EE

T 1T EAMnvikn Emitpotn Texvikng I'ewAoyiag

Tebdyog 4 — Maptiog 2013 Mélog g EAMnviknc I'ewloyikng Etaupeiog ETE
EkdOTNG:

EAANVIKA ETITPOTA

Texvikng M'ewAoyiag
A. KamAavidng, Npoedpog

B. Mapivog, Mpappateag |AEG X" CONGRESS

K. Aoumacdkng, Tapiog Torino 2014
X. ZapoyAou, MEAoG . .
Engineering Geology for

Society and Territory

ZUVTGKTlKﬂ 0H0‘50‘3 Editorial Ayamnroi cuvadeiopot,

B. Mapivog, Aéktopag AMNGO

I. Towpoutidng, MéAlog

. NatraBavagiou, Ap. MNewAdyog AlNO
X. ZapoyAou, Ap. N'ewAdyog EMIMN

K. Aoutraodkng, Aéktopag EMIN

Editorial 1
Néa tng EETI 2
Néa tng ETE 3
Mapouaiaon ouvedplwv 4
2uvedpieg pehwv EETI 10
ApiEpwpa ota 50 xpovia anod

Vv idpuon t™ng IAEG 13
Enotnpovikd ApBpo 15
Mapouaiaon M. Mapivou 19

Huepohdylo 29 2 uveyicetal otnv endpevn oeAida




EvnuepwTikd deATio - Teuxoc 4 MdpTioc 2013
2UVEXELA

AnovopuRi tou napaciuou «Chevalier dans I’ Ordre des Palmes
académiques» otov Opétipo KabnyntA lNavAo I'. Mapivo

AyannTtoi ouvadeAgol,

Me 18laitepn xapd oag avakowwvoupe OTL N TaAAK Anupokpatia, anévele To napdonuo Tou
«Chevalier dans I' Ordre des Palmes academiques» (Inn6tng Tou TAYHATOG TWV AKOdNUATKWY
Qowikwv) otov OpéTipo Kabnynth t™ng ZXOAAG MoAttikwv Mnxavikwv, [avAo T.
Mapivo, oe avayvwplon TG CUPBOAAG TOU «a I expansion de la culture francaise dans le

monde» (81ddoon Tou YaAAIKOU NOALITIOHOU avd TOV KOGHO).

Qg EAAnvikn Enttponn TexvikAg MewAoyia 6a BEAapE va ekppdooupe Ta Bepud pag ouyxapntipla
otov Ouotio Kabnyntn MavAo Mapivo kot Téwg npdedpo tng AleBvoug ‘Evwong TeXVIKNAG
MewAoyiag kat MNepPdArovtog (IAEG), aAAG Kat TEwG NPOEdPO TNG ENTPONNAG HOG VIO TNV TIUA
auTh).

MNnatnv EETC
O Mpdedpog
Avdpéag KanAavidng
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NeEa tng EAAnvikAC NewAoyikng Etatpeiag

Avavéwon d1adikTuakoU TotTou EINE

H EMnvikq Mewloyiki Etalpeia avavéwoe tnv Acttoupyia Tou vEou OLOBIKTUOKOU TNG

TONou (www.geosociely.gr) HE OTOXO va avTanokplBel OTIC OUYXPOVEG ANALTACELG
EUENIKTNG ENKOWVWVIOG.
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1 3th |ntel’nati0na| Cong ress ofthe Geological Society of Greece
September 5-8 2013, Chania, Crete, Greece
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To 120 d1eBveg ouvedplo NG IAEG pe kuplo Bepa “For

Society and Territory” €xel wg KUpLO 0TOXO va avalugeL ToV
duvaulkd poio tng TexvikAg MNewAoyiag peoa anod pa oepd
ouvedplwy og TEgoepa PBaoikd BEpaTa:
1.“ENVIRONMENT”

2. “PROCESSES”

3.“ISSUES”

4 “APPROACHES”

Mapakdtw napouctdlovTal oL MPOTEWVOUEVEG Ouvedpieg
Tou 120u AleBvoug ouvedpiou t™ng IAEG. lNeploodtepeg
NANPOYOPIEG YIa TO AVTIKEIHEVO TwV CuvedpPLWY undpxouv
OTOV LOTOTONO TNG £VWOoNG

XIl International IAEG Congress
15-19 September 2014

Torino, Italy

SESSION SUBSESSION

1.1 - CLIMATE CHANGE AND THE MOUNTAIN ENVIRONMENT

1.2 - CLIMATE CHANGE AND WATER RESOURCES

1.3 - CLIMATE CHANGE IN AN EMERGENCY MANAGEMENT PERSPECTIVE

1.4 - CLIMATE CHANGE: IMPACTS ON NATURAL RESOURCES AND HAZARDS

1.5 - CLIMATE CHANGES VS. COASTAL PROCESSES AND MORPHODYNAMICS

1.6 - CLIMATE, POPULATION, CONTAMINANTS AND WATER: IS ENGINEERING
GEOLOGY READY FOR THE CHALLENGE?

1.7 - DOWNSCALING CLIMATE INFORMATION FOR IMPACT STUDIES

1 - CLIMATE 1.8 - DUST: SOURCES, IMPACTS, MITIGATION AND REGULATION
CHANGE AND

ENGINEERING 1.9 - ENVIRONMENTAL AND ENGINEERING GEOLOGICAL PROBLEMS IN
GEOLOGY PERMAFROST REGIONS IN THE CONTEXT OF A WARMING CLIMATE

1.10 - EXPLORATION, EXPLOITATION AND MONITORING GEOTHERMAL ENERGY
FIELDS: THE ROLE OF GEOPHYSICS

1.11 - IMPACT OF CLIMATOLOGICAL CHANGES ON THE HYDRO
GEOMORPHOLOGICAL PROCESS IN THE COAST AREAS

1.12 - INSTABILITIES OF ALPINE PERMAFROST

1.13 - LANDSLIDES, CLIMATE AND GLOBAL CHANGE

1.14 - ROLE OF GEOSCIENCES IN CLIMATE CHANGE AND ENERGY SECURITY

1.15 - SLOPE DYNAMICS AND ITS CONTROL IN A CLIMATE CHANGE SCENARIO

2.1 - ADVANCED LANDSLIDE FIELD INSTRUMENTATION AND MONITORING

2.2 - APPROACHES TO LANDSLIDE RISK MODELLING AND MITIGATION

2 - LANDSLIDE 2.3 - CHARACTERIZATION, MONITORING AND MODELLING OF LARGE SLOPE
PROCESSES INSTABILITIES AND THEIR INTERACTION WITH ENGINEERING STRUCTURES

2.4 - CHARACTERIZING AND MONITORING LANDSLIDE AND GROUND
DEFORMATION PROCESSES USING REMOTE SENSING AND GEOPHYSICS

4
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2.5 - COSEISMIC LANDSLIDES

6 - DEBRIS FLOWS: MECHANICS, MONITORING, MODELING, MITIGATION
MEASURES, HAZARD AND RISK ASSESSMENT AND MANAGEMENT.

2.7 - DEEP-SEATED GRAVITATIONAL SLOPE DEFORMATIONS: INNOVATIVE
MULTIDIMENSIONAL APPROACHES AND TARGETED APPLICATIONS

2.8 - EARLY WARNING SYSTEMS FOR LANDSLIDE HAZARD AND RISK MANAGEMENT

2.9 - EARTHQUAKE-INDUCED LANDSLIDES

2.10 - FAILURE MECHANISMS OF LARGE ROCK SLOPES

2.11 - GEOTECHNICAL DESIGN AND ASSESSMENT OF NEW AND EXISTING RIVER
EMBANKMENTS

2.12 - GIANT LANDSLIDES - MAJOR HAZARD FROM RARE EVENTS

2.13 - HAZARD MAPPING

2.14 - IMPACT OF HYDROPOWER LAKE WATERS ON THE DESTABILIZATION OF
SLOPES AND CAUSING LANDSLIDES TO ITS SHORES

2.15 - INTERPRETATION OF LANDSLIDE MECHANISMS FOR RISK MITIGATION

2.16 - LANDSLIDE DAM: FORMATION AND STABILITY

2.17 - LANDSLIDE FORECAST USING NEW TECHNIQUES AND EARLY WARNING
SYSTEMS

2.18 - LANDSLIDE NUMERICAL MODELING

2.19 - LANDSLIDE RECOGNITION, EARLY WARNINGS AND RISK MANAGEMENT

2.20 - LONG-TERM MONITORING OF DEEP-SEATED GRAVITATIONAL SLOPE
DEFORMATIONS FOR HAZARD ASSESSMENT AND MITIGATION

2.21 - MATHEMATICAL-NUMERICAL MODELLING APPROACHES FOR SLOPE
STABILITY ANALYSES

2.22 - MECHANISMS OF INITIATION OF RAPID LANDSLIDES

2.23 - MONITORING AND EARLY WARNING

2 - LANDSLIDE
PROCESSES

2.24 - MONITORING AND MODELING OF LANDSLIDE PROCESSES

2.25 - NUMERICAL AND ANALYTICAL METHODS FOR PREDICTION OF LANDSLIDE
DEFORMATION EVOLUTION

2.26 - PASSIVE SEISMIC METHODS FOR UNSTABLE MASSES MONITORING

2.27 - PREDICTION METHODS FOR RAINFALL TRIGGERED LANDSLIDES

2.28 - RAPID LANDSLIDE PROPAGATION: PHYSICAL AND NUMERICAL MODELING

2.29 - RAPID MASS MOVEMENT OF ROCK
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2.30 - RISK ANALYSIS, ASSESSMENT AND MANAGEMENT

2.31 - ROCKFALL PROTECTION

2.32 - ROCKFALL RISK ASSESSMENT AND MANAGEMENT - CURRENT PRACTICE AND
DEVELOPMENTS

2.33 - SLOPE STABILIZATION AND PROTECTION MEASURES: CONCEPTS AND
METHODS

2.35 - WATER IN SLOPE INSTABILITY: HYDROLOGICAL, MECHANICAL AND
CHEMICAL PROCESSES

3 - RIVER
BASINS,
RESERVOIR
SEDIMENTATION
AND WATER
RESOURCES

3.1 - DAMS AND WATER RESOURCES MANAGEMENT

3.2 - DAMS, SEDIMENT AND GEOMORPHIC PROCESSES

3.3 - DEBRIS-FLOW MONITORING AND WARNING

3.4 - DYNAMICS OF LARGE WOOD IN RIVER BASINS: RECRUITMENT, TRANSPORT
AND RELATED HAZARD

3.5 - EPHEMERAL STREAMS IN KARST AREA: BEHAVIOUR AND FLOOD RISK

3.6 - GROUNDWATER MODELLING

3.7 - HAZARD MAPPING

3.8 - INTEGRATED RIVER MANAGEMENT

3.9 - MATHEMATICAL-NUMERICAL MODELLING OF RIVER MORPHODYNAMICS AND
DEBRIS FLOWS

3.10 - MODELING OF ALLUVIAL AQUIFER SYSTEMS

3.11 - REMEDIATION OF POLLUTED ACQUIFERS AND SUBSOILS

3.12 - RIVER BASIN FLOODS AND ONSHORE-OFFSHORE CLIMATE

3.13 - RIVER BASIN MANAGEMENT AND FLOODS: THEORIES AND GOOD PRACTICES
IN ENGINEERING AND GEOLOGY

3.14 - SEDIMENT DYNAMICS AND TRAJECTORIES OF CHANNEL ADJUSTMENTS

3.15 - SEDIMENT MANAGEMENT IN HYDROPOWER PROJECTS

3.16 - SEDIMENT, MORPHODYNAMICS AND FLOOD RISK

3.17 - WATER BASINS MANAGEMENT IN SEMI-ARID REGIONS

3.18 - WATER RESOURCE ASSESSMENT IN KARST AND FRACTURED AQUIFERS

3.19 - WHAT IS EXPECTED FROM THE EMERGING MONITORING TECHNOLOGIES FOR
THE SURFACE HYDROLOGICAL PROCESSES ANALYSIS AT CATCHMENT SCALE

4 - MARINE AND
COASTAL

4.1 - COASTAL AND OFFSHORE GEODISASTERS

4.2 - COASTAL LANDSLIDES AND THEIR CONSEQUENCES IN THE MEDITERRANEAN
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PROCESSES

BASIN

4.3 - COASTS AT THREAT: CAUSES AND CONSEQUENCES OF COASTAL SETTLEMENTS
AND MARITIME TRANSPORTATION

4.4 - COASTS AT THREAT: CAUSES AND CONSEQUENCES OF SEDIMENT
UNDERSUPPLY

4.5 - LANDSLIDING IN FJORDS: CAUSES AND CONSEQUENCES

4.6 - MONITORING AND MEASUREMENT OF SEABED DYNAMIC PROCESS

4.7 - RELATIVE LAND SUBSIDENCE IN TRANSITIONAL COASTAL ENVIRONMENT:
CAUSES, EFFECTS, QUANTIFICATION, MONITORING

4.8 - SUBMARINE MASS MOVEMENTS: HAZARDS AND RISK ASSESSMENT

5 - URBAN
GEOLOGY,
SUSTAINABLE
PLANNING AND
LANDSCAPE
EXPLOITATION

5.1 - AGGREGATES — THE MOST WIDELY USED RAW MATERIAL

5.2 - ANALYSIS AND CONTROL OF GROUND DEFORMATIONS BY REMOTE
MONITORING

5.3 - BUILDING STONES & ORNAMENTAL ROCKS - RESOURCE EVALUATION,
TECHNICAL ASSESSMENT, HERITAGE DESIGNATION

5.4 - COMMUNICATING ENGINEERING GEOLOGY WITH URBAN PLANNERS

5.5 - COMPLEXITY IN HAZARD AND RISK ASSESSMENT

5.6 - ENGINEERING GEOLOGY IN RURAL INFRASTRUCTURE PLANNING

5.7 - ENGINEERING PROBLEMS IN KARST

5.8 - EXCAVATION IN POTENTIALLY ASBESTOS-BEARING ROCKS: METHODOLOGIES
FOR RISK EVALUATION AND SAFETY MANAGEMENT

5.9 - EXPERIENCES AND POTENTIALITIES OF DATA-DRIVEN MODELING IN EARTH
SCIENCE ISSUES

5.10 - GEOHAZARD IN URBAN SCENARIOS: FORECASTING AND PROTECTIVE
MONITORING

5.11 - GEO-HYDROLOGICAL RISK AND TOWN AND COUNTRY PLANNING

5.12 - HANDLING DIMINISHING RESOURCES OF GOOD ROAD CONSTRUCTION
MATERIALS

5.13 - LANDSLIDE AND FLOOD HAZARD IN URBAN AREAS: ASSESSMENT,
MONITORING AND MITIGATION STRATEGIES

5.14 - LEGAL POLICY AND MANAGEMENT ASPECTS OF SUSTAINABLE UNDERGRIUND
URBAN DEVELOPMENT

5.15 - MAPPING URBAN SUBSURFACE FOR GEOHAZARD ASSESSMENT AND RISK
MANAGEMENT

5.16 - OFF-FAULT COSEISMIC SURFACE EFFECTS AND THEIR IMPACT IN URBAN
AREAS
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5.17 - REDUCING RISK FROM EARTHQUAKE INDUCED LANDSLIDES

5.18 - REMOTE SENSING APPLICATIONS FOR THE DETECTION, MONITORING,
MODELING AND DAMAGE ASSESSMENT OF CRITICAL STRUCTURES AND COMPLEX

5.19 - SURFACE FAULT-RUPTURE HAZARD IN URBAN AREAS

5.20 - THE SEISMIC MICROZONATION: INPUT DATA, METHODOLOGY AND IMPACT
ON PLANNING

5.21 - UNDERGROUND URBAN DEVELOPMENT

5.22 - URBAN AND LAND PLANNING VERSUS RISKS RESILIENT MANAGEMENT

5.23 - URBAN AREAS IN KART TERRAINS

6 - APPLIED
GEOLOGY FOR
MAJOR

6.1 - ADDRESSING GEOLOGICAL UNCERTAINTIES IN MAJOR ENGINEERING
PROJECTS

6.2 - APPLIED AND ACTIVE TECTONICS

6.3 - APPLIED GEOLOGY FOR INFRASTRUCTURE PROJECTS

6.4 - CAPTURING AND COMMUNICATING GEOLOGIC VARIABILITY AND
UNCERTAINTY

6.5 - CASE STUDIES/ NEW WAYS FOR ENG.GEOLOGICAL INVESTIGATIONS OF HYDEL
OR TUNNELLING PROJECTS

6.6 - CONSTRUCTION IN COMPLEX GEOLOGICAL SETTINGS - THE PROBLEMATIC OF
PREDICTING THE NATURE OF THE GROUND

6.7 - ENGINEERING GEOLOGICAL PROBLEMS IN DEEP SEATED TUNNELS

ENGINEERING

PROJECTS 6.8 - ENGINEERING GEOLOGICAL PROBLEMS RELATED TO GEOLOGICAL DISPOSAL
OF HIGH-LEVEL NUCLEAR WASTE
6.9 - ENGINEERING GEOLOGY AND DESIGN OF HYDROELECTRIC POWER PLANTS
6.10 - FLOOD WATER PROTECTION
6.11 - GEOLOGICAL MODEL IN MAJOR ENGINEERING PROJECTS
6.12 - IMPACTS OF ENVIRONMENTAL HAZARDS TO CRITICAL INFRASTRUCTURES
6.13 - INNOVATIVE METHODS IN CHARACTERIZATION AND MONITORING OF
GEOTECHNICAL STRUCTURES
6.14 - LARGE PROJECTS IMPACT ASSESSMENT, MITIGATION AND COMPENSATION
6.15 - PROPERTIES AND BEHAVIOUR OF WEAK AND COMPLEX ROCK MASSES IN

6 - APPLIED MAJOR ENGINEERING PROJECTS

GEOLOGY FOR

MAJOR 6.16 - RADIOACTIVE WASTE DISPOSAL: AN ENGINEERING GEOLOGICAL AND ROCK

ENGINEERING MECHANICAL APPROACH

PROJECTS

6.17 - SUBSURFACE WATER IN TUNNELS: PREDICTION, ESTIMATION, MANAGEMENT
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6.18 - SUSTAINABLE WATER MANAGEMENT IN TUNNELS

6.19 - UNCERTAINTY AND RISK IN ENGINEERING GEOLOGY

6.20 - URBAN TRANSPORTATION INFRASTRUCTURE

7 - EDUCATION,
PROFESSIONAL
ETHICS AND
PUBLIC
RECOGNITION
OF
ENGINEERING
GEOLOGY

7.1 - ENGINEERING GEOLOGICAL MODELS

7.2 - FIFTY-YEAR-LONG HISTORY OF IAEG IN EVENTS AND PERSONALITIES

7.3 - GEOETHICS AND NATURAL HAZARDS: COMMUNICATION, EDUCATION AND THE
SCIENCE-POLICY-PRACTICE INTERFACE

7.4 - GEOETHICS IN EARTH AND PLANETARY SCIENCES

7.5 - REASON AND BEING (RAISON D'ETRE) OF THE ENGINEERING GEOLOGICAL

7.6 - RESILIENCE 2 CITIZENS & CITIZENS 4 RESILIENCE. FROM COLLABORATIVE
RISK MANAGEMENT TO KNOWLEDGE SHARING OF NATURAL HAZARDS

7.7 - STANDARDS, GUIDELINES AND BEST PRACTICES FOR ENGINEERING GEOLOGY

8 -
PRESERVATION
OF CULTURAL
HERITAGE

8.1 - CONSERVATION OF HERITAGE OF EARTHEN STRUCTURE, EARTH MOUND, DAM,
ROCK MONUMENT, AND ROCK CAVERN

8.2 - ENGINEERING GEOLOGY AND PRESERVATION OF CULTURAL HERITAGE

8.3 - ENGINEERING GEOLOGY PROBLEM OF PRESERVATION AND RESTORATION OF
THE CULTURAL HERITAGE

8.4 - ENGINEERING GEOLOGY PROBLEMS AND PRESERVATION OF CHINESE CAVES
AND EARTHEN ACHITECTURE SITE

8.5 - GEOHERITAGE, GEOSITES, GEOPARKS: CONTRIBUTIONS OF THE ENGINEERING
GEOLOGY IN THE MANAGEMENT OF NATURAL AND CULTURAL LANDSCAPE

8.6 - GEOPHYSICAL AND GEOLOGICAL EVALUATION OF BURIED OR SUBMERGED
ARCHAEOLOGICAL SITES

8.7 - MONITORING AND MODELLING APPLICATIONS FOR THE DIAGNOSIS OF THE
ACTUAL CONDITIONS, PRESERVATION AND MANAGEMENT OF CULTURAL HERITAGE

8.8 - PRESERVATION OF CULTURAL HERITAGE FROM NATURAL HAZARDS

8.9 - PROTECTION OF CULTURAL AND NATURAL HERITAGE FOR MASS-FAILURE RISK
REDUCTION

8.10 - SUSTAINABLE PROTECTION AND MANAGEMENT OF CULTURAL AND NATURAL
HERITAGES AS A TOOL FOR SOCIO-ECONOMIC GROWTH OF DEVELOPING
COUNTRIES

8.11 - THE ROLE OF HISTORICAL ARCHIVES IN THE ASSESSMENT, MANAGEMENT
AND VALORIZATION OF CULTURAL LANDSCAPES

8.12 - WEATHERING AND PRESERVATION OF BUILDING STONES AND OTHER
MATERIALS
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MeTaU Twv npoava@epOUEVWV MNPOTACEWY €KWV Ouvedplwv nNepAapBavovTal Kal Tpeig and
ouvadEApoug PEAN tng EETI. MNpookaAouvTtal oL cUVABEAPOL VA €VIOXUOOUV TIG NPOTACEIG QUTEG
unoBAaArlovTag nepANYELG. AUTEG €ival:

1. Topic:
Landslide Processes

Session:
2.32 - Rockfall risk assessment and management - current practice and developments

Brief Description of Session:

The session scope is to present current practice and recent developments on the identification of
rockfall phenomena and the assessment and management of rockfall risk on human activities and
infrastructure (transportation infrastructure, inhabited areas, national heritage sites). The Session is of
great interest to geoscientists in Europe and throughout the world. Universities and research Institutes
have performed state-of-the-art research on the Session topic and will be invited to present their
research results.

The number of Workshops organised recently, in Europe and worldwide highlights the importance of
the session topic and the need for knowledge exchange. The Session will be structured according to
the following topics: A) Rockfall Risk Rating Systems. B) Rockmass characterisation - instability. C)
Rockfall trajectory analysis (experiments and modelling). D) Advanced techniques for monitoring rock
slope instabilities. E) Hazard mapping, risk assessment, management and mitigation.

Convener: Dr Haris Saroglou

Co-Convener: Fred Berger Young Researcher: Pavios Asteriou

10
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2. Topic:
Applied geology for major engineering projects

Session:
6.15 - Properties and Behaviour of Weak and Complex Rock Masses in Major Engineering Projects

Brief Description of Session:

Numerical analysis and computational methods in geotechnical engineering are fields where great
progress has been achieved. However, in the case of weak and complex rock masses, the results
still involve uncertainties due to the difficulties in the reliable estimation of intact rock properties and
the realistic quantification of rock mass properties and behaviour. The special features of these
rock masses regarding both their structure and lithology impose a more specialized research. The
weak rock masses could be cases with very low intact rock properties, highly tectonized or/and
weathered rock masses, rock masses with members of low strength and/or inherent heterogeneity.
This Session may contain papers on weak and complex rock masses, regarding in situ and
laboratory testing, characterization, geotechnical classification, design parameters, behaviour,
reinforcement and support measures and performance of the construction method adopted in the
design approach according to the engineering project.

Convener: Dr Vassilis Marinos
Co-Convener George Stoumpos Young Researcher: Petros Fortsakis

3. Topic:
Preservation of cultural heritage

Session:
8.2 - Engineering Geology and Preservation of Cultural Heritage

Brief Description of Session:

Monuments reflect the image of the civilization and describe its evolution during the centuries.
They combine harmony with magnificence and beauty with measure. In this framework, the
monuments need protection particularly in regions where the seismotectonic regime is active, and
the geomechanical conditions are complex. Phenomena like settlement and slope movement as
well as earthquakes and ground water activity contribute to the damage of the historical buildings
and the archaeological site. The investigation of weathering of building stones and mortars is very
important for determining the most appropriate consolidation and restoration methods. It is obvious
that the common ground stabilization methods are not always possible to be used in monuments
because of their probable incompatibility to the historical and architectural character of the site. The
compatibility of conservation with the historic materials and structures becomes a critical factor for
the selection and development of appropriate techniques. For this reason, scientific groups perform
a research study on specific conservation techniques.

11
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For this reason, scientific groups perform a research study on specific conservation techniques. In
the selection of the stabilization methods, consideration is given to a number of factors including a)
the material lithotypes, b) the compatibility of mortars and stones with the original ones, c) the
stability of the ground in relation to the tectonic, d) the ground water conditions, €) the degree of
hazard and risk and h) the necessity to reduce or eliminate the hazard. In the present time, the
scientific society establishes innovative techniques for reducing damages due to atmospheric and
geotechnical causes and for protecting monuments. It is a multidisciplinary scientific work, which
needs collaboration of specialities such as archaeologists, chemists, geotechnics, architects,
engineers and others who can involve in the subject, by offering their specific knowledge and
experience. But the more important aspect is the comprehension and the creation of conscience
that the protection of cultural heritage needs essentially a multidisciplinary approach, not only at
scientific level but also at social and political level. It is necessary, all people to understand that the
conservation of our cultural heritage is not only related to our past but also to our future, because
the future is based on the knowledge of the past and as the Greek Nobelist George Seferis said
“Because the statues are no longer ruin, they are we”.

In this framework, the Commission No 16 (of “Engineering Geology and Ancient Monuments and
Archaeological Sites”), of the International Association of Engineering Geology and the
Environment (IAEG), proposes a scientific session related on “Engineering Geology and
Preservation of Cultural Heritage”.

Convener: Prof. Basile Christaras

Co-Convener: Dr. Vassilis Marinos

XpARoiuol ouvdeo|lol:
loToogAida Zuvedpiou:

YT1roBoAn MepIAjyewv:
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Ané Ap. X. ZapoyAiou

2uveyidovtag To a@EPWHa yia Tov €opTacud Twv 50 xpovwv and tnv idpuon tng IAEG, otnv

evotnTa auth Tou EvnuepwTtikou AeAtiou yivetal ouvtoun ava@opd ota Alebvr) Zuvedpla nou

€xouv dlopyavwBei ané tn Aebvr 'Evwaon and to 1970 péxpt onuepa.

1970 - Paris -1°' IAEG Congress

To 2Zuvedplo nepleEAGUPBaveE TIG AKOAOUBEG BEUATIKEG EVOTNTEG:

© © N O g A~ WN =

Natural and industrial materials of construction

. Geological phenomena in relation to engineering structures
. Properties of soils and rocks

. Weathering phenomena of soils and rocks

. Methods of consolidation of soils and rocks

. Exploration methods and techniques

. Engineering geological mapping

. Construction problems and case histories

. Other subjects

1974 - Sao Paulo -2"? IAEG Congress

To 2ZuveEdplo neplEAGUPBavVE TIG AKOAOUBEG BEUATIKEG EVOTNTEG:

N o g bk~ o bh =

Teaching and Training in Engineering Geology

Seismic Phenomena and Engineering Geology

Engineering Geology related to urban and country planning

Engineering properties and classification of natural materials of construction
Mass Movements

Engineering Geology related to Dam Foundations

Engineering Geology and Underground construction

13
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1978 - Madrid- 3" IAEG Congress

To Zuvedplo nepleAapPave TIG akOAOUBEG BEUATIKEG EVOTNTEG:

5. Regional Planning
— Terrain evaluation for regional and urban development
— Natural risks: mass instability, flooding, volcanoes, earthquakes,

avalanches, etc.

— Coastal problems
— Quarry incidences
— Selection of sites for nuclear installations
— Other

6. Properties of Soils, Rocks and Rock Masses
— Weathering and weatherability of soils and rocks
— Influence of petrographic characteristics (mineralogy, texture, fabric, etc.)

on properties of soils and rocks

— Influence of discontinuities on properties of soils and rock masses
— Soils and rocks as construction materials
— Engineering geological classification systems

7. Site evaluation and Engineering Geology problems related to special works
— Linear structures: roads, canals, railways, pipelines, etc.
— Dams and reservoirs
— Underground structures
— Marine structures: harbours, offshore platforms, etc.
— Nuclear power plants
— High precision installations: synchrotrons, satellite tracking antennae etc.
— Other

8. Development of Engineering Geological Investigation techniques
— Boring and sampling
— In situ testing
— Geophysical methods
— Remote sensing
— Special techniques for underwater investigation
— Post-construction monitoring
— Other

Speciality Sessions:

« Teaching of Engineering Geology
« Disposal of urban, industrial and radioactive refuse
* Minimizing damages to the environment by mining operations

» Computer uses in Engineering Geology
2UVEXELO OTO ENOPEVO TEUXOG

14
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EntotnUoVviKO GpOpo: AKOUOTLKR EKNOUNNA pappdapou
Alovioou og povoagovikiy OAiyn

MM Nouikég, Al Zoplavog

Epyaotrplo Texvoloyiog AldvolEng Znpdyywv, TopEag MEeTAANEUTIKAG, ZXOAR Mnxavikwv
MeTaAAeiwv-MeTaroupywv, EMIM

MEPIAHWH

Mapouoialovtal Ta ANOTEAECUATA KATAYPOAPWY OKOUOTIKAG EKMOUNAG Hapupdpou Alovuoou o€
povoagovikh BAIwN. MpopaTikd Kal KUBIKA OOKipa poapudpou gopTi(ovTal o€ HovOoagoVvIKh BAIYN
pHE oTaBepPd pubBusd OPTIONG MEXPL Bpauong kal €Eetdlovtal BepeAwdelC NAPAPETPOL TNG
EKAUOHIEVNG OKOUOTIKAG €KNOUNNG. Ta anoteAéopata deixvouv paydaia augnon Tng aKOUOTIKNAG
OpaoTNPOTNTAG KAl TNG EVEPYEING TWV ONUATWY OKOUOTIKAG €KMOUMAG Alyo npwv TO HEYLIOTO
@opTio. H anétoun peiwon TG KAoNG otn oxéon Hey€00uUG ONUATWY KAl CUXVOTNTOG EUPAVIONG
akoAouBeital and tn Bpauon Tou NETPWHATOG.

1 EIXArQrH

Qg Akouotik Eknopnr (Acoustic Emission, AE) opiovtal Ta PETARATIKA EAAOTIKA KUMATO MOU
npoEpxovtal and Tnv Taxela aneAeuBEPWOn EVEPYELNG O TOMIKEG NNYEG OTO EOWTEPIKO €VOG
UAIkOU. H npoéleuon tng AE oTa netpwpata OXeTi(etal pe Tnv €vapén Kal thn o1adoon
HIKPOPWYHWY otn dour) Tou, O6tav autd katanoveitat (ISRM 2002). H kataypagn tng AE
XPNOWONoONKe apxIKA yia tnv npopAewn Twv Bialwv eKTIVAEEWY TWV NETPWHATWY O Babla
pHeTalAeia (Obert & Duvall 1942). ZApepa, Ta oUyXpova CUCTHHATA KATAYPAQNG Kal ENEEEpyaoiag
Kal N SLlOPKWG augavopevn 1oXUG TWV UKPOENEEEPYAOTWY ENTPENOUV TNV NPOXWPNUEVN avaAuon
Twv onuatwv AE og npaypatiko xpovo. 'Etol, n AE €EehixBnke otadlokd o€ Bacikd PYAAEio yia
TNV NPOPAEYn TNG AOTOXIOG TOU NETPWHOTOG OTIC EPYOOTNPIOKEG OOKIMEG (N.X. Lockner 1993,
Kao et al. 2011). Ztnv napouoca epyacia, napouctdfovTal Ta anoTEAECUATA NAPAKOAOUONONG TNG
AE og pdppapo Alovuoou uno BAINTIKR @opTion. EEeTddeTal n eEEAEN BepEAWdWY NAPAUETPWV
™G AE pe TN @OpTION HE €BIKOTEPN E€UPACN OTN XPNOWOTNTA TOUG WG MNPOEOONONTIKA
@awvopeva npv anod tnv Bpavon Twv dOKIMiwy.

2 MEIPAMATIKH AIAAIKAZIA
2.1 Aokiua kat option

Ta deiypata pappdpou Alovioou Nou XPNOLOoNotnNKav OTIG EPYOOTNPLOKEG OOKIUEG EAAYONnoavV
and To Aatopeio TNG neploxng Alovuoou ATTIKAG. MNpOoKeLTal yia aoBECTITIKO PEOOKOKKO HAPUApPO
HE KUPLO OUOTATIKO aoBeoTitn Kal o€ UKPA nocootd xaAalia kat doAopitn. H péon didotaon Twyv
KOKKWwV Tou givat 0.45 mm nepinou. To povaduaio Bapog Kupaivetal nepi ta 27 kN/m3. Adyw ™mng
QAVIOOTPONIAG TOU Ol KNXAVIKEG TOU OOTNTEG PETABAANOVTAL AVAAOYQ E TN Ywvia TnG dleuBuvong
NG OPTIONG WG NPOG TO KUPLO €NINESO AVICOTPONIAG TOU NETPWHOATOG.

Ta doKipa nou xpnotponotiinkav yia Tig doKIEG OAIYNG NTav KUBIKA akpAg 10 cm kat NPLOPOTIKA
dlootaoewv 5x5x10 cm. Ot OOKIPEG €KTEAECONKavV pE OTOBEPO pubud @oOPTIONG, VW TO
€QAPHUOCOUEVO QOPTIO KAl Ol AEOVIKEG KAl NMAEUPIKEG TPOMEG KATAYPAPOVTAV TAUTOXPOVA HUE TNV
kataypa®n tng AE kaB’ 6An tn ddpkela TG SOKIUAG. Ta dokipa @opTtiodnkav pHEXpL Bpavong
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2.2. NapakoAouBnon aKkouoTIKIG EKMOUMNG

Ma tnv Aqun Twv onuatwyv AE xpnowono)nkav nefonAekTpkoi atodbnTtApeg TonobeTNUEVOL OTNV
€Npavela Tou doKIpiou. Na tn oudeugn alodNTAPA-NETPWHATOG XPNOonolBnke Aenti oTpwon ano
OW\IKOVOUXO YpPAoo, €vw n otabeponoinon Toug OTnv enPAveld Tou OOKIMIoU €MITEUXONKE pE
€NAOTIKEG Tavieg. H ouleugn Twv aodBnthpwy PE TO NETPWHA EAEYXONKE He TNV TeXVIKH PLB (pencil
lead break) npwv andé tnv eKTEAeOn KABe OOKIUNAG. Xpnowonowinkav aiobntripeg AE pe @doua
ouxvotATtwv Acttoupyiag 200 kHz wg 1 MHz (oUpewva pe tov kataokeuaotr)). Ot BEoelg Twv
alodnTHPWYV Y €va NPIOUATIKO dOKIipLo divovTal 0To ZxAua 1.

2xAua 1. Mewpapatikn ddtagn kat tonoBETNon alobntRpwyv AE

3 ANIOTENAEZMATA
3.1 Apaotnpiotnta AE

2TO ZXAMa 2 napouclaleTtal N avnyuévn aBpoloTikh dpaoctnpotnTta AE Kat n avnypévn agovikn
TPOMNA OUVAPTACEL TNG AVNYHEVNG OEOVIKAG TAONG 04/ 0max, YO OOKIUR O€ £va NPIOUATIKO KAl O€ £va
KUBKS Sokipo. MNa To NPOPATIKO QOKIUo (ZXAUa 2a) n €vapgn TNG AKOUOTIKAG dpaoTtnpldTnTag
napatnpeitat oto 25-30% Ttou pEylotou @opTtiou. QoTd0O0, CNUAVTIKA OKOUOTIKH dpaoTtnpldtnTa dev
ey@avietal pExpt nocootol 50 % Tou peyloTou @opTiou. H ekAudpevn AE auEdavetal oTadlakd pe
™V €@appoldéuevn tdon, evw paydaia avénon NG ep@aviletal LETA TO 95% Tou PEYIOTOU QOPTiou
Kal HEXPL TNV Bpauon.

1.0 1

——Avnypévn agovikr TpoTTA

| 08 } i o8
. === Avnypévn aBpolioTikr) Spactnpidtnta AE Vi

—Avnypévn agovikn ot

=== Avnypévn aBpoioTiki SpacTtnpiétnTa AE

(a)

L 0.6 - 06

o

o
AE

AE

Avnypévn agovikr TpoTTr

S04 L 0.4

(ga'aa,preload)/aa,max

T L 02 02

Cube #1

_____

o
=}

T T T 0 0 T T T T
0.2 0.4 0.6 0.8 1.0 0.5 0.6 0.7 0.8 0.9 1
Avnypévn agovikni Taon Avnypévn agovikr Tdon

2XAMa 2. Avnypevn aBpoloTikh dpaotnpldtnTa AE Kat avnypEvn agovikr Tponr cuvapTAOEL TG AVNYUEVNG
agOoVIKAG TAONG: (a) YO VA NPLOUATIKO BOKIiULO, (B) yia €va KUBIKO dOKIULO.
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Ma 1o KUPBIKO dOKiuo, N Evapgn €kAuong AE evtoniobnke oe @opTio K&dtw Tou 20% Tou PEYIOTOU.
Mapatnpeital pia otadlok avgnon tou pubpou €kAuong onuatwv AE péxpt To 95% Tou HEyIoTOU
@opTiou, evw otn ouvéxela n AE augavetal paydaia Ewg th Opauvon.

3.2. Evépyela onuatwv AE

H ekAudpevn evépyela KaTa Tn @OPTION, HNopel va ekTunOel and tn péon otddun ASL (Average
Signal Level) tTwv onudtwv AE, nou akoAouBei Tn Ol0KUPAvVON ToOUu MNAGTOUG TOU OAUATOG KOl
petpeital oe dB (PAC 2005). 2to xAua 3 divetal n TiuR ASL twv onudatwv AE, avnypévn wg npog
TN HEYLOTN T KATA TN SAPKELD TNG OOKIWNAG, YO €va NMPLOUATIKO Kal yia €va KUBIKO dokipo. Na to
NPOMATIKO OOKipo (ZxAHa 3a) napatnpeitat oxedoOv YPOUUKA augnon tng TWAG ASL HEXPL
avnypévng agovikng tadong 0.95 nepinou. Mia andtopn augnon TnNG KAIONG MiaG unoBeTIKAG OL-
YPAUMIKAG NEPBAAOUCOG napatnpeitat oto 95% nepinou tTnG avnypévng agovikng Taong. MNMapopola
andékplon napatnpendnke kat ota GAANA NPOPOTIKG dokipa. Ma To KUBIKG dokipo (ZxApa 3B)
noapatnpeitat opoiwg otadokr augnon twv Twv ASL. MNapdAo nou ot avnypeveg TIHEG ASL
augavovtatl and 1o 95 % Tou PEYIOTOU POopTiou, Ha NPOdpoUn aAAayR Y TNV €NKEiPEVn Bpauon
Tou OOKIUiou dgv gival EUKOAO va gvtonioTel. Napopola andkplon Napatneeital kat ota AAAa KUBIKA
QOKipLa nou eEeTACONKAVY.

o©
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o prism1 o Cube #1
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Bo
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Normalized axial stress (6,/0,) Normalized axial stress (6,/0,)

(@) (B)

2xAuna 3. Avnyuéveg TIHEG ASL wg Npog TNV avnyuevn agoviki Taon KaTd TIG OOKIUEG LOVOAEOVIKAG
BAlYNG: (a) o€ €va NPLOPATIKO dOKIipLo, (B) o€ €va KuBLKS SOKipLLo.

4.2 Karavour nAaroug

H oxéon pey€Boug oelopoU-ouxXvoTNTAG EUPAVIONG TNG TEXVIKAG OEIOpoAoYiag (YVwoTr wg oXEon
Gutemberg-Richter) epappdéletal ouxva Kal yia Tov Xapaktnpopd g AE tou netpwpatog (Scholz
1968). >Tnv napouoa epyacia dlepeuvdaTal n T b XpNOWoNolwvTag Th oXEon:

|Og1oN= a-b'A

onou N = o0 apBpog Twv onudtwy AE pe nAdtog evtdg dwaotApatog AA; A = n péon TR Tou
dlootnuatog nAdtoug AA oe dB; a = otaBepd; b’ = n KAON TNG KATAVOWUNG TOU NAATOUG TWwV
onuatwyv AE. H T b unoAoyidetat wg to 20nAdGoto Tng TNAG b

270 ZXAHUa 4 diveTal N HETABOAAR TwV TWWWV b, avnyHEVWY WG NPOG Tn HEYLOTN TR, OUVAPTAOEL
™G avnypévng agovikAg taong. Mapatnpeital avgnon Twv Twyv b €éwg nepinou 90 % Tou pPEYIOTOU
QOPTIOU. ZTN CUVEXELD OL TIHEG b pewwvovTal. € OAEG TIG NEPITTWOELG, Hia anOTOWN HEiwon TNG TIUAG
b napatnpeital peTd and to 95% Tou PEYIOTOU QOoPTiou. AUTO TO ONUEIO AVTIOTOLXEL OTNV anNOTOMN
augnon Twv oNUATWY Kal TnG eKAudpevnGg evepyelag AE.
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(o) (B)
2xAua 4. MeTafoAA TNG avnypévng TWNG b ouvapTACEL TG avnypévng agovikng Taong: (a) ya Tpia
npwopatikd dokiua, (B) ya eva KuBLkd dokiuo.

4 >YMIMEPAZMATA

MapouolaoBnkav Ta ANOTEAECUOTA MNAPAKOAOUONONG TNG OKOUOTIKAG EKMOUMAG TOU HAPHAPOU
Awovuoou o€ SOKIPEG povoagoVvIKAG BAIWNG. H évapgn €ékAuong AE evtonioBnke og avnypévn agovikn
Taon pKkpotepn and 0.3. ZnUAVTIKA OKOUOTIKA &pacTtnplotnTa napatnpeitat petd 1o 50% Tou
HEYIOTOU opTiou, evw UoTEPA anod To 95% autou napatnpeeital andtoun avgnon Twv onuatwy AE.
2€ autd TO QopPTiO oL avnypéveg TIMEG ASL, nou anoteAouv PETPO TNG EKAUOMUEVNG EVEPYELAG,
augavovtal paydaia, evw napatnpeital andtoun Heiwon NG KAONG Tou dlaypPAUHATOG NAATOUG
onuatwv AE-ouxvotntag ep@daviong (Tt b). H altgnon tng akouoTIKAG dpaoTnpldTnTag Kat TNG
EKAUOLIEVNG EVEPYELOG KAL N HEIWON TNG TAG b ouveyxidovTal HEXPL TN Bpalcon ToU NETPWHATOG.
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H napouciaon nou napouctdletal 0To TEUXOG AUTO anoTeAel pia and TG nNEvte BIAAEEEIG nou
€dwoe o Kab. IN. Mapivog otig HIMA wg o «2010 Richard Jahns Distinguished Lecturer». O
KaBnyntng Maulog Mapivog eneAéyn anod tn MNewAoyikA Etapia tng Apepikng (GSA) and kowvou
pe tnv Evwon Texvikwv MewAoywv tng idlag xwpag (AEG), wg o «2010 Richard Jahns
Distinguished Lecturer». O Beopdg xpovoAloyeitat ané to 1988 kal yia npwtn Qopd NPOKPIVETAL N
ApepPIKaVOG enoTAPwY. ENAéyeTal KGBe XpOVO €NOTAMWY O ONOi0G PECW TNG «EEALPETIKAG TOU
€peuvag €xel oUPBAAEL oTnv npoaywyr TG TexVikAG MNewAoyiag Kal nou Ta anoTeEAEOUATA TNG
€peuvag autng eivat enikapa». MpaypatonoriOnkav nepi TiIg 100 dlOAEEEIG 0 5 BLAPOPETIKA
BEpata Kupiwg ota no onuavtikd MavenotAua (ZXoAEG MewAoyiag, MoAtikou Mnxavikou Kat
MeTaAAeloAOywv Mnxavikwyv) OTIC NEPLOOOTEPEG NOAlTeieGg Twv Hvwpeévwv lMoMTewv Kal o€
[dpupata tou Kavadd. H napouciaon auth €ival €va Tunpa pévo NG KAVOVIKAG napoucioong.
‘'OAn TNV napoucioon pnopeite va tnv dcite otnv wotooeAida tng EETI: www.eetg.gr

2010 RICHARD H. JAHNS LECTURES

The Association of Environmental &Engineering
Geologists (AEG) and the Engineering Geology Division
(1)["(-“ S of America (GSA) jointly established the Richard H.
SOCIETY Jahns Distinguished Lectureship in 1988 to
OF AMERICA® commemorate Jahns and to promote student awareness
of Engineering Geology through a series of lectures
offered at various locations around the United States.

Richard H. Jahns (1915-1983) was an engineering geologist who

had a diverse and distinguished career in academia, consulting
Lecturer: Paul G. Marinos and government

R. Jahns in Stanford

Professor of Engineering Geology
National Technical University of Athens, Greece

School of Civil Engineering

2010 "Richard Jahns” Distinguished Lectures
Paul. G. Marinos, Lecturer

2010 RICHARD H. JAHNS LECTURE

Tunneling through karstic rocks

How Engineering Geology needs Hydrogeologic input
and logic

Paul G. Marinos
National Technical University of Athens, Greece
School of Civil Engineering

GROUND WATER AND TUNNELLING PARTICULARITIES IN KARSTIC ROCK MASSES
IN KARSTIC GROUND

ility an fety i

= high coefficient of infiltration

= very high permeability; non-linear underground flow
= Ground water control

- Croasing of vokis: empty, aquiferous, filled - preservation of high values of permeability at greater depths

+» Construction may affect environment - potential of development of large hydrogeological basins
- Depletion of ground water resources

- Affects surrounding ground
v settlement
v sinkholes

- Contamination
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PARTICULARITIES IN KARSTIC ROCK MASSES

= high coefficient of infiltration

s

= very high permeability; nondinear underground flow

e e km = preservation of high values of permeability at greater
depths
(Btyhanos n Karst bydeagesiogy of B cantrsl snd sastern Paagoncesus. Grescs Sprger Varieg, 1506)

The geological model: the underground development of the limestone formation - polenua[ of 00\'0109m0m of Ia"ge hyd’OQCOIOQJCQI basins

- development of iregular, heterogeneous pattern of
flow paths; preferential flow conduits and Kkarstic tubes
transmit water at large discharge rates and drain the
surrounding jointed or finely fractured rock mass of lower
permeability.

PARTICULARITIES IN KARSTIC ROCK MASSES
~ high coefficient of infiltration

- development of irregular, ' " = = very high permeability; non<linear underground fiow

hete geneous patterr 2 ) : 2

fiow paths; preferential fi . preservation of high values of permeabu:uty .:t greater

conduits and karstic tu depths

transmit water at lar ~ potential of development of large hydrogeological basins

s and n

the surrounding jointed or d . ey - development of irregular, heterogeneous pattern of flow paths;

finely fractured rock mass of J g A preferential flow conduits and karstic tubes transmit water at

lower permeability - large discharge rates and drain the surrounding jointed or finely
fractured rock mass of lower permeability

~ flow in a fiooding manner throughout the transfer zone

= potential crossing of large underground cavities filled
eventually with earth materials

POTENTIAL HYDROGEOLOGICAL MODELS IN KARSTIC POTENTIAL HYDROGEOLOGICAL MODELS IN KARSTIC
MASSES MASSES

+* Paleogeographic development and evaluation of vertical
movements and changes of the geographic base level
» geometry of karstic b
-

Understand the karstic pattern and internal structure of the
aquifer and give an answer:

- has the limestone been karstified?
- will the tunnel be in the karstic zone?
will the tunnel be in the transfer or in the inundated zone?

concentrated or dispersed inflows are to be expected?
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POTENTIAL HYDROGEOLOGICAL MODELS IN KARSTIC
MASSES

The springs and boreholes in their
- T relationship to the geology.

* Paleogeographic development and evaluation of vertical i o - Investigation area along the Gulf of

movements and changes of the geographic base level - Amos. Spring numbee

< A g " 1. Quaslernary, Olonos-Pindos series,
» geometry of karstic base level s ¥ = 2. ¥mestons, 3. fysch, 4. shales

radolarites; sandstonas; Trip:
* Dye tracing T A T series, 5. imesiones, dolomiles, 6.
A f h, 7. metamorphosed basement
~ Delay of flow XA
= > % % 7 o (Lesby ut & Amnger n Karst hyadrog [
~ Branching of conduits
- Dispersion of flow

+ Distribution of the location and hydrographs of springs —
reflects the pattern of karstic paths inside the mass

Notice the sparse distribution of
springs along the contact of
limestones with the impermeable
formation or the lower geographic
base level

POTENTIALHYDROGEOLOGICAL MODELS IN KARSTIC
MASSES

» Paleogeographic development and evaluation of vertical
movements and changes of the geographic base level
» goometry of karstic base lovel

* Dye tracing —

- Delay of flow

- Branching of conduits
- Dispersions of flow

+ Distribution of the location and hydrographs of springs —

Hydrograms with discharge fluctustions of three springs, Peloponnese. reflects the pattern of karstic paths inside the mass
(Lalbumdgut & Attinger i Karwl hydrogeotagy of the cemiral and sastern Pelopeaneius Greecs. Springer.
Verlag, 1588) Seo o
The Kefalari spring presents sharp fluctuations with quick response 1o flcods and quick * Water levels and fluctuatlo!l !n plezome?ers
discharge denoting a distinct system of preferential karstic conduits feeding the spring + reflects overall transmissivity and drainage capacity
- Springs Lerni and Kroe Indicate a more homogeneous and uniform karstic aquifer (but not for particular conduits)

MAMMOTH CAVE (KENTUCKY, USA)

TUNNELING IN LIMESTONES . GROUND WATER CONDITIONS

TABLE
Skmulated heads (m asl) Tunrelling in Limestones
and flow paths from 58
tracer injection points,
assuming
a) a homogeneous, porous
medium and
b) a channel network
TS Turnhaole Spring, ES
Echo River Spring. 55 Styx
Spring, PS Pke Spring

Potential hydiogeological
models in Emestone
environment.

Comparison between measured heads and

simulated haads n the homogeneous porous-

madum and channel-network simulations of the

Mammoth Cave aguifer, along the flow ine from
he racer ingection point marked A to the Gree
Rives

Abwe Giwen Fiver (19

Yoo

Worthington, 2009 0 . 19 ® 21

Dintiyrcs from Guees Filver (ow
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Case 1. Tunnel in the Case 1. Tunnel below
unsaturated zone of a non- water table for a non-karstic
karstic jointed limestone jointed limestone

a
Equipotentials - - Tributary
form troughs channels

The principal aquifer-scale
Concave’ i
water Flow in channels differences beMeen a) L
table to spring deal karst aquifer and b) a
homogeneous “porous-

Paraliel T I medium” aquifer
aquipotentials, P R flow lines

Flow to
seepage face

Preferential, distinct karstic tubes and
conduits

Quinlan et al., 1983 R. Thérond, 1973

AapTio 2013

Case 2.1. Tunnel below base
level of karstification

Case2.2.1. Tunnel in the transfer zone of a Case 2.2.1. Tunnel in the inundation zone of a
karstic aquifer with distinct preferential karstic tubes karstic aquifer with distinct preferential karstic tubes and
and conduits conduits

The “Fantastic Pit".

A 190m vertical karstic shaft,
Georgia, U.S.A. The size is
denoted by the speleologist.
(AN. Paimer, in Ford and
P.Wiliams, 1989)

MAMMOTH CAVE (KENTUCKY, USA)

Major cave stream (Logsdon River) in Mammoth Cave, showing the base of a 145-m-deep
monitoring well. The stream at this point drains the groundwater flow from an area of about
27 km?
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JINPING AUXILIARY TUNNEL (CHINA)

Water burst occurrence during the -
construction e
L

Case 2.2.1. Tunnel in the transfer zone of a Case 2.2.1. Tunnel in the inundation zone of a
karstic aquifer with distinct preferential karstic tubes karstic aquifer with distinct preferential karstic tubes and
and conduits conduits

The “Fantastic Pit".

A 190m vertical karstic shaft,
Georgia, U.S.A. The size is
denoted by the speleologist.
(AN. Palmer, in Ford and
P.Williams, 1989)

r inflow fr
Water inflow from the bottom Katavothre (sinkhole) of Kapsia of

Chen et al., 2010

ESTIMATION OF INFLOWS FOR THE MODEL D1

Estimation of water inflow in
a 10 m diameter tunnel for
steady flow conditions.

This graph can be applied in
the inundation zone of a
limestone aquifer for
estimating maximum values
before transient flow is
established and in sections of
jointed limestone between
main karstic conduits. These Case2.2.2. Tunnel in the transfer zone of a well | Case 2.2.2. Tunnel in the inundation zone of a well
conduits may recharge their interconnected system of enlarged joints and fractures interconnected system of enlarged joints and fractures.
fractured-jointed limestone
environment, simulating
steady flow conditions. This
estimation does not apply to
discharges through the
conduits themselves.

Water inflow per 10m tunnel, Q (lt/sec)

UNDERSTANDING THE HYDROGEOLOGICAL MODE
A CASE HISTORY: THE KARSTIC MODEL OF A BIG MOUNTAIN;
THE GIONA TUNNEL, GREECE

The karstic mountain (+2500) of Giona. Limestone continuously from
Generalized flow Triassic to Eocene. Flysch at the lateral edges.
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GIONA HYDRAULIC TUNNEL

One of the great karstic springs at the base of the mountain of Giona.

%

Q= few cm per second

CONFRONTING

1. Ground water:

Absolute need of probing ahead in case
of model C and D

* Drainage
- Reduce head and discharge into tunnel

* Isolation
= Mainly grouting
- Other techniques (TBM with pressurized face,
freezing)

— not in limestones with open karstic features

rainage — Predrainage

» From surface
* From inside the tunnel

- Localized or systematic
* Through side pilot tunnels

Potential side effects of drainage
- Ground settlement
- Development of sinkholes

- Depletion of water resources

pTIO 2013

A CASE HISTORY: THE KARSTIC MODEL OF A BIG MOUNTAIN;
THE GIONA TUNNEL

The geometry of the base level of karstification depends on the tectonic and
paleogeographic evolution of the broader area

N Karst at the external zone.
But the interior of the mountain is over the
base level of karstification, thus
impermeable or of a low permeability fine
- jointed rock mass- MODEL B

GIONAMOUNTAIN |70

nderground hydraulic regime in a cross sections of
Giona Mountain (Marinos, 1992).

Length 14750m

Drainage — Predrainage

SYSTEMATIC DRAINAGE THROUGTH DRAINAGE
UMBRELLA CAN BE APPLIED FOR THE MODEL F

Driving a tunnel through an
important water-bearing
zone with
pre-drainage through
embracing drainage
umbrellas

LOETCHBERG TUNNEL (SWITZERLAND)

Diagram of the affected water tabie and St German village and their position relative to the tunnel.

Unaffected
groundwater

schist
Wl 7rias with dolor
coursewacke,

Rhone alluvium

’ — |
| B course glacial deposit

groundwater f\Y
/

level (

(m) above sea level

700
River Rhone —

Tynnel Tunpél 600

Loew et al., 2000
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JINPING AUXILIARY TUNNEL (CHINA)

The effectiveness of groundwater sealing grouting

Chen et al., 2010

Non detected karst cavity ahead of TBM cutterhead

e o (

Jution: bridging

Steel reinforced concrete slab inside the karst cavity a head of TBM

From SELI

AapTio 2013

CONFRONTING

2. Voids and caverns

» Empty Voids
= Bridging

Support of the tunnel in karstified White Jurassic
karst cavity above the roof
(Wittke and Erichsen, 2005)

Support of the tunnel in karstified White Jurassic

karst cavity underneath the invert (Wittke and karst cavity backfilled
Erichsen, 2005) with excavated rock

CONFRONTING

2. Voids and caverns

» Empty Voids
- Bridging
- Backfilling
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treatment by concrete
filling for a TBM drive
(Milanovi¢, 2000). 1. Cavern;
2. Part of cavern filled by
concrete; 3. Limestone;
4.TBM.

concreting.

CONFRONTING

2. Voids and caverns
» Empty Voids

— Bridging
— Backfilling

» With weak fill material

- Rural and shallow tunnels

- Deep Tunnels

7.0m é

Filling of a cavern from inside the tunnel (Milanovi¢,
2000). 1. TBM; 2. Cave clayey deposits; 3. Inert
material — sand; 4. Tunnel support; 5. Shaft; 6. Pipe
connected with concrete pump; 7, 8, 9. Stages of

Solution:
By-pass

Mdprioc 2013

CONFRONTING

2. Voids and caverns

» Empty Voids
- Bridging
~ Backfilling
- Bypassing

Drainage around the tunnel lining

v

Crossing a big karst conduit by tunnelling (Milanovi¢, 2000).
1. Karst, 2. Tunnel, 3. Water level in the channel, 4. Lining under concentrated pressure, 5.

Drainage around the tunnel pipe.

Rural and shallow tunnels
* Investigation: Surface drilling, geophysics

Forepolling or grouting or. jet grouting from surface

— TBMs with pressurized face,
a good choice if many cavities exist
or the tunnel'is close to the old relief:
between the limestone and its soil cover
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Karstic voids filled with clay

Closed (pressurized) face TBM - Slurry

Slurry TBM:  Apply stresses at the face with bentonite slurry which
fills under pressure the chamber. The slurry penetrates
into the ground and forms a membrane against which the
pressure is sustained.

Arrangement for grout
sealing at the tail of the
shield

{| =— Slurry supply

> Slurry return

Principles of operation of a Slurry TBM (Fujita, 1989 Mair & Taylor)

CASE HISTORY 3: GEOLOGICAL MODEL IN KUALA LUMPUR
Tropical Karst, High water table not to be drained

Examples of karstic features to be crossed by the SMART tunnel in the limestone beneath Kuala
Lumpur. Cover of 1 to 1.5 diameters —Diameter 13.26m (in Wallis, 2005)

Geophysical investigation included microgravity, cross hole seismic survey, ground penetrating radar
and resistivity tomography

apTIio 2013

Closed (pressurized) face TBEM - EPB

EPB TBM: Pressurized face from the stresses transferred from the
excavated material which fully fills under pressure the
working chamber. The material is removed under control
with a screw conveyor.

The pressure at the face is achieved with the mixture of
the material in the chamber, the rotation of the screw
conveyor and the rate of advance.

The control of the quantity that is removed in the
contrast with the advance of the TBM is of prime
importance.

Cutting wheel.
Drive unit.
Push cylinder.
Pressure Sensor.
Air lock.
Erector.
Segment.
Push cylinders.
Conveyor

0. Screw conveyor

CASE HISTORY 1: JEMONTELUGO TUNNEL, ITALY, 1997
Consolidated ring by jet grouting

Gas Pipeline

v

#

Cavity filled with concrete

Pyroclastics
Pyroclastics

1 Integrative Chimney - type
borehole i L~ collnpse“—

Limestones

o : 1
Jet Grouting Consolidation

Cross in the collapsed and jet grouted area for advancing the tunnel (Brino
et al, 2001)

Deep Tunnels
Investigations: probing ahead imperative. Geophysics assist.

+ Conventional boring:

- filling or strengthening or umbrella crossing of empty or filled voids

* Mechanical boring:
- pressurized face TBM is meaningless
- use of open TBMs with stoppages prevision for:
v filling
v treatment of voids
v cross the void conventionally.
- use of double TBM

Mechanical probing is absolutely necessary
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Investigations: probing ahead imperative. Geophysics assist.

Typical appearance of a small karstic void
partially filled with clay and silt; Dodoni tunnel,
northwestern Greece, 2000.

Collapse of the filling of a karstic chimney

crossed by Dodoni Tunnel. The collapse

outcropped on the surface about 100 m
over the tunnel.

By-pass gallery above the shield in order to free a stopped TBM due to
the presence of a cavity filled with weak material (strengthening of the fill
through the gallery)

CONCLUSIONS

» Tunnelling in karstic ground requires a thorough
hydrogeological knowledge over a broader area.

» Probing ahead of the tunnel face techniques, based
upon a sound hydrogeological model is an essential
tool for the investigation of

- the groundwater conditions in terms of
pressures and discharges,
- the occurrence of cavities

» Judgment and engineered solutions, often site
specific, should always assist at all stages design
and construction.

Mdprioc 2013

PILOT TUNNELS MAY ALSO BE CONSTRUCTED AS EXPLORATORY TOOLS

advancing
exploratory
adit

Exploratory adit in Kkarstified rock, Steinbiihltunnel.

A SPECIAL CASE: PRESERVATION OF CAVES IN SLOVENIAN’S
CLASSICAL KARST

More than 350 caves have been discovered in the course of building 60 km of new
motorways over the past decade

In road cuttings the caves are hidden behind rocky scarps. b The caves lying below the road,
with narrow mouths not too much damaged by blasting, are covered by concrete lids. ¢ In the
side of the tunnel there is a special door leading to the caves. Below road surface caves are
connected with large concrete pipes. d Karst openings (bottom of dolines, tops of shafts) are
often reinforced by arches of big rocks covered by concrete

(Knez et al., 2008)

THANK YOU

FOR YOUR KIND ATTENTION
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2013

MARCH

18-20 International Symposium on Tunnelling and
Underground Space Construction for Sustainable
Development, Seoul, Korea,

24-27 International Conference on Installation
Effects in Geotechical Engineering, Rotterdam, The
Netherlands,

APRIL
17-19 Computational Methods in Tunneling and
Subsurface  Engineering, Bochum, Germany,

29-4 Seventh International Conference on Case
Histories in Geotechnical Engineering, Missouri
USA

MAY

19-23 4th Session of the Global Platform for
Disaster Risk Reduction, Geneva Switzerland.
30-31 Second International Symposium on
Geotechnical Engineering for the Preservation
of Monuments and Historic Sites, Conference
Centre Napoli,ltaly,

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

JUNE

17-19 ICEGE The International Conference on
Earthquake Geotechnical Engineering, Instanbul,
Turkey, icege2013.org

18-20 SINOROCK 2013 - Rock characterization,
Modelling and Engineering Design Methods, ISRM,
Shanghai, China

SEPTEMBER

2-6 18th International Conference for Soil
Mechanics and Geotechnical Engineering, Paris,
France,

5-8 13" International Congress of the Geological
Society of Greece, Chania, Crete,

9-13 56th AEG Annual Meeting, Seattle, USA

29

21-26 ISRM European Regional Symposium ‘Rock
Mechanics for Resources, Energy and
Environment”, Wroclaw, Poland.

OCTOBER

8-10 International Conference Vajont, 1963-2013,
Thoughts and Analyses after 50 years since the
catastrophic landslide, Padova, ltaly

21-22 The Mediterranean Workshop on Landslides
(MWL) - "Landslides in hard soils and weak rocks -
an open problem for Mediterranean countries,
Naples,ltaly

NOVEMBER
26-29 10th International Symposium of Structures,

Geotechnics and Construction Materials, Santa
Clara,Villa Clara,Cuba

2014

MAY

17-20 8™ European Conference “Numerical

Methods in Geotechnical Engineering”, Delft, The
Netherlands,

June

17-20 8th European Conference on Numerical
Methods in Geotechnical Engineering (NUMGE14),
Delft, Netherlands The

SEPTEMBER

15-18 Xll Congress IAEG, Engineering Geology for
Society and Territory, IAEG 50" Anniversary,
Torino, Italy

15-17 8" ISRM Rock Mechanics Symposium,
Sapporo, Japan

2015

MAY

10-13 13™ ISRM International Congress on Rock
Mechanics Innovations in Applied and Theoretical
Rock Mechanis, Montreal, Canada

SEPTEMBER
13-17 XVI European Conference on Soil
Mechanics and Geotechnical Engineering,

Edinburgh, Scotland, United Kingdom
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