beneath the volcano.

'Many volcanologists study the rocks produced by old erup-
tions to understand what happened in the past, so it's ex-
citing to use cutting-edge satellite technology to link that to
what’s going on in the volcanic plumbing system right now.'

Professor David Pyle of Oxford University's Department of
Earth Sciences, an author of the paper, said: 'For me, the
challenge of this project is to understand how the informa-
tion on how the volcano is behaving right now can be
squared with what we thought we knew about the volcano,
based on the studies of both recent and ancient eruptions.
There are very few volcanoes where we have such detailed
information about their past history.'

The team calculate that the amount of molten rock that has
arrived beneath Santorini in the past year is the equivalent
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of about 10-20 years growth of the volcano. But this does
not mean that an eruption is about to happen: in fact the
rate of earthquake activity has dropped off in the past few
months.

(University of Oxford, 10 Sep 12,
http://www.ox.ac.uk/media/news stories/2012/120910.ht
ml)

Evolution of Santorini Volcano dominated by
episodic and rapid fluxes of melt from depth

Michelle M. Parks,* Juliet Biggs,? Philip England,* Tamsin A.
Mather,® Paraskevi Nomikou,2 Kirill Palamartchouk,® %
Xanthos Papanikolaou,® Demitris Paradissis,® Barry
Parsons,t David M. Pyle,X Costas Raptakis® & Vangelis
Zacharis®

Abstract

Santorini Volcano, the site of the catastrophic Minoan
eruption in Greece, exhibits two distinct eruptive styles:
small, effusive eruptions occur relatively frequently and
build shields and domes of lava, whereas large explosive
eruptions occur rarely, at intervals of 10,000-30,000 years.
Both types of eruption were thought to incubate in a
shallow magma chamber that is continually charged by
small batches of melt injected into the chamber from
below. However, petrological work suggests that at least
15% of the material ejected during the Minoan explosive
eruption arrived in the magma chamber less than 100 years
before the eruption. Here we use Satellite Radar
Interferometry (InSAR) and Global Positioning System
(GPS) measurements of surface deformation at Santorini to
show that 10-20 million m* of magma have been intruded
beneath the volcano since January 2011. This volume is
equivalent to 10-50% of the volumes of recorded dome-
forming eruptions. GPS and triangulation data show that
this is the only volumetrically significant intrusion to have
occurred since 1955, shortly after the last eruption. Our
observations imply that whether Santorini is in an explosive
or dome-forming phase, its shallow magma chamber is
charged episodically by high-flux batches of magma. The
durations of these events are short in comparison with the
intervening periods of repose and their timing is controlled
by the dynamics of deeper magma reservoirs.
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Figure 1: The islands of the Santorini volcanic centre, and
the location of the centre of recent volcanic and seismic
activity.

PK and NK denote the islands of Palaea and Nea Kameni,
respectively; the Kameni Line? shown in red, passes
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through the locations of the vents of all the post-1570
eruptions (blue dots), and is probably an active normal
fault that dips north-northwes...
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Figure 2: InSAR measurements, and fits to them of the
best-fitting spherical inflationary source, whose parameters
are given in Table 2.

a, Chain-stacked Envisat interferogram from 3 March to 28
December 2011; brown shading shows areas of land that
were de-correlated. Thin arrow indicates orientation of
satellite orbit, and thick arrow indicates the look direction of
the satellite. Co...

a b
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Figure 3: Bounds on the location and volume of the magma
body intruded beneath Santorini since January 2011.

a, The colours show the minimum r.m.s. misfit between
modelled and observed interferograms for spherical
sources!® beneath each location; where no colour is shown
the r.m.s. misfit exceeds 120mm. b, Trade-off between the
depth of the spherical source...
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Figure 4: Horizontal surface displacements of Santorini
between 1955 and 2011 from triangulation and GPS data.
a, The yellow vectors show the expected displacements if

the only deformation in that time interval is that due to the

inflation detected since the beginning of 2011 (Table 2).

The red vectors show displacements of monuments
between 1955 and 2011, ca...
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Uncertainties in Model Parameters

Due to the limited spatial extent of the interferograms it is
impossible to assess the formal significance of a given level
of misfit between model and inerferogram. Here, we
provide figures to support the bounds we place on the
model parameters.

Figure S.1 shows the influence on misfits of holding the
horizontal location of the source fixed, but varying its
depth. Figures S.1 c & d correspond to the overall best-
fitting solution (Figure 2, main text), which has a source
depth of 4.4km and an RMS misfit of 6.8mm. Forcing the
source depth as shallow as 3.35km, or as deep as 5.9km,
increases the RMS misfit by 1mm, and at either of those
two depths, the residuals show a systematic pattern. When
the source is forced to be shallower than the best-fit depth
(Figure S.1 a & b) residuals far from the source are
predominantly positive, and when it is forced to the greater
depth (Figure S.1 e & f) residuals far from the source are
predominantly negative. These patterns reflect the fact that
the characteristic width of the zone of uplift caused by the
inflationary source is proportional to the depth of the source
[1]. A model source that is placed too shallow will generate
too little uplift in the far field and, because the InSAR
observable (displacement in the line of sight to the satel-
lite) is sensitive principally to vertical displacements, the
residuals (observation minus model) will be positive in the
far field. The reciprocal argument applies to a model source
that is placed too deep.

Figure S.1 shows that if the source depth is taken outside
the range of 4.4+1.5/-1.0km, the pattern of residuals
clearly demonstrates that the depth is erroneous. This
range should be taken as representing the bounds on
source depth, not as formal uncertainties. By similar
arguments, Figure S.2 shows that the horizontal coordina-
tes of the source are constrained to within about 1000
metres. Outside these bounds, the misfits show systematic
spatial variation that is related to the displacement of the
model source from the best-fitting position.
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This discussion, in conjunction with Figures S.1 and S.2,
provides the basis upon which, in Figures 2 & 3, and Table
2 of the main text, we assign bounds to the parameters of
the inflation source.

Wrapped Interferograms

We show here (Figure S.3) wrapped interferograms cor-
responding to Fig 2 a-d of the paper. Such images highlight
details of the deformation pattern, particularly the deforma-
tion gradient, but are more sensitive to atmospheric noise.
They are included here for the convenience of the commu-
nity that is accustomed to reading wrapped interferograms.

References

[1] Mogi, K. Relations between the eruptions of various
volcanoes and the deformations of the ground sources
around them. Bull. Earthquake Res. Inst. Japan 36, 99-134
(1958).
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Figure S.1: Misfits (observation minus model) between
stacked interferograms from Envisat (panels a,c,d) and
TerraSAR-X (panels b,d,f) and model spherical (Mogi)
inflationary sources held at different depths. Thin arrow
indicates orientation of satellite orbit, and thick arrow indi-
cates the look direction of the satellite. The source is held
at its best-fitting horizontal location (red dots) with its
depth fixed to 3.35 km (panels a,b), 4.4 km (panels c,d),
and 5.9 km (panels g,f). Panels c and d correspond to the
best-fitting model (see Figure 2, main text).
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Figure S.2: Misfits (observation minus model) between
stacked interferograms from Envisat (panels a,c,d) and
TerraSAR-X (panels b,d,f) and model spherical (Mogi)
inflationary sources held at different locations (red dots).
The source is held at its best-fitting depth (4.4km) with its
horizontal location fixed 1000 m north of the best-fitting
position (panels a,b) and 1000 m west of the best-fitting
position (panels c,d)
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Figure S.3: Wrapped interferograms corresponding to Fig-
ures 2a-d. The phase observations are wrapped to a colour
cycle of 24mm, which is between the natural half-
wavelengths of the Envisat data (28mm) and the Terra
SAR-X data (16mm).

Nature Geoscience, 2012, doi:10.1038/ngeo01562,
http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ng
€01562.html#/t2
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& ouOoTNHATIKN UNoBaAdoaoia CEICHIKR ENITHPN-
on KwvoTravTtivounoAn kai Mappapag

O «kivduvog evdg VEOU 10XUPOU KATAGTPOPIKOU COEIoHOoU OTa
napaiia Tng yeirovikng Toupkiag €ival geydAog kai, yia auto
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To AOYO, YEPHAVOI ENICTAOVEG, OE OUVEPYAOia HE TOUPKOUG
ouvadEAPOUG TOUG, MOAIG dpxlioav TIG gpyaciec noAAanAwv
YEWTPAOEWV YIiad TNV eykardaoracn €1dikoU unoBaAdooiou
gEonAiopoU napakoAouBnong.

O1 gpeuvnTEC Tou MeppavikoU Kévtpou Epsuvov yia Tig Mew-
EMNIOTANEG XEAUXOATC (GFZ), HOAIC apXloav TNV €yKaTaoTaon
evocg JIKTUOU OEIOWIKNG €EMITRpnONG oTn ©®alacoa Tou Map-
Mapd, kovta otnv KwvaoTavTivounoAn. Eidika oxediaouevol
O£IoNIKOI a100nTRpec Ba TonoBsTNBOUV POVIMA O OKT® MNn-
yadia yewTpnong Baboug 300 péTpwyv TO KaBéva, nou dapxi-
oav va avoiyovTtal ota avoixTd Tng noAng kai yupw and Tn
B8alacoa Tou avaToAikou Mappuapd.

M’ auTo Tov Tpono Ba undpxel akpiBng napakoAoudnon TnG
MEAAOVTIKAG OeIoUIKAG dpaaTnpldTNTAg oTnv nePIOXH, Mou
BewpeiTal upnAou kivduvou. O1 yepuavikoi geiopoypdagol Ba
KaTtaypd@ouv Kal TIC M0 avenaiodnTeC OSIOUIKEG DOVNOEIG
oTo Bopelo prypa Tng AvaToAiag, To onoio nepvasl kATw ano
To BUBO Tng BAAaooag Tou Mapuapd, nepinou 20 XIAIOPETPA
anévavti anoé Tnv KwvoTavTivounoAn.

‘Onwg dNAwoe o kabnyntng Mkeopyk NTpélev Tou KeévTpou
GFZ, «n IoTtavunoUA, PE Toug Navw ano 13 €kaT. KAToiKoug
NG, BpiokeTal o€ pia nepioxr nou eivai unepBoAika euaAWTN
anod Toug OEIohoUG. Yndapxel PeydAn nmiBavoTrnta yia €va I-
oXupO Oelopd peyEBoug €wg 7,4 aTnv neploxn». 'Onwg €ine,
ol V€Ol OsiopoypA®ol nou egykabBioTtavTal, «Ba dwoouv on-
HavVTIKEG MANPOPOPIEG YIA TIG TEKTOVIKEG dlepyaanieg npoTou
OUMBEl €vag HEYAAOG OEIGHOG».

H npwTn MIAOTIKA YEWTPNON Yiveral atn Xepoovnoo Toulha
Kal, apol oAokAnpwOei kal kpiBei emITuxXnG PeETA and TIG
OXETIKEG OOKIMEG TWV MPWTWV EYKATECTNMEVWV EMNICTAMOVI-
KWV opydvwv, Ba akoAouBnoel To dvolyuda Kal TwV UnoAol-
Nwv €nTa UNoBaAacoIwV NNyadi®Vv YEWTPNONG.

Ta osiopika dsdopéva Ba peradidovral Tautoxpova os npay-
HaTikd xpdvo ato MNoéTovTap Tng Mepuaviag kai oty npwTeU-
ouaa Tng Toupkiag Aykupa, onou Ba a&ioAoyouvTal. MNavTwg
0 EMIKEPAARG TOU MpoypdupaTog kadnyntng Tou KévTtpou
GFZ Mapko Mnovxop (ppovTIos va JISUKPIVIoEl OTI «n npod-
BAewn &evdg peAAOVTIKOU oeigpoU dev €ival 0 OTOXOG TOU
£pyou, eneidn TeTola NpORAswn dev eival duvaTn».

rnnyn: AMIE
(H KAOHMEPINH, 10.ZenTepBpiou 2012,

http://portal.kathimerini.gr/4dcgi/ w articles kathciv 1 1
0/09/2012 460475)

TA NEA THZ EEEEI'M - Ap. 49 — ZENTEMBPIOZ 2012




ENAIAG®EPONTA -
NMEPIBAAAON

CarbonCure makes concrete go green ‘with-
out compromise’

Robert Niven can talk at length about the “green” benefits
of his concrete-making technology. But if he can’t match or
beat the price of traditional methods, he knows few produc-
ers will listen.

“We have to be green without compromise,” said the chief
executive and founder of CarbonCure Technologies Inc., a
Halifax-based clean-tech company that aims to shake up
the global concrete industry.

Concrete is the most widely used building material in the
world. But it is also responsible for roughly 5% of the
world’s greenhouse-gas emissions, making it the second-
largest industrial emitter behind coal. Mr. Niven says his
company can help change that.

CarbonCure’s technology infuses carbon dioxide (the evil
byproduct of industry) into the concrete-making process.
The injection of CO2 during the curing stage produces lime-
stone, which actually makes the concrete stronger. Mr.
Niven says the process also results in fewer defects, and
producers use less energy and cement during the produc-
tion phase.

Plus, the resulting concrete blocks serve as storage units
for unwanted carbon dioxide, which is drawn from industrial
waste sources such as power plants.

“"We make concrete that is really indistinguishable from
other concrete products,” Mr. Niven said in an interview at
his Halifax office. "We make a better quality product, at a
lower price. And it's green. It's that triple-win that makes it
really attractive to producers.”

CarbonCure’s “bolt on” technology is now being demon-
strated at three large concrete plants, in Halifax, San Fran-
cisco and Toronto. And CarbonCure blocks are installed in a
growing number of buildings, including in Halifax at a new
high school and on the Dalhousie University campus.

In June, CarbonCure blocks were installed in a section of
the new Hullmark Centre Complex in Toronto, which is be-
ing developed by high-rise developer Tridel.

Tower Labs, an organization that uses real world buildings
as test labs for new green materials, arranged the Tridel
installation. Jamie James, Tower Labs’ founder, said he has
discussed CarbonCure’s technology with a number of key
players in the concrete industry.

(Quentin Casey / Financial Post, 17 September 2012,
http://business.financialpost.com/2012/09/17/carboncure-
makes-concrete-go-green-without-compromise)
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«Mikpa pouoeia ol oTaOHoI TOU HETPO
@soocalovikng»
MAOUTO EUPNHATWV EPEPE OTO PWG N APXAIOAOYIKK
okanavn

«'OAol ol oTaBpoi Tou PNeTpOd Oeocoalovikng 6a pnopoloav va
yivouv pouoceia, MIkpd n peyaAlTepa. Av Ta apxXdaloAoyika
€UpnuaTa oto WeTPO TG ABrvag cuvéBaiav oTn QRun Tou
€pyou naykodopia, auTd nou BpEbnkav oTo PeETPd Oegooalo-
vikng 8a To kdvouv MpwTo onueio avagopdag dieBvwg, av
avadeixBolv ocwaTd».

Me Tn @pacn auth, o npoedpog Tng ATTIKO METPO AE,
XpnoTog ToiToupag, avapepOnke oTov NAOUTO TWV €UPNMa-
TV, Nou £QEPE OTO PWG N APXAIOAOYIKA oKanavn ota epyo-
Tagla Tou PETPO O=ooalovikng, Ta onoia YMNOPEI PeV va é-
XOUV npokaAéoel kaBuaTePNOEIG 0To £€pY0, dAAd dev navuouv
va €ival noAU onuavTika, pgetadidel To AMME.

94.000 KIvnTa gUpnpara

NavTwg, PEXP! To TENOG Tou 2012, o1 avelAnPUEVEG avaoka-
PIKEG UNOXPEWOEIG TNG 9nG E@opiag BulavTiviv ApxaloTr-
TWV anévavTl oTo £pyo MPOKEITAl va OAOKANpwOouv, Onwg
avakoivwoe n OleubuvTpid Tng, Aéonoiva MakponoUAou,
MIA®VTAG og ekdNAwaon Tou TEE KevTtpikng Makedoviag (TE-
E/TKM). ZuvoAikd, o0 apiBuog TwV KIVATOV EUpNUATWOV Eené-
pace, 6nwg sing, TiIg 94.000. «Aev €ival 6Aa Ta oTpaBa Yyw-
MIG TNG vuoeng. O1 apXaloAoyIKEG unnpecieg dev PTAive yia
TNV KaBuaoTEpnaon Tou MPETPO», UMOCTAPIEE N K. MakponoU-
Aou.

2T0 PETA&U, ouvoAlkn éktacon 30.800 TETPAYWVIK®OV HETPWY,
£xouv JIEpEUVNOEl avaokapika, and To 2006 uEXp! OAUEPA,
Ta ouvepyeia TG IZT’ Egopiag MpoioTopikwv Kal KAaoikwv
ApXalOTATWYV, ONWC ENICAKAVE N NPOioTAPEvVN TNG, BaaiAikn
MicanAidou-AgonoTidou.

YnevOUUIOE OTI Ol ApXAIOAOYIKEG UMNPECIEG €ixav, KaTta Tov
oxedIaopo akOPN TOU £pYOU, EKPPACE! TIG AVTIPPAOEIC TOUG
yla Tnv nopeia Tou and Tnv onuepiviy 0d6 Eyvaria, xwpig
BéBala va sigakoucBouv- n IST EMKA and noAU vwpic ixe
npoteivel TNV 036 TOIPIOKH WG M0 «avmduvn» JIEAEUOT.

ZUPQWVa Pe TNV Ka MioganAidou-AegonoTidou, HEXPI OnpeEpa
£XEl OAOKANPWOEI n avaoka@ikn €peuva oToug oTaduoug
«Néog Z1dnpodpopIkoG ZTABUOG», «ZivTpifavi», «Maveni-
OTNMIO», «EUKAE€IdNG» kal «DAEPIVYK», KaBw¢ kal atn Ala-
oTatlpwon TpoxIoypaupwv Tou oTaduol «ZIvTpiBdavi», oTo
XWPO WMPOCTA anod Tnv KevTpikn BIBAI0BAKN Tou AMO Kal
otn AlgkAGdwon npo¢ =TaupounoAn Tou oTadpol «Anuo-
kpaTiag». O1 napandvw B£oeig £xouv NapadoBei aTo TeEXVIKO
TUAMA TOU €pyou.

Se €EENIEN BpiokovTal Ol avaokageg oToug oTaduoug «Ayiag
Sopiag» kal oto apagooracio Tng MuAaiag, ev® oTo oTABHO
«AnMoOKPATIAaG» AVAPEVETAl TO TEXVIKO €PYO YIA VA OAOKAN-
pwBei N avaokagn», avépepe.
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Xi1A1adeg Tagpol ora «onAdaxva» TnG noAng
AvaAuTIKOTEPQA:

- 2710 gpyoTda&io Tou Néou Z1dnpodpopikoU =Tabuol n ava-
oKa@IKn €peuva BeBaiwoe TNV avBpwnivn dpacTtnpioTnTa
0€ €va €UpU XPOVOAOYIKO MAdigIo Kal 1d1aiTEpA TNV TAPIKN
XPAon Tou Xwpou and Ta TEAn Tou 4oudl. n.X. WG Kal TovV
UoTepo 3o0al.u.X. AnokaAu@bnkav 193 Tagol Kal TaQIKoi
nepiBoAol, nou anoTteAoUv TURAKA ToU JUTIKOU VEKPOTAPEI-
0oU TNG apxaiag ©sooalovikng.

- 3ZTn 31akAGdwaon npog STaupounoAn Tou oTabuou Anuo-
KpaTiag, anokaAugenkav ouvoAika 218 Tagol, TuRMaTa
TOIXWV-TAPIKOV NEPIBOAWY, AIBOCWPOI, AAKKOI Kal nnya-
dla. ZTov oTabuo Anpokpatiag kaBeauTodv, npbe oTo PWG
TUAMGA Tou duTikoU VEKpOTAPEIoU TNG apxaiag Osoaalovi-
KNG To NMANCIECTEPO NMPOG TO JUTIKO TEIXOG TNG apxaiag no-
ANg, ev n €peuva dev £xel OAOKANPWOEI.

- ZTov 0TaBuO «Ayia Zo@ia» avaoka@nkav OoIKIoTIKA Kal
0IKOJOMIKA KATAAoInd, OnweG anoxETEUTIKOI aywyoi, anop-
pIMMaTikoi Adkkol, KaTaAoina ToOiXwV Kal KTIOTEG KaTa-
OKEUEG, KABWG eniong €vag XwpaTivog dpopog, nou pap-
TupoUV TNV adIidAsIinTn Xprnon Tou Xwpou, AdnN anod Toug
€AANVIOTIKOUG XPOVOUG.

- 210 ZUuVvTpIBAvVI, anokaAUupOnke onuavTikoG apiBuog Tda-
@wv (1.150) kal apXITekToVIKG Agiwava Onwg KTIpIaka Ka-
TAAoina, KATAOKEUEG, TOiX0l, AGKKOI Kdl aywyoi, eV TeK-
unpiwBnke avaoka@ika n diEAeucn XeiNdppou anod Tnv
nepioxn. Ztn diacTalpwaon TPOXIOypAUU®V Tou oTaduou
«ZIVTPIBAVI», €PEUVABNKE £va aAKOWN EKTETAMEVO THAMA
TOU avaToAIkoU VEKpOTAPEiou TNG apxaiag @eooalovikng.
Evtoniotnkav 1.100 Tagol, oikodouIKa Asiyava Krtnpiou
Kal onopadikd apyITEKTOVIKA KaTaloind.

- 3Tov OTaBuod «lMavenioTnUio» n yn «€kpupe» UNOYEIO KTi-
opa opBoywviag KAToWwng Kal MEPIYETPIKA auToU apxITe-
KTOoVIKG KaTtaloina kai AIBoowpolcg, Kabwg kal &va Ai6o-
KTIOTO Nnyadi.

- 3Tov O0TaBuo «EUKAEidn», n €peuva €Pepe OTO WG ano-
onacpaTika owlopeva oIkodopIka Asiyava TwV OWINwV
oBwpavikwv Xpdvwy, eve KaTd Tn SIAPKEId TWV EpYACINV
yia Tn diapudpwaon Tou gupUTEPOU gpyoTa&iakou Xwpou
anokaAu@Bnke TuRua Ktnpiou (Toixol Kal aywyoi), nou
XPOVOAOYEITAl OTOUG VEOTEPOUG XPpOvoug (TEAog 19ou-
péoa 200u al.).

- 3Tov OTaBUO «DAEUIVYK» N avaoka®r npayuaronoinénke
oTadiakd aTov Xwpo OMnou £yIve N YETATONIon SIKTUWV KO-
IVAIG WQEAEIQG, OTO XWPO NOU KATaAduBAavel o KUpiwg
oTaduocg kal oTnv avaToAlkn €icodo Tou oTabuou anoka-
AUNTOVTAG TUAMA VEKPOTAQEIOU TNG PWHAIKAG nepiddou
(206 - 4o¢ ar. p.X.).

- 3Tov oTabud «AvaiAnwn» napakoAouBoUvTdl oI EKOKAPI-
KEG €PYACiEC OTO OTABUO KATA TIG OMOIEG £XOUV MPOKUYEI
VEWTEPA APXITEKTOVIKA kKaTaAoina Tou 200u al.

- =10 ApagooTaaio MuAaiag, TEAOC, N avaoka@n OTOV KEV-
TPIKO TOMEA TNG MEPIOXNG OMOU MPOKEITAl VA KATAOKEUA-
oTEl auTO, £PEPE OTO QWC TUAMA OPYAVWHEVOU MPOKAC-
oavopEIOU NOAIOHATOG.

O JleuBuUVTNG €pywv Tou HETPO BOecoalovikng, Mwpyog
KwvoTavTividng, avakoivwoe OTI, WE Unoupyikr Anogaocn
NG 30ng Anpihiou 2012, To peTpd Ba npénel va avadeigel
TUAMA TWV ApXaIOAOYIK®V EUPNHATWV.

(newsbeast.gr, TetapTn, 26 ZenTepuBpiou 2012,
http://www.newsbeast.gr/greece/arthro/419091/mikra-
mouseia-oi-stathmoi-tou-metro-thessalonikis)
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Photographer Offers New Perspective on Un-
derground

By studying cities from the point of view of their under-
ground structures, photographer Steve Duncan sheds new
light on the often forgotten infrastructure that keeps our
cities running.

e 8

The Knickerbocker Avenue Extension Sewer, constructed in
1885 beneath the Williamsburg section of Brooklyn, is one
of many subterranean marvels Duncan explores.

It was when the water hit chest level that Steve Duncan
began to get scared. That was 10 years ago, and the young
explorer, then in his early twenties, was somewhere in
Queens, New York, underground in a storm drain tunnel.
The tide from the Atlantic Ocean was rolling in. Only he
didn't know it.

Duncan had gotten interested in exploring the underbellies
of cities, and he and a friend had found an inconspicuous
manhole entrance in a park in Queens—more convenient
than the typical middle-of-the-street variety, which are far
more visible to passersby and far more difficult to access.
The double channel they entered was 8 ft high and 12 ft
wide. Its scale blew him away. “If it was on the surface it
would be a landmark as a giant engineering project,” he
says.

Duncan found and photographed an abandoned Amtrak
spur tunnel on the west side of Manhattan, near 40th
Street, that once conveyed freight to barges that crossed
the Hudson River before any bridges or tunnels had been
built across the river.

The park they had entered was close to the ocean side of
the borough; Queens is unusual in that its sewer tunnels
and storm drain tunnels are separate. The pair had entered
the tunnels to explore them at what turned out to be low
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tide and had been underground for several hours. As they
slowly began making their way back to the manhole, Dun-
can noticed water was flowing in the wrong direction—back
down the tunnel rather than out to sea.

As the water begin filling the tunnel, they tried to make
their way back. They didn’t have an alternate exit plan.
They tried pushing up against another manhole they found
but it was stuck; cars continually pound down the manholes
in the roads.

New York's first subway station was one of its most ornate;
situated on a curving platform beneath City Hall, the station
opened in 1904 and closed in 1945.

At half a mile from the exit, the water was rising, coming in
stronger, and had reached chest level. "We were terrified,”
Duncan says. “Being in a tunnel makes everything seem a
lot scarier.” The tunnel was dark, except for their head-
lamps. As water rushed in, eels came too, slithering past
Duncan’s ankles. A “vicious current” of water was battering
them, he says. “We realized [that] pretty soon we wouldn't
be able to fight it.”

Duncan wanted the two to go farther inland, tie themselves
to something, and wait the water out. His friend pushed
them to try one more manhole cover they had stumbled
past. This one gave, and the two emerged, half-soaked, on
a quiet street in Queens. A mom in a minivan drove past
with a look of disapproval. But Duncan and his friend re-
joiced that they had escaped.

The 1837 Essex County Jail in Newark, New Jersey—
designed by architect John Haviland and added to the Na-
tional Register of Historic Places in 1991 —features both
aboveground and belowground cells. It hasn’t been used
since 1989, and was damaged by fire in 2001.

Looking back, Duncan notes it as a “real lesson on the ex-
tent of my ignorance”—where else, after all, will tides come
in but through a giant ocean drainage channel? And there
were no high-water marks in the tunnels, so it's likely the

water would have filled the tunnel entirely; they would have
drowned.

But there was another lesson from his misadventure—a
realization of just how invisible the world he’'d begun to
explore really was. “If we did die down there it might be a
long time before anybody found out what had happened.”

Still, Duncan’s brush with death did not deter him from
what’s become both a professional and a personal vocation
-the exploration of hidden, buried, and sometimes lost and
forgotten infrastructure systems in cities, systems that lie
right beneath our feet. In fact, there are a growing number
of such urban explorers, adventurers who explore our cities’
hidden and marginalized spaces. Some of the photographs
circulating online get grouped under such vivid tags as “de-
cay porn” or “ruin porn,” reflecting a growing fascination
with documenting or romanticizing ruins, and the adventure
of finding them.

But Duncan, who is now 33, has a different objective. As an
urban historian, he has the training to put such places
within historical context, and to reveal the ways in which
these largely invisible tunnels and corridors still shape us.
“Systems that come to us from 50 years or 100 years or
150 years [ago],” he explains, “also shape how cities func-
tion and how we live in the present day.”

The New Milford water filtration plant, in Oradell, New Jer-
sey, was built by the Hackensack Water Company in 1882,
and in the 1920s pioneered the activated carbon filtration
treatment process. Closed in 1990, its buried infrastructure
remains as a testament to 20th-century engineering.

Urban infrastructure, he observes, remains largely the do-
main of engineers, and as systems become more and more
complicated, there’s a sense that the average citizen lacks
the ability to understand it. Civic infrastructure, he says,
used to be a more open topic of public interest. When ma-
jor Brooklyn sewers were constructed in the 1890s, for in-
stance, more than 10,000 people got tours of construction
sites.

“Today you don’t get that interest or accessibility,” he says.
To Duncan, that comes at a price: most people, he says,
“don’t realize how deteriorated a lot of our underground
infrastructure already is.

“Nobody in cities will pay for big infrastructure projects until
they see it as a necessary response to catastrophe,” he
adds. “I'd love it if we all got more educated about it to the
point where we sometimes wanted to pay for big projects
before it was almost too late.”

(T.R. Witcher / ASCE Civil Engineering Website,
http://www.asce.org/CEMagazine/Article.aspx?id=2576981
0840&utm campaign=Mkt-20120907-

SeptDigital-
CEASCENews&utm medium=email&utm source=Eloqua)
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UTA researchers target road expense deteriora-
tion

Stefan Romanoschi, an associate professor in the University
of Texas at Arlington's department of civil engineering, de-
signed and built this accelerated pavement testing machine.
It will test recycled products in pavement for the Texas
Department of Transportation.

A University of Texas at Arlington civil engineering profes-
sor is addressing Texas’ $6.3 billion annual tab for roads
and its interest in being more environmentally friendly.

Stefan Romanoschi and his research team have devised a
pavement testing machine that accelerates the deteriora-
tion of road materials, and with a $1.12 million grant from
the Texas Department of Transportation, they will test the
durability of pavement mixes that include recycled materi-
als.

Ash from coal power plants, slag from blast furnaces, as-
phalt shingles from old roofs or production plant scraps,
and chunks of road surfaces will be ground and incorpo-
rated into parallel strips of pavement at a new testing cen-
ter in Fort Worth.

By increasing pressure and frequency of tire rotations, the
machine Romanoschi helped build can document a decade’s
worth of pavement deterioration in three or four weeks.

The 30-ton electrically powered testing machine is the first
of its kind in Texas. With its large steel frame, it looks like
the body of a semitruck.

A motor pulls the central carriage back and forth every six
seconds at a speed of around 8 mph. The frame exerts
5,000 or more pounds of pressure on the two-wheel axle to
simulate pavement stress and measure durability. There
are also controls for temperature.

Two graduate students assist with the research. A full-time
technician will oversee the machine’s maintenance.

“What seems like an academic enterprise has huge implica-
tions for the state,” said Romanoschi, who has been study-
ing pavement for over 15 years and has a photo of cracked
concrete hanging outside his office.

Because bitumen, a heavy byproduct in the oil refining
process, is a major pavement component, the price of as-

phalt tracks the price of crude oil, said Darren Hazlett, dep-
uty director of TxDOT's construction division.

“So when the price of crude oil goes up a whole lot, like it is
currently and has for the past four, five, six years, the price
of asphalt goes up,” Hazlett said. “In Arlington they're try-
ing to look to see how we can extend and save resources.”

Even a 1 percent reduction in costs will make a huge differ-
ence.

“The sooner we get better results, the sooner the state can
start saving,” Romanoschi said.

Accelerated pavement testing gives states much more con-
fidence in road building, said Bouzid Choubane, the pave-
ment engineer for the Florida Department of Transporta-
tion.

“You can get meaningful results — on construction prac-
tices, on materials, on design — in a much shorter time,”
said Choubane, former chairman of the Transportation Re-
search Board’s Full Scale and Accelerated Pavement Testing
Committee.

In October, once the road pad is prepared for the UTA re-
search team’s recycled pavement experiment, the machine
will be hitched up to a trailer and moved to the testing cen-
ter. The machine can be moved to test pavement anywhere
in the state.

The Advanced Pavement Research Center is owned and
operated by the university. It hopes for future clients that
might include tire companies and asphalt producers.

(Eden Stiffman / DALLAS NEWS, 02 September 2012,
http://www.dallasnews.com/news/community-

news/arlington/headlines/20120902-uta-researchers-

target-road-expense-deterioration.ece

O3 D

Endpkela yia Xi1A1adeg xpovia
TepaoTio KoITaoHa BIOUNXAVIK®V JIAHAvTI®OV
APOe oTo PwWG oTn ZIPnpia

‘Eva TepdoTio koitacpa Blopnyavik®v diapavTiov ortn Zifn-
pia, n Unap&n Tou onoiou €ixe kKpaTnOsi pUOTIKN €ni deKaETI-
€, 0100£Tel TepAOTIA ANoBEPATA, 1IKAVA va NPOKAAETOUV Hia
gnavdoTaon oTnv naykoopia Biognxavia, cUPPWva PeE Toug
€101koUG. Mg anoBéuata nou Ba unopouoav va eNApPKECOUV
yia XIAiadeg xpovia, Ta diaudvTia oTtov Kpatnpa Tou [Moni-
yKdl gival oe B€on va NpokaAéoouv enavacTacn orn Bioun-
xavia.

To koitaopa Tou Moniykal avakaAu@enke oTIC apXEG TG Oe-
kaeTiag Tou 1970 o€ pia gpnuikn Kair akatoikntn {wvn Tng
avaTtoAlkng ZiBnpiag, oe anootaon 400 XIAIOUETPWY aAnod To
KOVTIVOTEPO XwpIO, To KavTiyka, kal 2.000 XIAoOPETPpwV Bo-
peiwg Tou Kpaovoyiapok, TnG enapxIiakng npwTeliouoag.

NOyw Tou WuxpoU MoAéuou TO KOITAOHA XApakTnPioTnKe a-
MEOWG OTPAaTNyIKO anobeua Tng T0Te EZZA Kal n avakaluyn
nepIBANBNKE PE TN HEYAAUTEPN PUCTIKOTNTA.

To IvomitoUTo MewAoyiag kai MeTAAAEUPATWY SOUNOAEP Tou
NoBoaiunipok Tng ZiBnpiag dnuoaicuoe aTIg apxEG TG €RJo-
padacg vEec NANPOQOpPIES yia To opuXeio To onoio BpiokeTal
o€ €vav KpaTtnpa SIauETPOU MEPINOU EKATO XIAIOMETPWV.
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Opuxeio diapavTi®v oTn Pwaoia

O kpaThpag dnuioupyndnke anod TV NTwon evOG acTEPOEIdN
npiv anod 35 ekatoupupia xpovia.

To KpouoTikO KUMa and Tnv NpOOKPOoUCH METACXNMATIOE
QUTOMATWC TOV YpPagiTn Tou unedAaQoug Ot WIKPOOKOMIKA
diaudvTia, o€ akTiva 0éka XIAIOHETPWV YUpPW anod To onueio
TNG NTWONG TOU aoTEPOEIdOUG.

SUp@wva pe Tov NikoAdr MoxiAévko, Tov diguBuvTh Tou Iv-
oTiToUTOU ZOMNOAEQ, AauTa Ta «Blounxavika diapdavria», nou
£€xouv diapeTpo 0,5-2 xIANIooTd, polalouv PE KOKKOUG OKOVNG
aAAa eivar ykpifa, yaAadia kai kitpiva. Ta diapdvTia Tou
TUMou auTtoU XpnaolgonoloUvTal EUPEWG oTn Blounxavia, oTig
YEWTPAOEIC KAl OTNV KATAOKEUN AEPOCKAP®V.

'Opwg Ta anoBéparta Tou Moniykdl os kapaTia €ival 110 @o-
PEC NeploodTEPA and Ta naykoopia anobéuara diapavTiov,
oUpPwva Pe Toug €181koug Tou IvomiToUTou. EminAéov, Ta
diapavTia Tou Moniykar givar duo QOPEG Nio avBekTIKG ano
Ta ouvnBiopéva Biounxavika diapavTia, €Efynoe o MoxIAEv-
KO.

O1 ZoBieTikoi €1dikoi yvwpilav 0TI Ta diapavTia Tou Moniykal
gival mo avBekTikd anod Ta TeEXVNTA AAAA Tnv €noxn eKeivn
«npoTipoloav va Kataokeudlouv €pyooTacid OUVOETIKMV
dlauavTIOV Kal TO OPUXEio apeBnke OTnV KATACTAGH MOU
nrav», gine o MoxIA&évko.

To koiTaopa eykataAleipbnke kai Eexaotnke eni 30 xpovia
MEXP! Mou, To 2009, To IvoTiToUTO SONNOAEP anogpacics va
aoxoAnBsi kai naAl pali Tou. Mexpl onuepa 10 0,3% TOU
KpaTnpa nou €xel epeuvnBei dianioTwOnke OTI pnopei va dw-
osl 147 dioskaToppUpla kapdrmia, V@ TAd naykoouia ano-
O¢épaTa diauavTiov EKTIH®VTAl oTa 5 digekaToppupia.

«Mg TO ONMUEPIVO PpUBNO Xprong Twv BloPnxXavik®v diagav-
TI®OV, Ta anoBsparta Tou Moniykdal KAAUATOUV TIG avayKeg yia
Ta enopeva 3.000 xpdvia» kal 6a pnopoucav va UMOKI-
VIAOOUV «pIa BIOKNXAVIKR €NAvaoTacn OToV KOOMO», 18iwg
OTNV KATAOKEUN QEPOOKAPWY KAl QUTOKIVATWV, NpocBece o
MoxIAévko.

QOoT000 oI €131KOI EKTIHOUV OTI N EKPHETAAAEUON Tou [Moniykdal
evdExeTal va anodeixBei acUu@opn £neidn To Koitaoua Bpi-
OKETAl 0€ pId {Wvn MoVidwg naywpévou €dagoug (perma-
frost) kal dev unapyouv KovTda dpouol 1 o1dnpodpouikd Bi-
KTUO.

(Newsroom AOA, pe nAnpogopieg anod AME / FaAAiko, 19
SenTeuBpiou 2012, http://news.in.gr/science-
technology/article/?aid=1231213823)

O3 D

Curiosity : AnooToARn oTov Apn

Tnv 6" AuyoucoTou 2012 To diacTnuonioio Curiosity npooe-
dagioTnke («npooapeiwBbnke») aTov Kpatrpa Gale Tou Apn,
agou diNvuoe 567 ekaToppUpia XIAIOUETPA 0 255 nUEPEG
(ekToEelTNKE and To akpwThpio KavapBepah oTig 26 Nogu-
Bpiou 2011). Aiya AenTd WeTd Tnv npooedagion HeTadodn-
Kav Kal ol NPWTEG AonpPOPAUPES EIKOVEG anod Tov Apn.. MNa
va ¢Tacn éva padioonua ano 1o «Curiosity» ortn ' anaito-
UvTal 13.8 AenTd.

O kpatipag Gale supiokeTal KOVTA OTOV ICNKEPIVO TOU Apn
Kai n dIAPeTPOG Tou €ival 155 km. To UWOWETPO TOU KEVTPI-
KoU Bouvou Tou eival 5.000 m. EikaleTal nwg KAnoTe QIAo-
Eevouoe pia Aipvn.

2TNV NApakaTw 10TooeAida napoucialeral Pid noAu evolagpe-
pouda oUvBeon TNG anooToARG Kal npooeddgiong Tou diac-
TnUonAoiou aTov Apn.

http://www.youtube.com/embed/XRCIzZHpFtY?rel=0
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HAEKTPONIKA
NMEPIOAIKA

ISSMGE Bulletin

Volume 6, Issve 4
Avugust 2012

http:/ /www.issmge.org/attachments/article/525/1IS
SMGE Bulletin August 2012%20V0l%206%20Issue

%204.pdf

KukAo@opnoe To Teuxog 4 Tou 6° Topou Tou ISSMGE Bulle-
tin (AuyouaoTtou 2012) pe Ta NApaAkaTw NEPIEXOMEVA:

e Note from TC 303

e President’s Reports

e Technical Article: Preliminary Understanding of the Seti
River Debris-Flood in Pokhara, Nepal, on May 5th, 2012
- A Report based on a Quick Field Visit Program

e Obituary: Robert V. Whitman 1928-2012

e News: 2012 SHAMSHER PRAKASH award winners

e News: Candidate for 2012 Shamsher Prakash Annual
Prize for Excellence in Teaching of Geotechnical Engi-
neering

e News on Recent Conferences: Second International
Conference on Performance-based Design in Earth-
quake Geotechnical Engineering

e Event Diary
e Corporate Associates
e Foundation Donors
e From the Editor — Call for articles
O3 O
@ International Society for Rock Mechanics
ISRM S -
|

No. 19 - September 2012
http://www.isrm.net/adm/newsletter/ver html.ph
?id newsletter=76&ver=1

KukAogpopnaoe To Teuxog 19 / ZenTeépppiog 2012 Tou News-
letter Tng International Society for Rock Mechanics. Mepie-
XOMeva:

e A Tribute to John Franklin, 1940-2012

e Update on the 7th Asian Rock Mechanics Symposium -
ARMS7, Seoul, Korea

e ISRM 50th anniversary celebrations to end in October in
Salzburg

e Call for Abstracts for the ISRM 2013 International Sym-
posium EUROCK 2013

e A successful 2nd South American Symposium on Rock
Excavations took place in Costa Rica, in August

e International Conference for Effective and Sustainable
Hydraulic Fracturing - HF2013  Invitation to submit an
Abstract for the ISRM SINOROCK2013

e 6th Rock Stress Symposium, 20-22 August 2013, Sendai
Japan - Call for Abstracts

e ISRM sponsored meetings

e ISRM Rocha Medal 2014 - nominations to be received by
31 December 2012

e New Delhi Asian Rock Mechanics Symposium Keynote
lectures now online

e Wudongde hydropower station - a new 10,200MW hydro-
power project

3 O

TheDamSNewsletter

http://www.icold-
cigb.org/userfiles/files/NEWSLETTERS /Newsletter%
2012-07-2012.pdf

KukAo@opnoe To Teuxog 12 (IoUAlog 2011) Tou The Dams
Newsletter Tng International Commission on Large
Dams € Ta NapakaTtw nepiexopeva:

Sucessful Congress in Kyoto

6th WWF stresses Water Food Energy

The WCD question in Marseille

WD water storage for sunstaible development
Central Europe goes for PSP

ICOLD regional Clubs

O3 D

vgen_mm

www.geoengineer.org

KukAo@opnoe 1o Telxog #92 Tou Newsletter Tou Geoen-
gineer.org (ZentepPplog 2012) pye NoAAEG XPAOIMEG NANPO-
@opi-g¢ yia OAa Ta B£uaTta TNG YEWTEXVIKAG MNXAVIKAG. Y-
nevOupi-getal 6T To Newsletter ekdideTalr and Tov ouvadeh-
PO Kal MENOG NG EEEErM AnuATen ZEKKO
(http://www.geoengineer.org/geonews90.htm).
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EKTEAEZTIKH ENITPONH EEEENM (2012 - 2015)

MNpoedpog

A’ AvTINpoedpog

B’ AvTinpoedpog

levikog Mpappareag :

Tapiag

AvanAnpwTng Tapia :

'EQOpPOG

Mé&An

AvanAnpwparika

Xpriotog TZATZANI®OZ, Ap. MoAITIKOG Mnxavikog, MANTAIA SYMBOYAOI MHXANIKOI E.[M.E.
president@hssmge.gr, editor@hssmge.gr, ctsatsanifos@pangaea.gr

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

MixaAng MAXAKHZ, MoAITIKOG Mnxavikog
mpax46@otenet.gr

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

MavwAng BOYZAPAS, MoAITIkOG Mnxavikog
e.vouzaras@gmail.com

Mwpyog NTOYAHZ, MoAITIkog Mnxavikog, EAAOOMHXANIKH A.E. TEQTEXNIKEZ MEAETEZ A.E.
gdoulis@edafomichaniki.gr

Mwpyog MMNEAOKAS, Ap. MoAITIKOG Mnxavikdg, Kévrpo Aopikwv Epsuvov kal MpotUunwv AEH
gbelokas@gmail.com, gbelokas@central.ntua.gr

Avopéag ANAITNQZTOMOYAOZ, Ap. MoAITIkOG Mnxavikog, OpdTigog Kabnyntng EMM
aanagn@central.ntua.grn

MixaAng KABBAAAZ, Ap. MoAITKOG Mnxavikog, AvanAnpwTtng Kadnyntng EMMN
kavvadas@central.ntua.gr

MéEAR XpnoTtog ANATNQETOMOYAOS, Ap. MoAITIkog Mnxavikdg, Kabnyntng MoAuTexvikng ZxoAng AMO

anag@civil.auth.gr, canagnostopoulos778@gmail.com
Znupog KABOYNIAHZ, Ap. MoAITIkKOG Mnxavikdg, EAA®OZ SYMBOYAOI MHXANIKOI A.E.
scavounidis@edafos.gr
AnuATpnc KOYMOYAOZ, Ap. MoAITIKOG Mnxavikog, KASTQP E.M.E.
coumoulos@castorltd.gr
MixaAng MMAPAANHE, MoAITIkdG Mnxavikog, EAA®OS SYMBOYAOI MHXANIKOI A.E.
mbardanis@edafos.gr, lab@edafos.gr

EEEEI'M

Topéag FEWMTEXVIKAG TnA. 210.7723434

ZXOAH NMOAITIKQN MHXANIKQN ToTt. 210.7723428

EONIKOY METZOBIOY NMOAYTEXNEIOY HA-AI. secretariat@hssmge.gr ,

MoAuTtexveiounoAn Zwypapou geotech@central.ntua.gr

15780 ZQrPA®0OY

IoTtoosAida www.hssmge.org (Uno Kataokeun)

«TA NEA THX EEEEMM» Ekd0TNnG: XprioTtog Toatoavipog, TnA. 210.6929484, ToT. 210.6928137, nA-dI. pangaea@otenet.gr, ctsatsani-

fos@pangaea.qgr, editor@hssmge.gr

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