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3.1 Hh

RIS R i 2% (AEA)® £ B i § 414 B ¢ (NRC)* 1991 3 2001 &
Rop 2 jpl e 2> e 32 P HR B2 5 SEF THFR P | TH20 0 4
z\3ll’ﬁﬁ}ivli)¢\ IR b s

A, B RS % (TAEA) > 1999 #xp# T Z ¥% Bk B ¥ $-(Near Surface
Disposal of Radioactive Waste) ; 2. % 2> & | (IAEA Safety Standards Series No.
WS-R-1) ¥ 3 M7 &S H5n e 2380 4o ¢

1. - 4 (General) °

# B (Geology) °

# & (Hydrogeology) e

# 7k it & (Geochemistry) °

N

el

¥ ¥ R (Tectonics and seismicity) °
# 3 (Surface processes) °

F %2 % i (Meteorology and climate) °

® =N W

¥4 85 B B 2 (Impact of human activities) e

B. B% R+ it % (IAEA) »t 1994 &5+ [igy £ il % E ub (Siting of
Near Surface Disposal Facilities) | 2. % > ¥ B| (IAEA Safety Series No.
111-G-3.1) ¢ 3 MERTF 23 nFHap o 3
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el

N &

*

10.
11.
12.

S

N @

- 4% (General) °
# B (Geology) °
# & (Hydrogeology) -
¥ kit 5 (Geochemistry) °
g ¥ R (Tectonics and seismicity) °
# 3 (Surface processes) °
# % (Meteorology) °
A xpsld=2 F % (Man-induced events) °
Bk B 4 38 ﬁs?] (Transportation of waste) °
2 3 f1* (Land use) °
A v & % (Population distribution) °

T 8 %3 (Protection of the environment) °

Bk + 0 %% (JAEA) » 2001 # % % [ Technical considerations in the
design of near surface disposal facilities for radioactive waste ; 2. 3F 2 (IAEA
TECDOC-1256) » BRI 3K 3 FFEC F 19 2 Frab i b 5 5

SEC TS

AR

F 1T A 3 $ R (proximity to waste arisings) °

1 7z
3 215

Frreke
PO R B R (b 4B 2 A S RE)
Ko B SR (Ble RS W TR R B EAER

BRI AE AR

CEBIPEF AL G NROP 1991 s i 2 TGS a b 3 RS

z #2585 % (Standard Format and Content of a license application for a
Low-Level Radioactive Waste Disposal Facility) ;| (NUREG-1199)¥ 1994 & =g
b2 0¥ i s B R 4 Rl K5 2 % 4 ¥R (Standard Review Plan for the

review of a license application for a Low-Level Radioactive Waste Disposal

Facility) ; (NUREG-1200) " # B $nt 4522 55 p & 4z
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3. BB KRS (FHEETEENL CKEAE)
4. kx (FHE A k3 ~BTREERG) -
5. B 1M
6. Hai B
T ARTR B FTRRTR)
S 24 -
9. FEWIRBE PR -

% 3.1-1 Hu s p

B RERIAAF REAIARE REAIAL _ﬁ;iﬁﬁﬁg
# (IAEA) (IAEA) uAEA) (NRC)
é: 1999 1994 2001 1991 £ 1994
O -& 1) -4 (1) =3 Adfrs (1) #32s A o gt
@ @ »F @ v EE 2 A A B
(@) ke () k2 Q) #ITEDFR Q FE2F
F @ Hﬁiﬂ? @ e @ #=35 Q) ¥ e 2y
A () *#féh" = ©) ’f#&%i’"’ ’Fﬁfi”“’}% 6) # iFg-k= @ k=
F (O R ©) ¥R © HipEE AR (5) F1P
() % 225 % D # % (7) k2B HEEE L (6) Wik E R
Q) HAHERR (§) W e (7) =27k
2 5 ©) A8 Q) ¥EHiLER (9 EHTIRRER
(10) 2 41
(A A v
(12) T3t 3
;_ WIFRL R ERRRE PRk SRR

31230 AR5
PaRt MALIFFHPFEDLATRFELAFA LSS URE R L RAF
(International Atomic Energy Agency, IAEA)sf# 2 2 2 L & 4 & » A= pl i %
R # #14 B € (U.S. Nuclear Regulatory Commission, NRC) ~ %= 7 §§ 427 % it
% >k (STUK) -~ BRI 7R &2 Pf Zr 7 4 R ¢ (National Health and Medical
Research Council, NHMRC) ~ ¥ BB 78 k& b 32 b ~ TR R
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HH R FRALPRE N A % 0 dod 313 97 o

5300 Aok HHa R f LR
B KA REHHABEAERR
(1) Geological Disposal of Radioactive Waste Safety Requirements
(No. WS-R-4, 20006)
(2) Technical Considerations m the Design of Near Surface
Disposal Facilities for Radioactive Waste
(IAEA-TECDOC-1256, 2001)
(3) Characterization of Groundwater Flow for Near Surface
Disposal Facilities (IAEA-TECDOC-1199, 2001)
(4) Safety Assessment for Near Surface Disposal of Radioactive
Waste Safety Guide (No. WS-G-1.1, 1999)
(5) Near Surface Disposal of Radioactive Waste Safety
Requirements (No. WS-R-1, 1999)
(6) Hydrogeological Investigation of Sites for the Geological
BPRE TR Disposal of Radioactive Waste (Technical Reports Series No.
#E (IAEA) 391, 1999)
(7) Principles of Radioactive Waste Management Safety
Fundamentals (No. 111-F, 1995)
(8) Siting of Near Surface Disposal Facilities (No. 111-G-3.1, 1994)
(9 Siting of Geological Disposal Facilities (No. 111-G-4.1, 1994)
(10) Site Investigations, Design, Construction, Operation, Shutdown
and Surveillance of  Repositories for  Low-and
Intermediate-Level Radioactive Wastes in Rock Cavities (Safety
Series No. 62, 1984)
(11) Criteria for Underground Disposal of Solid Radioactive Wastes
(Safety Series No. 60, 1983)
(12) Shallow Ground Disposal of Radioactive Wastes (Safety Series
No. 53, 1981)
(1) Standard Review Plan for the review of a license application for
a Low-Level Radioactive Waste Disposal Facility
(NUREG-1200, Rev. 3, 1994)
LRBES (2) Compilation of Nuclear Safety Criteria Potential Application to
y DOE Nonreactor Facilities (DOE-STD-101-92, 1992)
HERT (3) Standard Format and Content of a license application for a
(NRC) Low-Level Radioactive Waste Disposal Facility (NUREG-1199,
Rev. 2, 1991)
(4) Tests for Evaluating Sites for Disposal of Low-Level
Radioactive Waste (NUREG/CR-3038, 1982)
S atss  Disposal of Low and intermediate Level Waste from the Operation of
HifE %45  Nuclear Power Plants (GUIDE YVL 8.1, 2003)
(STUK)
MHB £ Code of practice for the near-surface disposal of radioactive waste in
B@B #er  Australia (No. 35, 1992)
RERA®
(NHMRC)
FEBEERE  REAAR A B R A ket a8 8 H & R GRAT 0 2004)
AR LR
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#3013 - BFHPEDEDRPRFTY A%

LFERFT SR

B ¢t () PAIAFE S HERE R 1A ABF B> 1984 -

Q pPAIAFE A mpaﬁ_ C A £(F) 0 1991 -

By PAIAFE g P RAtRlanTmE | 5 1987 -

@ B***?g’ﬂﬁﬁmﬁﬁﬁﬂﬁm“&?P1%3°

(5) PAAFE EERET L LF 10 . FfEE O 2006

(6) Bieniawski, Z. T., Rock Mechanics Design in Mining and Tunneling,
AL A.

(7) Balkema Publishers, Rotterdam, 1984. Hoek, E. and Brown, E. T.,
Underground Excavations in Rock, The Institution of Mining and
Metallurgy, London, 1982.

(8) Hoek, E., Rock Engineering, Evert Hoek Consulting Engineer Inc.,
Canada, 2000.

9) U.S. Army Corps of Engineers, Engineering and Design Geophysical
Exploration for Engineering and Environmental Investigations,
Washington, 1995.

(10) U.S. Army Corps of Engineers, Engineering and Design Tunnels and
Shafts in Rock, Washington, 1997.

(11) U.S. Army Corps of Engineers, Engineering and Design Geotechnical
Investigations, Washington, 2001.

(12) British Standards Institution, Code of practice for site investigations
(BS 5930), 1999.

B p () T ay &4 Ep(psedRE @87 7 97 > 1993)
2 ﬁﬂﬁﬁiﬁﬂ?hﬁmr?&Wﬁ%? 2.5 > 1999)
() R T ARRGEREER( B AR RE € 0 1999)
@) ZRARP ARG KRN s EF 0 2001)
) o BF WRE AWMLY LATRY I BFTHRE2 2 2 (Fraf
1424 B ¢ > 2003)
(6) A= & 1Az FH X (5 4oix 0 2007)

3135 nA AP
AERSHABED TS S B S WA EAD BT - RSN

BT EHRAEAD NS FIRPN DR FA A ARPT A A

FREFTRER+ L AFIAEA) SRR 2P 2 gt f 2 0 6T - S3nn g

TP WA ARMRAP AL AR NS S F TR B SR ARFEN AR

RE AR & AEF M- SHn A a0 WA R, -

A ¥ Frhah AIE P

. W% h+ 5 %% (IAEA) »* 1984 & 3 % [ Site Investigations, Design,
Construction, Operation, Shutdown and Surveillance of Repositories for Low- and

Intermediate- Level Radioactive Wastes in Rock Cavities | 2. 38 2 » 38 2 %% %
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Safety Series No. 62, 1984 » S HhtH A2 38 P ~ P FE 202 28FE -
HY > FRA L2 HBp VAT I dod 314 977
CEERE
\,kégﬁ,kéy%‘ro

s
N EEE L

2 1~
F 3150 G- HEF B AEFTAAPEN A G H R F FTAALAF

BEEER 4 3.1-60 & 3.1-7 R E Hmp NELEL L Sl B AR S S
R P

2.

I

1=y

(Wi 414 B € (NRC) * 1982 &4 % [Tests for Evaluating Sites for
Disposal of Low-Level Radioactive Waste ;| 2. 3F 2 - 4 2 % 5 3
NUREG/CR-3038, 1982 » 7 5] % 5 42 b} s ) 4 ik B2 22530 p ~ %
BB AP B R4 o 4 3.1-8 5 MO R R Pl FHR TR Sl o

o 1979 & 0 2R LR E RS AR R F 2T T TR HIF
GE DT r X L cAE R S8 i) Sak - Pl U By~ LAIRERE A
Zf - WEHE —Stripac H ¥ Z PR Z A2 I8 P 4oB] 3.1-1 1m0 & 3.1-9
AL % 2 PEE2 35 % (Fairhurst etal, 1993) » 2 ¢ a5 5 ) A &

~ 1 ARRREE

VB

S IRPIE o

S B TRCE o
‘7J;¢§£??o
s BT OR TR E 2 BB R o
PSR &

S \/Z‘;\%ﬁ—fg}ﬁ;ﬁo

SERFCR A FERR AR P ARl H2 7 s E 2 4 2003 &
Kaeri # %X E- ¥ THF T #FE% 3 HABFFHEIT AL THIAE Fim
Fyp FFERL 4 4 3.1-10 - (Kwon et al., 2006)
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7o 3.1-4 HrabaF b A 2 98 p 2 g (IAEA, 1984)

1.Geological setting

Subjects Rock types overlying unconsolidated sediments
Contact and cross-cutting relationships
Tectonic setting; folds, faults and fractures
Degree, uniformity and directions of oriented features
Geological history

Techniques Remote sensing
Airborne and ground geophysical survey
Geological field mapping
Geophysical land survey
Bore-hole logging

2.Hydrogeology and hydrology

Subjects Porosity and permeability
Recharge and discharge areas
Groundwater velocity and age
Hydraulic gradient
Water
Migration and sorption characteristics
Chemistry
Geometrical characteristics of aquifers and aquitards
Characteristics of surface water bodies
Techniques Bore-hole logging
In-situ test and measurements
Laboratory studies
Remote sensing

3.Tectonies
Subjects Seismicity
Isostatic and lateral movements
State of stress
Recent fault movements
Techniques Remote sensing

Geological field mapping
Geodetic/microseismic survey
In-situ test and measurements
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4.Rock mechanics properties

Subjects Composition of rocks and fracture-filling materials
Physical and chemical properties also with respect to
interactions between radionuclides and host rock
Techniques Field mapping
Bore-hole logging
In-situ test and measurements
Laboratory studies

5.Geomorphological processes

Subjects Weathering
Erosion
Landslides
Sedimentation

Techniques Remote sensing

Geological field mapping

40305 - ZF - A T 43 (IAEA, 1984)

Investigation Potential application
techniques Airborne Ground surface Subsurface

Indication of shape and distribution of rock Measurement of
masses of differing density such as salt dispirs®,  in-situ rock density

Gravitational igneous intrusions and ore bodies. Aid in which improves the
identifying and interpreting geological interpretation of
structures regional gravity data
Detection of regional and local variations in magnetic intensity which aid

Magnetic in mapping bedrock, interpreting geological structures, and identifying

ore bodies

Electromagnetic =~ Assessment of mineral potential and detection of faults and fractures

Identification of different strata including
structural configuration. Also identification of

Seismic Not applicable depth to the underlying crystalline basement,
and detection of unlevered rock masses and
faults and fractures

Indication of thickness
of sedimentary layers,
depth of

Electrical Not applicable unconsolidated
sediments, occurrence

Indication of
lithological variations,
rock porosity,
groundwater salinity

. and occurrence of
of certain shear or

fractures
fracture zones

*Structure in which a mobile core, such as salt, bas been injected into the more brittle
overlying rock through a gravitational mechanism.
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% 3.1-6 k2 3 WA A 2 35 B 23 (IAEA, 1984)

Subjects Techniques
. Bore-hole logging
Porosity Laboratory tests
In-situ test (pumping and injection tests),
Permeability packer tests

Laboratory tests
Model calibration

Groundwater velocity

Tracer tests, water dating, hydrodynamic
equations

Hydraulic gradient

Observation of piezometric levels

Natural fluctuations of water levels

Well observations
Piezometric observations
Meteorological observations

Chemical composition of ground water

Chemical analyses, bore-hole logging

Residence time, age of groundwater

Chemical analyses
Determination of isotopic composition
Hydrodynamic equations

Dimensions and connections of the different
hydrogeological systems including those of

potable water

Well observations
Hydrogeological mapping
Bore-hole logging, in-situ tests
Chemical analyses

Location of recharge and discharge areas

Remote sensing
Hydrogeological mapping
Tracer tests
Isotopic analysis
Water temperature

Interaction between groundwater and wastes

Laboratory tests

Fo 317 A8~ FIRC B 2 S 3R (IAEA, 1984)

Subjects Parameter Measurement techniques
Mineral and chemical Microscopy(optical, electronic)
composition X-ray diffraction

Wet or dry chemical analysis, radiometric
methods
X-ray fluorescence analysis
Rock samples Atomic absorption spectrometry
Age Isotopic analysis
Sorption properties Experiments with radioactive or other

tracers followed by conventional chemical
analysis
In-situ analysis

Chemical composition

(includes gas, organic and

trace element content)

Groundwater

Wet or dry chemical analysis, radiometric
methods

X-ray fluorescence analysis

Atomic absorption spectrometry

Optical spectrometry

Gas chromatography
samples Acidity-alkalinity (pH) Electrochemical methods both in the
Oxidation-reduction laboratory and field
potential (Eh)
Electrical conductivity
Age Isotopic analysis
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7o 3.1-8 Mk AR P Lk B8k d 2. S8 (NUREG, 1982)

Stratigraphy
Lithology and soils
Structure
Geomorphology
Ground water system and boundaries
Surface water system and boundaries
Recharge and discharge areas
Visual description
Soil classification
Rock classification
Material zone boundaries
Water zone boundaries
Immediate site boundary
Extended site boundary

Color (material color)
Grain-size distribution or parameter
(grain-size distribution)
Material densities
Water content

Soil water pH and acidity
(soil pH and acidity)
Electrical conductivity or resistivity
(electrical resistivity)

Penetration parameter
Material variability parameter
Hydraulic conductivities
Permeability function
Transmissivity
Storativity
Anisotropy

Collapse susceptibility
Shrinking-swelling parameter
Strength
Consolidation relation
Compaction relation
Rebound index

Porosities and void ratio
Hydraulic potentials and pressures
Seepage Velocity
Apparent Velocity
Flow direction
Dispersion
Pore water age
Suction pressures
Suction pressures function
Water-holding parameters
Infiltration capacity
Evapotranspiration
Precipitation
Runoff coefficients (runoff)

Air temperature
Air pressure
Wind speeds and directions
Partition coefficients
Mineralogy and clay mineralogy

Ion exchange capacities
Oxidation-reduction potential
Natural gamma and spectra
(material radioactivity)

Soil solubles
Soil organics
Gaseous constituents
Ground water chemistry
Surface water chemistry
Atterberg limits
Specific gravity
Seismic velocity
Heaving susceptibility
(frost heaving)
Erodibility parameters
(erodibility)
Monument and point positions
Burial unit boundaries
Material temperature
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% 3.1-9 Stripa 3+ & % = FF 2 # % N 7 (Fairhurst et al., 1993)

Experiment

Measurements

Purpose

“First” simulated
drift experiment

Rate and Distribution of
groundwater inflow to the
array of six 100-m-long
boreholes

Comparison with predictions
by equivalent porous media
and fracture flow models

“Second” simulated
drift experiment

Rate and distribution of
groundwater inflow to the
remaining 50-m-long D
boreholes after construction
of the 50-m-long Validation
Drift

Comparison with predictions
by equivalent porous media
and fracture flow models,
including effects of drift
excavation

Fracture distribution

Mapping of the fractures in

Comparison with stochastic
predictions of fracture

in the Validation the roof, floor, and walls of
Drift the Validation Drift patterns by fracture network
models
Validation Drift Rate and distribution of Comp arison with p redlctlc?ns
. ) by equivalent porous media
experiment groundwater inflow

and fracture flow models

“First” radar/saline
tracer experiment

Collection of saline tracer in
the D boreholes from
injections in the H zone,
before construction of the
Validation Drift

Design of the tracer migration
test; calibration of the
equivalent porous media and
fracture flow fracture flow
transport models; evaluation
of effects of drift excavation

“Second”
radar/saline tracer
experiment

Collection of saline tracer in
the Drift from injections in
the H zone

Design of the tracer migration
test; comparison with
predictions by equivalent
porous media and fracture
flow transport models;
evaluation of effects of drift
excavation

Tracer migration
experiment

Collection of dye and
metal-complex tracers in the
Validation Drift and in a
borehole from injections in
the H zone the “good” rock

Comparison with predictions
by equivalent porous media
and fracture flow transport
models

Monitoring of
groundwater head

Distribution of groundwater
heads within and around the
SCV site during (1)
construction of the validation
Drift; (i1) implementation of
the validation experiments;
and (iii) draining of the T1
borehole

Comparison with predictions
by equivalent porous media
and fracture flow models
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R&D 1tems

o Rock mechanics

Rock mass classification

Rock stress and deformation measurement and analysis
Properties and mechanical effects of rock discontinuity and fracture
zone

Effects of stress change on the hydraulic properties of rock
discontinuity

Blasting techniques and blasting effect on adjacent tunnels

EDZ development and its properties

Evaluation of tunnel stability and rock support design

Thermal property of rock (heater test)

Infleuence of earthquake on underground facility

e Geology

prediction of rock boundaries

Distribution rock discontinuity and fracture zone

Groundwater network and flow characteristics in  rock
discontinuity

Flow test through fracture system

Prediction technique of flow rate into tunnel

e Engineered barrier system

Thermal-hydro-mechanical (THM) behavior of EBS

Gas migration in engineered barrier system

Contaminant diffusion and chemical buffering of buffer

Colloid generation and migration at the interface between buffer
and rock

e Fluid migration

Contaminant migration in rock mass

Gas migration in shear zone

Contaminant diffusion i rock matrix

Colloid migration and retardation in geosphere

e System design

Demonstration of emplacement technology
Tunnel sealing technology

Verification of deposition hole drilling
Concrete plug design and 1ts application
Verification of retrieval operation
Verification of transportation method
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~ Project management
~ and execution

Stripa mine
operations

Stripa Project
management

Execution of .
-1 research program

by principal
investigators

Technical Task Force

Subgroup (TSG) : on
Joir_tt * Engineered barriers & ""'"'" Sealing Materials
Technical * Geology aohi and Techniques
Committee * Geophysics
o (JTC) » Geochemistry
-1 Canada, Finland, « Hydrogeology v
{ Japan, Sweden, * Numerical modelling §§ Task Force
Switzerland, UK, of groundwater flow on
USA « Rock mechanics Fracture Flow
* Solute transport Modelling
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CIVIL WORKS FEASIBILITY STUDIES
GEOTECHNICAL INVESTIGATIONS
DEVELOPMENT OF REGIONAL GEOLOGIC MODEL

DATA COLLECTION

Interagency Coordination
and Cooperation

Sources of geologic, hydrologic, and soils
data; insight into geologic hazards and
HTRW problems; seismicity; construction
materials; prior regional experience,

Survey of Available
Information

Information similar to that obtained in
intemuencr coordination; published data

on material properties; geologic conditions —3
and history; known hazards; ground water
studies,

Map Studies

Formation descriptions and contacts; soil

types and distributions; gross structure; -
fault locations; landforms, watersheds, '

slope landslides; locations of springs,

quarries, etc.

Remote Sensing Studies

Landforms; watersheds; lineaments; soil - -
and rock-type boundaries; outcrops;

seeps; sinkholes; erosion features;

vegetation, etc.

Field Reconnaissances

Ground truth for remote sensinﬂ: outcrop
descriptions; site landforms and landscape __,
position; soil depths and descriptions;

springs; observable structure, bedding,

and joints.

DATA ANALYSIS

Distribution of Rock Types

Transition from time-stratigraphic to
— s grouping of rock materials by physical —
properties; definition of extent and
magnitude of discontinuities.

Distribution of Scil Types

—» [Equate geologic/soil survey nomenclature m
to engineering nomenclature.

Geologic Structure

Establish spatial distribution of rock

| materials: locate major structural features; _y,.
determine probable distribution of more
detailed structural and textural; features.

Geologic History

Genesis of rock types; relationship to
significant physical properties; rock ——»
and soil depositional processes;

geomorphic history.

Seismicity

Historical seismicity; locations and
characteristics of probable capable faults;
possible earthquake magnitudes in region; -
possible intensities at candidate sites;
preliminary selection of ground motions

at candidate sites.

Hydrogeology
Regional ground water flow patterns and
watertable depths; general hydraulic
characteristics of subsurface materials; —m
probable ground water and seepage
conditions at candidate sites; preliminary
assessment of project impact on
groundwater.

Construction Materials
Existing sources in region located;

probable areas for development ——

rock and soil borrow delineated.

Regional geclogic and soils conditions established; preliminary assessments of
seismicity and construction materials; tentative models of geclogic and geomorphic
conditions at potential sites developed; preliminary inputs into Environmantal Impact Statements (EIS)

and HTRW reporis developed

B 3.1-2 % 5 45428 (USACE, 2001)
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CIVIL WORKS FEASIBILITY STUDIES
GEOTECHNICAL INVESTIGATIONS

INITIAL FIELD INVESTIGATIONS

DATA COLLECTION

Areal and Site Geotechnical Mapping
Distribution of surface materials; structure;
ralation between materials and geomorphic
expression; tentative locations for geophysical
and/or subsurface explorations.

Surface Geophysical Surveys
Distribution of distinguishable subsurface
materials at potential structure sites and rock and/or
soil borrow areas; depth to water table; preliminary -
data on elastic and electrical properties; initial
assassment of homogeneity of subsurface.

Subsurface Explorations
Control borings at potential structure sites and rock
and/or soil borrow areas borehole logs; index tests .
on representative rock and soil samples; in situ
hydraulic tests; camera or TV surveys; downhole
geophysical logs.

DATA ANALYSIS

Aerial Conditions

Develop map of project area; describe possible

material sources, material types, properties,

amounts; determine unusual or safety related

geologic conditions, faults, landslides, sinkholes, ——
solution susceptible materials, etc.; update and

expand hydrogeologic analyses including potential
impacts on ground water.

Site Conditions

Correlate surface and subsurface data at potential

sites; develop geologic map and sactions for each

site; assess structural and textural data for materials;
assess results of index tests; develop preliminary —3
assessment of rock and soil foundation conditions;
delineate conditions affecting choice of structure

for each site.

Geologic, soils, and engineering conditions evaluated to a level necessary to ensure each plan is a viable,
safe, and complete technical system; geologic models at proposed sites upgraded; level of geotechnical
investigations necessary to accomplish design established; need for dynamic analyses tentatively

determined; EIS input updated.

Bl3.1-3 Hubi- B pi g1 n 3 45428 (USACE, 2001)
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SITE SELECTION INVESTIGATION

DATA COLLECTION

Aerial and Site
Geotechnical Mapping

Prepare area and site maps for each

candidate site; distribution of surface
materials; outcrop lecations; rock

structure; springs; slope conditions; —
potential hazards; determine boring and
geophysical survey locations.

Groundwater Data

Review data: compile water-well and
other piezometric data; determine needed
additional data: start field collections.

Surface Geophysical Surveys

Subsurface material distribution at
potential structure sites, quarry, and
borrow areas; water table depths; data on
electrical and elastic material properties.
If needed, start special surveys (e.g., 1o
obtain dynamic properties or void
detection).

Subsurface Explorations

Borings at potential structure, quarry,

and borrow areas; log soil and rock typas,
rock structure, and drilling conditions;
water pressure or pumping tests; camera
or TV surveys; in-hole geophysical
surveys for correlation and, where
needed, special properties.

—T-

Material Testing

Classification and index tests on

foundation, quarry, and borrow materials; —
preliminary special tests where needed

({e.g., for dynamic analysis).

Trenching

If and where needed to evaluate fault _ -
activity.

DATA ANALYSIS
Area Conditions

Compile geologic maps of project areas;

show all pertinent geologic and soils
conditions (e.g.,landslides, sinkholes, —=
potential reservoir leakage locations, etc.);
develop geologic profiles; locate mineral
TESOUrCEes.

Site Conditions

Compile detailed geology maps for each
site; develop geologic sections; classify
soils; describe rock types; show rock
structure and fracturing; describe ground-
water conditions and hydraulic properties
of subsurface materials; describe rock
weathering; assess test results, discuss
soil and rock engineering properties;
describe HTRW potential.

-

Groundwater Conditions

Determine extent and mode of project-
induced changes in ground water regime; — .
show predicted changes for aquifers;

discuss predicted impact on water

supplies and water-sensitive habitats.

Earthquake Analyses

Determine design earthquakes for each
site; parform preliminary dynamic
analysis; evaluate foundation areas for
liquefaction and potential fault movement.

Construction Materials

Locate and describe proposed quarry and
borrow sites; prepare detailed geologic

maps and sections for each; determine -
available volumes of material and depths

of burden; describe properties and variance

of properties; assess commercial sources,

Mineral and Other Resources

Determine location and extent of
resources which may be impacted by
project.

Project area and site geatechnical conditions developed and defined to extent necessary to salact
most effective and economical site, to develop reliable cost estimates, and to initiate detailed design
studies. Environmental and HTRW conditions are defined and included in impact statements.

Bl 3.1-4 Fnry b1 ad & onAzR (USACE, 2001)
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DESIGN INVESTIGATIONS

DATA COLLECTION

Environmental/Ground water

Continue needed ground water data
collection; observation well readings,
pump tests, etc.; collect geotechnical
data needed to update environmental
assessments.

Subsurface Explorations

Expand coverage at selected structure
sites, excavations, material sources, — =
and relocations; log soil and rock types,
structure, and drilling conditions.

Borehole Photography/TV

Obtain fracture frequency, orientation,
and aperture; macrotextural and struc- —=|
tural features; boring wall conditions.

Borehole Geophysics

Expand coverage with noncore borings; -
obtain in situ properties and stratigraphic
correlation.

Water Pressure and/or
Pumping Tests

Obtain permeabilities; monitor water -
levels.

Material Testing

Complete classification and index testing;
perform engineering properties tests; —»
continue and complete special testing
staried in earlier stages.

Exploratory Excavations
and Constructions

Trenches, pits, adits, calyx holes, test
quarries and borrows, test fills, test grout
panels, etc.; in gitu examination; in sity —»
materials properties tests,

Instrumentation

Install and initiate readings on foundation
instrumentation (e.g., piezometers, slope—™
indicators) to develop baseline conditions.

DATA ANALYSIS

Ground water Assessment

Continue analyses started in earlier
—* program; finalize statement of project —
impact on ground water.

Project Site Conditions

Update site geclogic maps, geclogic

sections, soil and rock classifications,

| rock structure, material hydraulic
characteristics, ground water cnmliinns;_"

complete design earthguake, reservoir

leakage, and other special studies.

Structure Excavation
Site Conditions

Develop detailed distribution of
subsurface materials, select pertinent
engineering properties for each material;
|y complete dynamic analyses; analyze data _y,.
and describe encountered conditions
from any test excavations, quarries, grout
programs, etc.; discuss all conditions
affecting design conditions.

Construction Materials

Finalize volume estimates; show

distribution of subsurface materials and .
their properties; analyze and describe

results from test fills; finalize assessment

of commercial materials sources,

Instrumentation

Reduce data from various sources;

|y COrrelate data with events occurring;
produce baseline plots for construction
and postconstruction conditions.

Relocations
Develop pertinent data for each
F* relocation increment in the same ——
manner as structurefexcavation sites,

Constructibility

Assure accurate depiction of site

|y conditions and adoption of structures -
to geotechnical conditions and

constraints,

Geotechnical conditions developed in sufficient detail to establish final design and
operating requirements for a safe, functional project, develop design details,
prepare final cost estimates, prepare plans and specifications, negotiate relocation
agreements, acquire necessary lands and complete environmental HTRW

assessments.

Bl 3.1-5 w1 nbih 4 0n A2 (USACE, 2001)
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CIVIL WORKS CONSTRUCTION

CONSTRUCTIBILITY, QUALITY MANAGEMENT, AND DOCUMENTATION

QUALITY ASSURANCE OF GEOTECHNICAL ACTIVITIES

Excavation Procedures Foundation/Abutment Treatment

Grades
Unwatering
Overburden
Rock
Blast patterns/procedures
Fragmentation
Control of wall rock damage
Slope stability
Support
Preliminary cleanup
Surface protection

Subsurface

Curtain grouting

Area grouting

Consolidation grouting

Caissons, trenches, slurry walls, etc.
Surface

Final cleanup

Dental concrete

Shotcrete

Slurry grouting
Drainage

Adits

Drain holes

Relief welis

Embankment/Backfill

Material source
Material placement
Control tests

Slope stability
Seepage control
Diversion and closure

B 3.1-6 * 1 FF B S AEsR2 1 a3 598 B (USACE, 2001)
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CIVIL WORKS CONSTRUCTION
CONSTRUCTIBILITY, QUALITY MANAGEMENT, AND DOCUMENTATION

CONSTRUCTION INVESTIGATIONS AND DOCUMENTATION OF
GEOTECHNICAL ACTIVITIES

DATA COLLECTION

Regional and Site Geologic Data

Review all prior maps and narratives. Add
data acquired after engineering and design

investigations, including preconstruction
instrumentation data,

Excavation and
Foundation Mapping
Prepare detailed geclogic maps of all parma-
nent excavations and structure foundations.
Provide complete descriptions of all geologic
and foundation treatment features.

Quality Assurance

Compile excavation, foundation/abutment,
and embankmentdandfill QA activities data.

Subsurface Explorations
Drill to confirm foundation grades, effec-
tiveness of foundation treatment, and to
investigate unanticipated conditions.

i

Material Testing

Field control test to confirm design
values,

Instrumentation
Install and monitor piezometers, soil
pressure devices, surface monuments,
slope indicators, strong motion instruments,
and special instruments.

_

Lge [ Discuss effectiveness of methods used and —

DATA ANALYSIS

Project Geologic Conditions

Update regional and aerial geology. Revise
site geologic maps and sections showing »
excavations, structures, and general
conditions.

Foundation/Construction
Material Explorations

Assess adequacy of preconstruction explora__y,
tions. Describe construction explorations.

Excavation Procedures
Reduce and compile data from QA activities.

compare with design concepts.

Foundation Conditions

Integrate data from excavation and foundation
mapping and subsurface explorations.

~* Describe foundation surfaces, type and cond-—>
ition of foundation materials, encountered

water, etc.

Foundation and
Abutment Treatment
Reduce and compile data from QA activities.
| Discuss effectiveness and compare with ——»
design concepts. Provide record of
foundation approvals.

Embankment Construction

Summarize design. Compile data on construc-
= tion procedures, control tests, placed con-
ditions, seepage control, and stability.

Instrumentation

L Reduce preconstruction and construction =
data, Compare with design predictions.

Geotechnical quality assurance activities and construction investigations data are compiled and
analyzed in sufficient detail to present in embankment criteria and performance and foundation
reports. Integration of completed project into regional and local environment are reported. Conditions
which may require cbservation and treatment during project operation are identified. Future
observations of critical geotechnical features are recommended,

® 3.1-7

AP a3 2B (USACE, 2001)
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e . wHaAE

'lj!“ ﬁ e - R (LU0 200~ 15, 000
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ERFrEEmEE
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IR R MBI (1/10.000-~1/5.000)

FOEER R - ST
AEEERERE (RRE
R - BN

AL - AT - AR
RaRERRG (58 - SREEE

J CEPERSEER - R (R
SHEIRERE )
SEEEER [ RN
R M R B L/5. 000171, 000D
TR HHEE (ARR-AEHEEN
P - R {ﬁ=1 ML 1
R (fER) AR
g | Yes MRHET FR
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Faz b4 e 3 3 Ui Al Hrab 0 4 % K% BRAEWAY | AL

-EA,

2 FHEABF

AGNEFARAL FHIBZERY AW UFZ FHp FeETF TR
B(o FRB 3 RS 26 B) 228 a3 8 ok~ 43128
BB A E T AFHELG Bk %ﬁ%ﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁiﬁﬁuﬁ
JERES JERS LIRS S RE SN S A EES SR R P e
EamitR PR ATEL AR E AT AR ERIB AT REL R VK

u&aﬁlﬁa@aaéw’am;%aﬂﬁﬁ’%iﬁ%%?w%?%’
LGB TR RS MR R RPIEEREL R R
FACF GRS A R MR SRR A SRR 2 RIS TR
B2 TEEJ* g ivhl o

A. % B](Base Map)

Lo R M G AR R R T 0 R £ R AR b

*';L

4 & BB

a1

& AR o L EF A A58 (Contour Map) » rﬁ;ﬁu‘;}%ﬁl » ¥ i E A B

£ P/ (Method of Base Map Measurement) ¥ $v% & | & B (Base Map by

Airborne Measurement) & = £ p| 2 2. > & Bl & BIAZ A 4o @] 3.2-1 #7157 o

20 B U ER TR B el Sk AR EFEBES T EBRBHA D

FTRAAR S P EVTREFRADETTOTH DV IFIFHRIED LI

FAE|RE ik o KBt B¢ FuEHE L 5

- ~ B RFECS 1:50000 3 1:25000 ©

S~ F A FREE S 1:500 3 1:2000(2 1:100) °

= ~RAIREE S 1:2000 3 1:10000 ©

B o~ ARt Z 150008 %5 1:200 3 1:100) -

B. # & B®l(Geology Map)

I & GFp- B FE FHORE o LA fEadk B o &R 2
B-b R 0 ek (g B~ B i B)H ) BB e BTe o

T R RN PR AT AT - W T S8 T EE R 2 (Method of
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ECTT TR S

BHa A2 RER g

FREAEFY

B /-

Survey of Geologic Map)iR] .2 »

H P T ARAC R 3.2-2 1o e
B* DV UL ROE &S TR R T AL

VAl

4%/,”&]% %}m,%ﬁﬁ;‘%]ﬁl\lk%gﬁmﬁxﬁwﬁ%‘rﬁmy ;7%47:!}3 ,4
IO SN TN T
$+ B 3o Bl(Stratigraphic Section)

Tk GEPRBRREESR S - G L SR

%
M E RS b CRE S B s SR

ZoR @ PSS ARG Mk TR AR

i AEAC R 3.2-3 ron o

B AR
i B ’Fﬁ*
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R
L

Bo? TR CNERHALE R Y R R R 1 R S
FaTER TR AT R T AP R R g 7 R T

BB RS BAES BT R RS A

Bl EENEXRRR  H#

Bl 3.2-1 RB( 2 B)E Winiam? &

FiHE RN

TR H®E

ZhmBEANRER

BERAEEE
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Tt AP o Fa FEA A2 X R B FRERMT ) L2

3228 A58

éé?m\?+4%;ﬁﬁ%¢ﬁ£ﬁhgﬁ, it BA G AL g AR RARE 0 AL
BojLekA— W f igjﬁ, T A AR R IR A hod MAe R VBB
AP BT E(F 32-1)5 - PR ¢ FER A e R G

B R FAnpEl o AT YRR e PR T RS B e

Z03.2-1 ¥ 255 50E R R > 1999)

X 5 48 I 2 -

IEE TP | (L3 - B2 - pifdsh - B - + A% - Bk - I K

=i M EREH - DESH - A LAM  BIRESH - KILEE

A HIE | [ZEE - BES - TR - BAREDS - RIS IR - B - N

K b TR BETE B - R EE B =AW

AT | PAfEs - St - GREAMERE - T4 - AUREIEY

“BER IR TR A6 -
323 8 5

A. # 4 & (Mineralogy)

1.

THh G- PETHFOGE AR BT o 18 T p
#.;% (Visual Examination) ~ i & &2 #ic 4t # € (Identification under Reflected Light
Microscope) ~ & £ & plc s # € 2 8 plc % & 1 5 4 45 (Microchemical analysis) ©
B AR RIR R TR

INERES

A O FERII ARG 5 0 HETE Y B2

P i 1T /5 AR (Mineralization/Economical Potential)

TE PR AR M ERY > RASTRER Bfo e St B A F et
Fh- Ty FREY - AAFREY VS FHADEr > Hmh 1 (5754240 [
3.2-4 #7957 o

T HERIFAR R ARTRAGEERE XA LT LG REG
i

FOOT L EE MRS BOR ALY Hrh 2 E R Y BHRE R SR EX R
FTROWEFH - LERFE S FHE IRFEORANERFEZTE 2 7
BV OLATR
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Pzt B R P Pug A B F U A2 XN R PR F AR T | L AFL

C.
1.

B it T * (Weathering)
i,»:,é;}ﬂ/vz\ ,ﬁ—pqg\,ﬁq:'piz.,ftpﬁ@\g{g,é,:]—‘}kpi\@,,k‘pki\y—r
Ky FRACA S EEY T HmAi s LB L4 RlniEr > LR

—

T oo H A 3 TR ARACR] 3.2-5 T o

B* D EHATRAE I RERZ DY E 0 A KPS TR BHET
A s BER CARR SRR YRR B TR ik o

o AT AL R B B R RRRN > S E PR CIE AR REIER T
e W HRARFIRFE SRR £ > T iP5 & 23R 2L ko
&4 it * (Erosion)

B R s ks A F B AP R niEr o ) 2 BAEY o FliRa 2 #BE
7 R¥efE o R RNiEA e FEHEF L i > I 5ok 4 (8% (Hydraulic
Action) ~ /% 4k 17 * (Corrosion) ~ &4 it * (Abrasion)% rx4s i¥ * (Deflation) °
iﬁ“*lﬂéaﬁﬂ%ﬁﬁﬁﬂﬁﬁi’E?@?%?%%%ﬁ%ﬁ

Beb AR B2 B A REREN 0 R E - L ERSHR AT

B T8 % 20 MO RO e B 2 B
S REE ARG RAT R AR ELE IR Fa R REA LR H
BB R BT A2

CEToR g AR TR E K AT B AT PR T 4

o L oa =
/r[g]—Ll’%/fi °
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Mot B AP P B R FEB A2 AR LR F ALY | BN

PR E R (Age)

CEE SR é%ﬁ% war?%#ﬁ“"&{ﬁ_— xi2) %‘r E AP AL, T ;Fa»}g - Fih
LR LR R E SR LEE S IR S R o Rk A At

AR PR o Fpt o B OFE N2 dp B FE L i Hple

3 4b-4-% (U-Pb Method) ~ 47- & ;2 (K-Ar Method) ~ #~4%;% (Rb-Sr Method) -
B-14 % (14C Method) ~ ¥ &3 & /2 (Magnetostratigraphic Method) ~ 2 47+ &
¥+ ¢ (Biostratigraphic Correlation) ~ &£ #* # & %} 1t (Chronostratigraphic
Correlation) °

ORI AR S S Y EALE Y R L S AL BRI
b ik 0T G MO ROl e Hral iE B2 Ry o

¥ F 32 (Geologic Structure)

FTH D GRBER RSB R RO e R LML T B et
e MR R RER R K EA L T R T kR H AN TE R A

PR E AR o ¥ L TR A - g A N U (Fold) g #7 4
(Fracture) - # 5 Wit A2 4c §] 3.2-6 #75% o

Bo® t B BB AE AT TR Tk 2H 1 S8 & Gk
#EILS BT A MO ROR AL A2 R RS T

3
(S
1%

b

|

akd
o
~

# 8 % T (Geological Hazards)
TE D GEBENEA TR RILT F Bl ok~ Bl A e Elanip 3
Med<FLAPmESTFE b

%]
%%E‘éﬂﬁﬁ‘i%ﬁ‘ﬁﬁﬁﬂiﬁ%\’ﬂﬂﬁﬁﬁ%@3L7%ﬁo

3 e

B

U I VI S LR e A § “ N Ja =8
PEABGRER P TLT AN P2 R TERBFR ALK
g

EEHHS RTAF A LR T B

el b Rl 2 R g 0 B RFIRPEE L2 4T o
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M E W - R B & it i RE AR

HEMERSE

4

EAMREZTEEN - MRHYRAETARILAE

EROUTAMEFAERS

B 3.2-6 + Fiat g WinAeW(? &1 42 1994)

Wi 58 AH B T fF SCRR BB e 44 A6 T T 7 SORR 3
\L N
HAANSEHEERESR A AR & EERAER
E AR VE B BT R I B (b 2 B RE~NES TR TREFHEEENREENE
] ’
o S REBREHER  ERAERSE
(a) (b)

Bl327 #F TR a1 eimm: @pfd 2 FiEs 5 (b4 1 Fie
¥ (¢ 8142 1994)
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THSTE AR B R R B EA AE KGR PR FARASL LA

324 k=
A k4 BER
. 2 & HeafFfrd k4 AT > EBE 2%a il kg o
2. et P AHE TR EAIFAP T AL LR Shco
B. BT % % #)c(Storage Coefficient)
. 2& 1 p- kR 2E o ety > B RkToRARE- i3 R
MR E PR WA 5 H - p7E R Bu(Specific Storage) Ss Ss kF 7k k5
B 5 BT ¥ S(R) 3.2-8) o
2. Bt LA TR B2 EE Sk
2 EAE ERBER
17 TR oK AT B Lt N
.:-: #Eﬁﬂ‘dﬁlﬁv E BTk
i
SEAKM | 4 FEKE T&KE
'’ # 3
OF-3 3-89 b) W B A k& E
Bl 3.2-8 T &/xpTH o LW
C. /i & (Transmissivity)
1. PRk BEGERKEZRELAREDZEF O HAAZECTAE =

2.

kAR o R d kA T BBk E
B AR TR RS £ S

. 3“4 F (Porosity)

. kawﬂﬁwa;ﬂﬁwﬁﬁ* ~&W?

PP RLEER S LIRILY ;p‘ar%ﬂizrz\ 3.2-2 #7951 o
VEREE X Rl ST LIS i (R UE SIS AN LR L PR O L RN
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THSTE AR B R R B EA AE KGR PR FARASL LA

E.

#0322 IVH F K F R

#® =] FLEREE (%)
BLEEFEL 50~60
bR 40~50
e jb 35~40
b3k 25~35
Ba 20~30
PDHBLESY 10~30
TR+ 25~45
FERERELD <1l
BRERCHN KRS 2~10
BRAENBEAZLRE 2~ b
BRI 10~50
BikE 30
e 5~30
BEEREARAREARENREEER 10~20

'k 4 -k 28 (Hydraulic Head)

xR -HefFRzokergdan g o 2 7 B4 KEE EROREEE it o o
B TR R R )T L 0 AT A ORER R iy 2 fofl s B T ok A K
B H 5 K (m)e

Bt td 3R A R AR B e 73 - Reno Fptw u ) o d
FRFMFE AR B-HBEE TR SR o P S REX 2R
Best enE & kg AR RS T ORIE R BOE & S

-k 4 4 & (Hydraulic Gradient)

TER B TORMENREAT? c eFAENE S NRWMIIEFECERA
Fordpdemic & 0 fLs k4 & o

e* kA FRMER > T RAR TORIER DT G o T R S
ST ToRknEe e B 2 BB TR Rl o0 BT R Frhb TR T

R Z A AR E I R AF 2] o

2t §7 % #ix(Dispersion Coefficient)

CREA AR R AR R EER T RSB R R E 2 AR > 2 A=
5 Lz/T’ £ 3L 4o A 3.2-3 9T o
et LA RN AR TR A @ﬂ@ﬁ%%,gﬁﬁﬂﬁ%,ﬂ
FAACIEH o B TRAG G e kARG FR AL ”}":‘}i’r ° BT
B ARARE B B S LB EE Sl
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Mo bt BRI Puf Al FHPFRD A2 RS R LSS FARAFY | 22

%303 sl s L

BB PEMEER  HEAR MR o WREEREE oy

(m) (m) (m)
HEEEH 0.5~2.0 A 0.001~0.02 /
SR 2.0~4.0 BHHE 0.01~1.0 /
R | 4.0~20.0 HHREY 0.1~20.0 /
B ] | 20.0~100.0 #EH=HHHFRE 10.0~50.0 10.0+
T S A A >100.0 EEREEER 10.0~200.0 1~100

H. #& % %]+ (Retardation Factor)

1.

TECBPEIHAF e TR Bd g H B S iEARd T
kB PN AR HRFF T FRE & DLk
(Distribution Cofficient, Kd)» % 3 & ¢ $5f@ " i R 88 TR ¥ a0 E R 200
B o P GECE PR RS TORBEE > LRI A K Ta s
ok A Y R 2 R A HRBFFS T REPE LN
PRIIEF R ERERRN BRI 2B R T HILE PR 2

CRRIEAEAN LR ¥ - SR Ul i A DR SV

P oo Mle FOF RIEREHR I ARRE - F W iow B AL F AR
B2 FEAAFAR o AT iER o
L M-k & % (Pore Water Age)

SR RN S LIS s

A
o
/\‘

gy

e

ok

1%
/\N

.7“_
<k

(I

h
RS S T LR A R UL S DI ERL B
TR E
%%3ﬂ%$3@Wi?UﬁW%i%ﬁ%T$ﬁ%rEuﬂi*ﬁﬁ@ka
VOEPNE R R TR BB A B Aok E S R VR R
B R % aE R o

"% -K (Precipitation)

\_
D
‘-1—

T fadp =~ F 2KA > HE R i % T 3
Bed DR E- BREBCGER)Y ORI EERE AL & TR AH L kR
Bru ¥ B R { Lok Hia Qgﬁﬁﬁ

=)

7 %% 47 £ (Evapotranspiration)

ki BA S EZFE A EP FirZ B
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Maadf P AR R SR FED A2 RS R RS FARIAFY | 22

B ek T AR S AR 2 B R GEURE Sa 3 B g
SRR IHERE R R BRI E o 1S At RS B

Mzo A RFAR S T Hp F oA E A AT N 2 3T o

» % 7% £ (Infiltration Capacity)

X . 22 = - = - =
TEGEENHRLAE RE A AR R4 o

B* IR ERIHE S Al Fa 2 s A RER Tk HER

P FLEA o~ ER - N FEENERTEERE L& TS .

# % %14 (Weather Factor)

RE RGBT MTS o e f o R R b hiE BRSO
* R EF R AP gL L F]F o

oed
s

CHEEEHOWEE - EN ) TR RFRZZEFER 2
i Pk RRF R R R 2RI T A A7

A, A FURE Fh R FE o
L35 EF BRI e
C. AT F h2 M F A4 o

325 < 1 25

1.

#2454 #7(Grain Size Distrubtion)

RE AR RS ] A iR R AR A RS (R £ 2 0.075mm
HOFE A AT ARG ] 2 0.075mm F )R AT AT R T 58

Yo T W T IR > 4ol 3.2-9 o

B* D RJE e o Ao S R (Atterberg Limit) 5 4 A 82 £ & kg5 -

TR M ROl R B B2 SRE R -

e = B *E (Atterberg Limits)

TETORREBIEATSRERY AR R P PR E e B
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Percent passing {finer than)

by weight (or mass)

Mabt P B R P AR BH PR B A2 RN KPR EEFRERAFA] | L2
B M BF KRR ERIMRE  BR AR BT L RA
tEer AR EZ ARG RERS P FUR -
Bt AR A G d R 4 BUR R R A 0 doB] 3.2-100 T b
* 3 gL— 4 3 & 8% (Unified Soil Classification) » 4- ] 3.2-11 > & ASTM 4~ &
U3 AR K 0 2T S R AR AR S R v 2 L
EHRp o
Sieve analy sis
(LJ.5. Standarc sieve)
"No. 200100 40 10 4 g ir in 3in
100 ———— e —— — : 0
i . Ur'\uiurrn y I
aor e — <120 -
60 | - — 40 é E
a0 b - +—e0 §%
T 1";.rt|: g Z'.(.h'-:J_ - _:— 5
20 F -y ut B I T % N 7'
' B N S A S A S _
0 : 1l 100
0.001 0.01 0.1 1 10 100
Grain diameter {(mm}
B] 3.2-9 ks wd A
Plastncnty Chart for USCS
70 r . .
Points pluned ahu\re A—].me cog?ﬁ ?99:8,A1m!.$colt
ok indicate clay soils, i U-line
points below the A-line indi-
- cate silt, A A-line
) 50 21 \
2 40 4 //
=]
2 oL O //
S 30 A oL
k=] /
e
E el
A2 yd .
/ L~ .&G‘c‘
10 //‘ / < MH or OH
7 P
oA ™M 7 mpador |
0 10 20 30 40 50 60 70 30 90 100
Liquid Limit (LL)
Bl 3.2-10 @ = PR sk 2 1B
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Mot B AP P B R FEB A2 AR LR F ALY | BN

Coarse grained
soils

more than 50%
retained on
No0.200 sieve

Fine grained
soils

more than 50%
passes No.200
sieve

Major divisions

gravel

> 50% of
coarse
fraction
retained on
No.4 sieve

sand

2 50% of
coarse
fraction
passes
No.4 sieve

siltand clay
liquid limit <
50

siltand clay
liquid limit 2
50

Highly organic soils

TEBIEIPUEREFEZA
ER SIS S S SR LT ES 1€
KE I EBECE T EE L

clean gravel
with <5%
fines

gravel with
>12% fines

clean sand
with < 5%
fines

sand with
>12% fines

inorganic
organic
inorganic

organic

@l 3.2-11
# * %-#c(Basic Parameters)

Group
symbol

GW

GP

GM
GC

sSw

SP

SM
=14
ML
CL
oL
MH
CH
OH
Pt

2
L

el = E)2 4p 4t % & (D)2 76 & (Ac) ¥
B* A K SR

i d

)
)

o

Group name
well graded gravel, fine to coarse gravel (Cu>4
and 1<Cd<3)

poorly graded gravel (not meeting the
requirements for GW)

silty gravel (plastic chart)
clayey gravel (plastic chart)

well graded sand, fine to coarse sand (Cu>6 and
1<Cd<3)

poorly-graded sand (not meeting the
requirements for SW)

silty sand (plastic chart)

clayey sand (plastic chart)

Silt (plastic chart)

clay (plastic chart)

organic silt, organic clay

silt of high plasticity, elastic silt (plastic chart)
clay of high plasticity, fat clay (plastic chart)
organic clay, organic silt

peat

I A BEE

Z 1 0 deB 3.2-12 0 MG H L
T oR) £ R A

P

dpatE B KE xE ) A

SR T A BT RS AR AR Bk 2 2 1 A
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Tacbtid A R ruif ALl B HE A 42 RS R P BB FELHFAY I AHS

Volume

Mass

D. % 4 3 A& (Shear Srength)

I & i 2 ERART A el R > FEE G2 pReEs > vd 2

W TR SRR R i 4 o PR T 0 F2 FEIRET

4 % (Direct Shear Test) > 4k 3 $% = fhi# 5% (Triaxial Shear Test) 17 5" 4 % &

Ffcc(BEA)E (B¥d) ZidR 2P E I REEFAZ IR
SRR PR S R ER = phis KRR 0 4] 3.2-13 ¢

2. et MRS AOR R B Hrab iR 1T S 1 fRRR 2 E R Sl RAE

ASTM D2350-B2

Bishop & Henkel

Bishop & Henkel

Bl 3.2-13 = phsdse ~ 4f

62

Bishop & Henkel

T R AT o™ AR IR BRE F 2% R F s AT RIS Y B
= 5 B
I [ I I
V-3 A CU-5 &8 Co-E% =HiEKRE
Unconsolidated Consolidated Consolidated Triaxial
Undrained Test Undrained Test Drained Test Permeability
T BEFBEX EERHKEE | | BEEEH KRR Test
Blis



Mot B AP P B R FEB A2 AR LR F ALY | BN

7t FedF 14 (Settlement Characteristics)

SRR € SOt g;ﬁi ﬁ_ﬁi}im@éﬁ v TR F S SRR A~ d 3R
FnEATRI BB F Ak BN EH T R FE A o Sk AT A LT
it le(Immediate Settlement) ~ /& % ¢ F(Consolidation Settlement)£? = =t 5t f5
(Secondary Settlement) °

Je* 1 BRI A 4T 0 7 O R S5 dp fie(Compression Index) ~ %% 4p
(Swelling Index)#2? & % % #ic(Coefficient of Consolidation) » & 3= iz 3 ht 8 :%
(6 > BEFT AL UKNEE R S URTE 2R o

% it Hese (Liquefaction Potential)

FEEF T T ANANE = SR TENY SF RS ¥Y. S

BACHORBRY A TAZEG xR RS P HEOE IRk RE- R AR

¥

BRT T 0 MR R

B* L R MO AR R Ha AR RS R AT EF T o
VR

= 3 J& # (Tectonic Stress)

THRIPEFRA MBI A LT BERERE TR AL M L

L RIS SRy T

Mot 0 TS BORELE FR e BRPEGER T RSB S niEr
AR T ERGRE L AR BTSRRI RO o X

SRR L T L £ AR -
. % -k 4 #ir(Permeability Coefficient)

i%iﬁﬁﬁi@%&ﬁéAii%%’ﬂﬁi@ﬁ$4ﬂ%@$ﬁL’
g=ki» H ¥ k 5%k h¥cs -k 4 @ % #c(Hydraulic Conductivity) 2% /%

/3‘1* L\w
o
Sl

(Permeability Coefficient) » % 71 "k 7 5 B+ & ¥ 5 > R BE k2 -
SRR A ] S IVHORIEF S st ARERS erR E 0 £
12 3%k Gl Blded 3.2-5 457 o

et 0 e & BE BN A AT MO B R e B Bk iTE TR R R

2
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TP AP P A R FEA A2 KSRV E SR F ALY PR E
% 32-5 Hok s 2 E
BERKK
+ 2 82 8 BEM
(em/sec) (ft/min)
=} y 1 10 20
=
H w 1 2
th w 1x107? 2%107!
H®aERa 1x1072 2x1072 e
#H w 1x1072 2% 102
HLrtHE B L+ 1x10-% 2% 104
¥ + 1% 105 2%105 E
B+ HE - 1x106 2%10°%
1x1077 2%10°7
13 + 1x1078 2x1078 HIE
1x10® 2x10°8

I. % § # - (Compaction Characteristic)
L& DA D SRS S e B MR R BRI
B IR R R R E BT T S E R L 3260

2 e T SRR AR Bl 2 L 2 e TRk

SRS H e PUT BR 2 R TR .

£32-6 LB SR HIEREE PR
il 25
HEL BEL T8+
HE
H+EME s ro(g/em®) [ 1.8~1.8(1.6~2.0|0,8~1.3
B+ B » rdg/en®) | 0.5~1.4|1.2~1.8|0.1~0.6
GkE w(%) 130~150 | 10~30 | 80~1200

J.o e/ i 8k 4% 4 (Shrinkage/Swelling Characteristic)

1. & Tedg s 2PN KA ARIMUMBRESLZRE WEL 3 E
PECRERSEMBR ARG WIRRRE AL 2 WERS 5 BELEY §
AR NGRS AL S N
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Mocst P B R buf B B FEA A2 RS RP B2 g FEE0AY | 22

:é

20 J&* AR TR R R 2 MO RN R S 5 0 F R T R
R 1 ST 4 RR BB E RGBT

K. 2 3% = i»(Soil Composition)

1. T&: “T3p 2 = > Tk FH 4 7 £ (Mineral Content) 3+ 2 % i 4 (lon Exchange
Capacity) £ ¥ i 2 8 47 (Soluble Salts) - Fhi~ 7 £ g G § @ = & H b

ORI B doF L AT S T QRN GApR TORE R A S T
A TRHBRL AR LA B Es A

2. Bt HP Z R AT BT MRS RO ek Hra R 2 RS
oS LA AT R ERAES X PR L P A 2R
PAEEF P EFRT O OHEFPRARSF Ak VRARBAE I EA I
RSB R 2 BT G o

L. 24 i# & (Seismic Velocity)

. &R e ke @iz > BAT A~ 5 KR4 4 (Compression Wave » *
s st ~ A&y P R)E T 4 A (Shear Wave » * fLZ Mk ~ TR E S
B e

2. Bt RAERTREHHEFESF 0 I MO RO Rl Brak2 R R
MEER TREE K2R B TR e TR FUE 2 A (TR SRk R
FRemtr b s Slicept 4 m P R BRI F BB L ERZ ST ik

M. # # & 4p #:(Rock Quality Designation, RQD)

I & s pHREES- fEipth GGEEETE R <3010 cm 2 0w F

CREBEHCHHFER R R o N AV AT o BCFEME SR PN
NX =~} (E /& 54mm > & jZt 5 2.5~3.0) -

2. feh RN R R AR A AR - ALY Y RS s A

?‘"\

W
NS

3.2.6 R 4

AN L A BRFREEER A EFALR AR g FRER g S
A L B2 2 TG AR R  FRAFFERE L2 A0 4 AT
3 RBELIA GRS T* 4 (Broad scale tectonic forces) * % 3 2 1f

13 J& 4 (Local tectonic stresses) » # BL i % 13 22 g4 7% R 4B 3.2-14 -
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Pzt B R P Pug A B F U A2 XN R PR F AR T | L AFL
SOURCES OF TECTONIC STRESS

DIRECTION @.
OF MOTION ——=

@ttt

BROAD-SCALE TECTONIC FORCES
1. GHEAR TRACTION AT BAEE DF LITHOEPHERE
2. MET SLAB PULL AT SUBDUCTION ZONES
.3, RIDGE PUSH FROM OCEANIC RIDGES
4. TREWGH SUCTION ON OVERJIDING PLATE

LOCAL TECTONIC STRESSES

5, BENDING DUE T SURFACE LOADS
& IEOQSTATIC COMPENEATION
7. DOWHBENDING OF QCEANIC LITHORPHERE

B 3.2-14 =+ = &4 %R (O. Stephansson and A. Zang, 2010)

ek B4 KR ER B SR IRF - 5 Zang & Stephansson (2010)#-H
BEHhE iR ITE 7 A SF40®) 3.2-150 Level 0 3 Hak % 5 > @ Leavel —3 5 iT# 1 1%
oM HHITE X A bk B HER CHERE DG EHERE
B e~ L BB S T PE BT o
A Adp A T IRE B RAF BT HE A EN AT RS

. #3k&E4 o

2. FHITH o

- FHER DERF A XL EHREAIRT o

S LR
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Cca i R e b

Rl Hal B S 2 R R

%%ﬁtjﬁﬁgiJ

B /-

|E| Leval

iy

- :I_ .-':j:_a_'_l'i_.-_r 'I_-.,I

& " B D
|I| Ir1 &ifu Penurbied in situ Structural strass Parurbad structural
0 ’ // A
i . : : '._.-.'_-III l'l:'-_'.'_- ..._ ..
== ¥ R /e
i \ / Y
Corteum Cavity Anigatnogy Cavity ahearnad
A1 A2 A3 A
Gravily Tectanic Aesidial /Remanent Tesrrestrial
—d o
| A
= Sem . Q:ZZ]
Earth Diaganasis Foldng Moon
A2a A2b A2c
E 15 grder Tectonic 20 cedar Tectonic 3™ andar Tectoms
\ N~ |

Plate Tectonics Isostacy Faults

B 32-15 2 * BT 2 4 Xk (O. Stephansson and A. Zang, 2010)

SEHMLA KRE B R
Stephansson and A. Zang (2010)3#% 1 4ri i = - Hp (& %
RS AU
A BRI RAHABESM): R FiE2 %G 2Bt TR
kA HA e 7

VR BE R R4 R O

B2 R 4 153 (F

3.2-16) »

EPHphig * Rl

Wyt FHEOEZEERNERER F A KRR 2R A
BEFH NERG 24 HCF

B. &4 BiRli2 (SMM) @ 50 %38 TR o4 Birl 0 1% 4578 TR %
(kB2 S 242 3) N2 BETNBHRERE HEILERELR
&4 F A (4~ ASR ~ DSA % Kaiser effect %) o

C. & &+ Rl Z(SD) :
B
s BRFEBFF o FE L 2 ORI -

D. 3% # 7 k4 #3)(FRSM) : 5B+ 2 T3 o4 £
Renp 4 BA -

BA TG RS TR 22 42 B ROk

SRR S1TR)E R RERR S S TR R HE B R

B2 P 22 da b
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TSR R PG A AR B KR PR CHFRRIF] ) L AL

Best Estimatea Stress Integrated Final Rock
Stress Maodel Measurament Stress Stress Maodel
Methods Determination
BESM SMM ISD FRSM
E Estimation of 2w  Hydraulic fraciuring  1SD Model
= ¢lasses of stress o= HTPF
3G $£ Swovetracturing  Hvcauic fracturing
3.E Worid Stress Map =T Borehole relief HTFF
o} Database 0 E Borehole breakout ~ OVEMCONG
focal mechandsm
B o fa 5o anmlysis
s s $98 asn Dsanpsca, Mo
Topoggey E8  DWVA WuA, DIF
Glacial eMects .E Core Disking
Ugen & Numerical
E Subsidence SE N Modeling
= ——— rock mechanis
2  Lithology 2 gar:smﬂm
B ook types QLTICATY CONCMIeNS
9 AxlEisian QROTILE
E boundanas sqftwnre (BEM, DEM,
O anisotmopy 05‘;‘{@ FEI, atc |
% Siress Decoupling qﬁ“@
2 geological s
& E“trw&hg.lm -ﬁ"‘
g Fauts &
RIS
aikes
fraciurg 2one
jats
Borehole Data
stabilty
'DE braahoud
5 B fault s analysis
rock guakiy
_"E_E grourdter
S
éE Care Data
core aisking
Fawl silip ansyais
Existi Integrated Final
E"Etrean ata (2) New Stress Data @Etranan-ata @Etreuuﬂam

B 3.2-16 2= % & % £ F & 4 #-3] 7 42(0. Stephansson and A. Zang, 2010)
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Pacst i PPl e SR PR B A2 RS R EEEFARAEFY | LA
Srd RRRFRER S SRR
AR RRPGE B R PEE I R A RFERPN R RGP R E R
AR MR ERE R o PR FIREYEE NI HFE WA %
TR IWERE IS AR IR >FEL kY REFERE

G—

gxr‘—’,‘;?l—:’? 8 ';%

*‘r»?

41 BP TG R R AL

BRI P W R 2 R ] TR R B @E&%%xmﬁaLﬁ
R BT AH- RRE R PRPAF LIRSV EAE L - H 4

E 4
5 0

TG TP o g

411 EFRFRE

AR 3 ARE R B EE(Y B2 ARl RS € 0 1999); AR HER A S
ZRNA O B - A ZRP O EPRFERRESERE G B oA G
DHEFEHR o FHEHRE IR i].%l EAe RTINS PE IR
**H%iﬁm%%:iiﬁﬁé%ﬁﬂ?’f“”ﬁﬁ‘&?ugiﬂ&

FHE U RERP o

+\4

B. LB i 1 AR SO ER (F ENFEE R E 0 1999) AL p & gagrng
FLARAPME 2 PEAE ~ 3 F A A W TR R R T W R BRE T
B s URER RERL S RET R v AR B

C. DB KA (L L0 > 2003) 5 2 INF BRF R RFPAT 2 ST
2B FNARO2 &3 VN 4d P EANERERE o MREIE AL
PR AR RS § e TR 1 AR R R(A R 88 £) 5
AEFRF o DR ARE  FFIENG 18 CATERLEREEFE
FELFFE AR £ 11 Pk K LA F RS o

D. Ay Wb pUAF I ATFRFIRFTHELS > (Frems £ 142l |
§2003); ARt X 1 Ed B € F AT S Rt 2 B4 R AR
Beh s FREFPRPN BRI TR 1 RApMTRI S AT
FAELE Y o AP SR EZ B REF G 0 FY o R FRPM Y 1 AET
B X R T AR LR 2 SRR IR R A s 2 F
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Mot B R ruf Al A A2 R R RS F AR DS

LR AARR OGS FE Y o 2 SRR R Ao L L BRI
ZFE AR o PRI AT RPN E 2 RE I RTREE - RS
W W1 f_r_\#ﬂﬁxgd‘)%ﬁ'llg-& R BRI AR EREF R

&+
K

R S SOAERE R R AE R KPP LT B ERE (LS
AR REATZ AR S 0 2000) ; 3T E R H - SRR H A R R S
TAFFF AR LR RV HER 0 I A IR SR
F0REZEPEFIRLZERE RS AF TR e 2 R

BRER R E S AR LR SR SY c HpFE R
Yo MR AT RS R AR T L A AL S R L i
LM~ 2R T AF R K IR U I AR L LA RAF S AL i

==

%
B
—n¥

YR D SRR B A R R A e

Fi s ROHRG - IR L ERT R AL 9§ o

(\x
%

IERARE L ARRFEF P (P FARRE R E 0 2004) 5 AEP L FE

BEHIBEAREIRAM IR E CRER K WL EY R
AW EREIEH R 2 B RE R TR 107 e e
1F w1 EREELEES -
LRI R R S E R (Y E ARG R 6 0 2009) 5 A ERR R
Rla(DFE> 7 Rs i FHFE & 5 1R H 2 AAT0 5 Qf#mp
FRERFZ S 1EBETA > CAAME =57 Q)R ERAFFE -
RPEs 1 E s b2 RPESEE DR FBRIRF LA R 22T T H
SRGE P ERP(REAFR P RREATE AL 0 1997); AF R
FAIREIMY T AREGAMEF B AFEM - 12T T
FCRAR B B M o ST F LR AR SRSEZRY M P X
ARERTFNTOBRBEIPE2RERSKERPT R 3~ LT 0
ZE % ek %:%%ﬁﬁa%’EE%éﬁﬁiia%

R EAE -

G RPIFEIT(RE IS BT RE ATE 42k > 1998) 5 A R

-3‘1;

!

?Im.;timﬁ_,ﬁ:,{h‘ ’

7 &
IR B % SHORRE IR LIRS P - 2 b

\\\?{r
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FERACT
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PR E e RAREL 2 IPFE CUREE KL HRFE BT

413 H3EP EILAR

AF R FRAEH 2 T AR R (2003) 4 HEE 2 RHIE P 2 AR

£ *&%&rT :

A RERF LA AP 4T D ERG Ak BE G A A AN 2 R TR

N

BRI T s EORE R ORKOE ~ TRk 2 B v AR
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5. AR G BB 345 & ArEN S REREREZ ¥ Bl k4
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+clm
=10 - - Bltg)1.5-2m T 1,1V
15 +clm
=10 - - Bitg)l.5-2m I,0I0,IV
+5{mr)35-10cm
e =15 - - B(tg)l.5-2m 1.V,
oy . +clm
LRt =15 - - B(tg)l.5-2m I,V,V
X1l +5{mr)10-15cm
=30 - - shiutg) I
=1 <°
=10 =30 - Blutg}l-1.5m I
<10
17
. = 0m B(utg)l-1.5m I
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=4, 21.5 . - S(mr)7.5-25cm IX
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XII - - - CCA(s1)40-120cm IV VI, X, X1
+B(te)Im
=12 - - Bltg)lm IX
13 +8(mr)2. 5-5cm
<2 - - S{mr)5-10cm X
- - - S{mr)7.5-15cm Vil X
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31 . - S(mr }20-60cm v, X, K
+B(1g)0.5-1.0m
- - =10m CCA(sr)100-300cm IX
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%052-1 #.c H RS R =R 4 (Hoek, 2006)

Uniaxial  Point
Comp. Load Field estimate of
Grade® Term Strength  Index strength Examples
(MPa) (MPa)
R6 Extremely > 230 >10 Specimen can only be Fresh basalt, chert,
Strong chipped with a diabase, gneiss, granite,
geological hammer quartzite
R5 Very 100-250 4-10 Specimen requires many Amphibolite, sandstone,
strong blows of a geological basalt, gabbro, gneiss,
hammer to fracture it granodiorite, limestone,
marble, rhyolite, tuff
R4 Strong 50-100 2-4 Specimen requires more  Limestone, marble,
than one blow of a phyllite, sandstone, schist,
geological hammer to shale
fracture it
R3 Medium 25-50 1-2 Cannot be scraped or Claystone, coal, concrete,
strong peeled with a pocket schist, shale, siltstone
knife, specimen can be
fractured with a single
blow from a geological
hammer
R2 Weak 5-25 wE Can be peeled with a Chalk, rocksalt, potash
pocket knife with
difficulty, shallow
indentation made by
firm blow with point of
a geological hammer
R1 Very 1-3 wE Crumbles under firm Highly weathered or
weak blows with point of a altered rock
geological hammer, can
be peeled by a pocket
knife
RO Extremely 0.25-1 *% Indented by thumbnail Stiff fault gouge
weak

* Grade according to Brown (1981).
*# Point load tests on rocks with a uniaxial compressive strength below 25 MPa are likely to yield highly

ambiguous results.
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% 5.2-2 ¥ F 55 & 49 #(GSI)7*=fz % (Hoek and Marinos, 2000)(1/2)

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)

From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33

coatings or fillings

= >,
3 = 8 g
gl 2| g | ¢
S @ = =
o o i Do @
to 37 is more realistic than stating that 8 B © St §
GS| = 35. Note that the table does not £ 5 g tTE| £
apply to structurally controlled failures. ? ® © oD @
Where weak planar structural planes are 2 5 3 B ?
present in an unfavourable orientation @ . a g‘_g 9
with respect to the excavation face, these w ﬁ E b T D T
will dominate the rock mass behaviour.  § g @ ¢ 2s g
The shear strength of surfaces in rocks = & T > >0 =
that are prone to deterioration as a result & - 2 = 55| &
of changes in moisture content will be o > o £E =
reduced is water is present. When O | §+= i B =53
working with rocks in the fair to very poor W | & 5 = £ ToloB
categories, a shift to the right may be = | O 3 ac g |gE28|2 §
made for wet conditions. Water pressure | % E 8 =4 x 8 O % :.% = %
is dealt with by effective stress analysis. 2 | UG ae < D_E) =g |¥s

STRUCTURE DECREASING SURFACE QUALITY =———>

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

N
A

N
N

N/A N/A

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

77V

N
NN
N

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

LYY

BLOCKY/DISTURBED/SEAMY
- folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

\\\
™~
N
A

N
N \5\\a

\H
o

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and
rounded rock pieces

AN

N
N
S

<—— DECREASING INTERLOCKING OF ROCK PIECES

\
~.
.

I
LAMINATED/SHEARED - Lack / 10
of blockiness due to close spacing N/A N/A
of weak schistosity or shear planes
/
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% 5.2-2 ¥ F 58 & 45 #(GSD)® iz % (Marinos and Hoek, 2000)(2/2)

GS| FOR HETEROGENEOUS ROCK MASSES SUCH AS FLYSCH

(Marinos.P and Hoek. E, 2000) wa
From a description of the lithology, structure and surface conditions (particularly w 2
of the bedding planes), choose a box in the chart. Locate the position in the box UO) 2 = §
that corresponds to the condition of the discontinuities and estimate the average zZ o 38
value of GSI from the contours. Do not attempt to be too precise. Quoting a range =} % e5
from 33 to 37 is more realistic than giving GS| = 35. Note that the Hoek-Brown E E = %g
criterion does not apply to structurally controlled failures. Where unfavourably ZE ‘; > g
oriented continuous weak planar discontinuities are present, these will dominate 8 SE AS
the behaviour of the rock mass. The strength of some rock masses is reduced by w E 2 =]
the presence of groundwater and this can be allowed for by a slight shift to the OZE 8 %
right in the columns for fair, poor and very poor conditions. Water pressure does = 8 = - 3
not change the value of GSI and it is dealt with by using effective stress analysis. % 5] [;E_ & §
COMPOSITION AND STRUCTURE = ==

A. Thick bedded, very blocky sandsfone /

The effect of pelitic coatings on the bedding 70

planes is minimized by the confinement of

the rock mass. In shallow tunnels or slopes

these bedding planes may cause structurally 60

controlled instability. /

% 7 7 E Weak /
| B. Sand- | C. Sand- - D. Siltstone A siltstone
stone with | stone and | 2220 or silty shale | | or clayey
=] thin inter- | sitstone in | with sand- | shale with
Y fayers of | similar stone layers [ sandstone
siltstone amounts 5 layers

GOOQD - Rough, slightly

weathered surfaces

C,D, E and G - may be more or
less folded than llustrated but

this does not change the strength.
Tectonic deformation, faulting and
loss of continuity moves these
categories to F and H.

F. Tectonically deformed, intensively

| foldedfaulted, sheared clayey shale

7| or siltstone with broken and deformed
sandstone layers forming an almost

1 chaotic structure

FAIR - Smooth, moderately
weathered and altered surfaces

slickensided surfaces with compact
coatings or fillings with angular

fragments

sided or highly weathered surfaces

with soft clay coatings or fillings

30

G. Undisturbed silty
or clayey shale with
or without a few very

H. Tectonically deformed silty or
clayey shale forming a chaatic
structure with pockets of clay.

Thin layers of sandstone are

thin sandstone layers ! :
transformed into small rock pieces.

— : Means deformation after tectonic disturbance
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#52-3 # 7K %8k m; = % (Hoek, 2006)

Rock | Class Group Texture
type Coarse | Medium | Fine | Very fine
Conglomerates® Sandstones Siltstones Claystones
(21=3) 174 T=2 42
Breccias Greywackes Shales
= | Clastic (19=3) (18=3) 6=2)
= Marls
E =2
E Crystalline Sparitic Micritic Dolomites
= Carbonates | Limestone Limestones Limestones ©@=3)
&l (12= 3) (10=2) (9x2)
Non- Gypsum Anhydrite
Clastic Evaporites g§=12 122
Chalk
Organic T2
o) Marble Homfels Quartzites
= | NenFoliated 9=3 (19£4) 20+£3
o Metasandstone
% (19 = 3)
< Migmatite Amphibolites
| Slightly foliated (29=3) 26=6
2
Foliated** Gneiss Schists Phyllites Slates
28=3 12=3 (7=3) T+4
Granite Diorite
323 253
Light Granodiorite
(29 = 3)
Plutonic
Gabbro Dolerite
Dark 27£3 (16=3)
w Norite
2 20=5
"; Hypabyssal Pnfphg,-‘ries Difibage Peri_dot'&te
g (20+ 3) (15=3) (233)
Rhyolite Dacite Obsidian
Lava (23=3) (25 3) (19= 3)
Volcanic Andesite Basalt
25=3 23=3)
Pyroclastic Agglomerate Breccia Tuff
(19=3) (19=3) (13 3)

* Conglomerates and breccias may present a wide range of m; values depending on the nature of the
cementing material and the degree of cementation, so they may range from values similar to sandstone to
values used for fine grained sediments.

* *These values are for intact rock specimens tested normal to bedding or foliation. The value of m; will be
significantly different if failure occurs along a weakness plane.
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% 52-4 Bip3E# 28D #® % % (Hoek et al., 2002)

Appearance of rock mass

Description of rock mass

Suggested value of D

Excellent quality controlled blasting or
excavation by Tunnel Boring Machine results

in minimal disturbance to the confined rock D=0
mass surrounding a tunnel.

Mechanical or hand excavation in poor quality

rock masses (no blasting) results in minimal

disturbance to the surrounding rock mass. D=0
Where squeezing problems result in significant

floor heave, disturbance can be severe unless a D=0.5
temporary invert, as shown in the photograph, No invert
is placed.

Very poor quality blasting in a hard rock tunnel

results in severe local damage, extending 2 or 3

m, in the surrounding rock mass. D=0.8
Small scale blasting in civil engineering slopes | D=0.7

results in modest rock mass damage,
particularly if controlled blasting is used as
shown on the left hand side of the photograph.
However, stress relief results in some
disturbance.

Good blasting

D=1.0
Poor blasting

Very large open pit mine slopes suffer
significant disturbance due to heavy production
blasting and also due to stress relief from
overburden removal.

In some softer rocks excavation can be carried
out by ripping and dozing and the degree of
damage to the slopes is less.

D=1.0
Production blasting

D=0.7
Mechanical excavation

97




Fast R AP Puf A SR F A A2 RS R B S FALHEA] | D2

% 5.2-5 #ic#icvt MR =% % (Hoek & Diederichs, 2006)

Class Group Texture
Coarse | Medium | Fine I Very fine
Conglomerates Sandstones Siltstones Claystones
500-400 200-350 330-400 200-300
Breccias Greywackes  Shales
Clastic 230-350 350 150-250 *
- Marls
. 150-200
f Crystalline Sparitic Micritic Dolomites
= Carbonates Limestone Limestones Limestones 330-500
_E: 400-600 600-800 §00-1000
7 | Non- Gypsum Anhydrite
Clastic | Evaporites (350)** (350)**
Chalk
Organic 1000+
Non Foliated Marble Homfels Quartzites
700-1000 400-700 300-430
&) Metasandstone
= 200-300
g Migmatite Amphibolites Gneiss
2 Slightly foliated 350-400 400-300 300-750*
= | Foliated* Schists Phyllites /Mica Slates
=3 250-1100* Schist 400-600*
2 300-800*
Granite+ Diorite+
300-550 300-350
Light Granodiorite+
400-430
Plutonic
Gabbro Dolerite
Dark 400-500 300-400
Norite
350-400
w | Hypabyssal Porphyries Diabase Pendotite
= (400)** 300-350 250-300
m Ehvolite Dacite
< Lava 300-500 350-450
~ | Volcanic Andesite Basalt
300-300 230-450
Pvroclastic Agglomerate Volcanic breccia  Tuff
400-600 (500) ** 200-400

* Highly anisotropic rocks: the value of MR will be significantly different if normal strain and/or loading
occurs parallel (high MR) or perpendicular (low MR) to a weakness plane. Uniaxial test loading direction
should be equivalent to field application.

+ Felsic Granitoids: Coarse Grained or Altered (high MR), fined grained (low MR).

** No data available, estimated on the basis of geological logic.
522 &GP — R L+ 2R
fls o i AT WP TR L AT SRR R Bkl S 2
LAz 245 K&fﬁd RocLab #rf8dg it 5 £ 48 S 8icdcd 5.2-6 #7757 o 53 %1
RocLab #i#z: 8 %% > TR & FAAPM 1 422 (0% > i o M EF A2 K
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2

FEEES AN EERE

ap TR Bils BV £V 5
RMR 12 80 - 61 60 - 41 20- 21 =20
ﬁ%b"ﬁﬁ(m) 100 110 140 90
I L )
PP e Mgl I de kbl (LT LY
SRR BARE  kakEma |0 ORA Bk
B JE 55 72 (Mpa) 30 25 20 10
GSl 55 41 30 12
mi 11 10 10 8
D 01 01 0.2 02

£052-7 B oliF A E kil & SEH R S BGER A CRAIE 0 2003)
w2 52 5] FAIE FAE R FAVE
FAI SR RocLab t’r;‘i{ﬁl #EM [RocLab i‘rﬁfﬁ.‘ {8 |Roclab t‘rﬁfﬁl #3148 |Roclab %%ﬁ{ﬁ_t R
RMR {fi 80 - 61 60 - 41 40 - 21 =20
45 % (KN/m?) 24 24 26 26
ARA C(Mpay| 127 1.27 0.98 0.98 0.70 0.70 0.088 0.45
M ANC) | 3534 35.34 2775 2775 2135 21.35 19.54 19.00
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530 A TR AT
Nt LR L

A. f#47f%% (analytical analysis) » * FL 23V 272 > Ao — AT 416 R o 4§
?%%%ﬁ\ﬁ@ﬁﬁ\@%%ﬁi%ﬁ’@S}l%ﬁ%@2@5&2mé
EET TR

B. # 4 §“ & % (rock load analysis)’ 4 Terzaghi 2. # 4 §* & /% (B 5.3-3 2 & 5.3-1)°

C. #ciE 4 477 (numerical analysis) » A2 Z & % 2 L 5B s X 7o 2T
k< A

1. A2 1 (@F "L~ 22 (FEM); )F A ~ %2 BEM); (0)F "L 42
(FDM) -

2. H R4 72 D (Q)3EAT ™~ & 2 (DEM); (b)## 5.2 34/ (block theory) ; (¢)DDA

(discountinuous deformation analysis)

LB R BFIRE 534
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STEP 1

STEF 2

STEP 3

STEP 4

S5TEP 5

RADIAL SUPPORT PRESSURE py

Pregsure requived to
Limit deformation

Pregoure avatlable

from support

Section X-X

Radial deformation w
Ereavated profile

Linear-elastic deformation unmel profile

Start of failure of
roek aurrounding twmel

P Support regction

Logd-deformation curve
F Jor twmel roof
-

S~ Load-deformation curve
s _//—for tunnel gidewall

-“‘

Sompl

RADIAL DEFORMATION w ————t=—

B 5.3-1 £&% — L3 4] 4% (Daeman, 1977)
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E E
E .
E lels Maximum support
% 2 | 5 | & | pressure pimax(MPa) for a
Support type 28| |E |tunnel of diameter D
o S| = |5 | (metres)and a set spacing
S| B | & |5 |ofsimetres)
c|d|z|3
305|305 | o7 Pimax =19.90715 /s
203|203| 67 | 2 | Pipna =13.207"3fs
= 1.4
150{150( 32 | 3 | Pimax =7.007/s
.l
203|254 | 82 | 4 | Pimax =17.607"%/s
33/,
152|203 52 | 5 | Pimax =11.107"s
171|138 38 | 6 | Pima =155D7"%/s
.27/,
124[108| 21 | 7 | Pimax =880 7'/s
220(190| 19
8 | Pimax :8-60_1'[13.;‘3
140(130| 18
3 bar lattice girder
220(280| 29
9 | Pimax :]S-SD—L[]:.’{IS
140|200| 26
4 bar lattice girder
34 mm rockbolt | 10 | Py pay :0_354;;32
25 mm rockbolt | 11 | p; o =0.267/ 82
19 mm rockbolt | 12 | B rax 20.184/32
17 mm rockbolt | 13 | Bjmax :0.]0,-'"31
§S39 Splitset | 14 | pjae =0.05/ 82
EXX Swellex 15 | Pymax =0.11/87
Rockbolts or cables s f,r
spaced on agrid of  20mm rebar 16 | Pimax =0.17/52
S X § metres N
22mm fibreglass | 17 | Pjmax :0_26,.'{3'
Plain cable 18 | Djmax =0.15/87
Birdcage cable | 19 | Pimax = 0.30..-'{51
B 532 #i— s

102

Maximum support
pressure Pimax (MPa) for a
tunnel of diameter D
[metres)

Support type

Curve number

Thickness - mm

Di max = 57.807092
i =10.107092

3
ra
@
w
a
ra
=]

300( 28 |35 | 21

150 28 | 35 | 22 | Pjmay =10.60°%
100| 28 | 35 | 23 | Pimax =7.307%%
50 | 28 | 35 | 24 | Piax =380°%%
Concrete or shotcrete
lining 50| 3 |11 25| Pimax =107
50 |0.5| 6 | 26 | g =0.6070
L=
-k
a @ T 8 T
= o w = o 9
z 8 = T :ED
o = B L2 d ad =
w o % 8 55 wD
53828 G%h
Es5£28z235 2
33382233
S2EZ53688
10.00 \
\ I~
i \ N~
g \ \(;\\\“‘-
g 200 \[\(QL&\Q
s N
o NN
2 100 - \\
a F
2 080 ™~
C A
w =
E : :%33
E ] 5 19 T“H\\
% 010 &
P j
0.05 | 45
0.01 L L L L | 1 |
2 3 4 5 8780910 15 20

Tunnel diameter D - metres

Approximate maximum capacities for different
support systems installed in circular tunnels. Note that
steel sets and rockbolts are all spaced at 1 m.

T 4| SE K 2 B vl (Hoek, 1998)
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8] 5.3-3 Terzaghi 2 %% /7 & 7 R, Bl(Terzaghi, 1946)

#0531 WREIER <% LS(B+H)MA 4 451 > # 4 ' £ Hy(Terzaghi, 1946)

=i T & B W ENR VU 3
1 HRER SR 0 INEE 4 RITEEURIE - (EREEEHRT)
2 BERHIREUA IR 0% 058 R RN
JEIE -~ R 0% 0258 AL o) B A HE S L,
4, e SRR B 0.25 B 035(B+H,)  |[{IE{HjE
5T BRI (0.35 % LI0)}B+H) AP EG IR HIER
6.5 RS L EHE 1.10(B+H,) A 2 R » Y87 B R i LB B
S ST SRR PO S R P S
7B PERE (1.10 % 2.10)(B+H) RIS - LI i - BRI S
8RR A - R (2.10 % 4.50)(B+H,)
9. e 250 0K » SLB+H)EARN | TR BT S8 ~ s T A r s S i
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B 5.3-4 Q 1 27 dic & HoEE A 974 2 B 4(Barton, 1996)
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532 EBIRA —8 2 A5 kg

Bk BARBSRI YR 2 I RFL S N EBAITE 12 (NATM)
B ETR SR (TBM) &) & 100 i BER G GIEPATR 12 2 R 2
A2 AR KPP FeHERER Tk - REBRAF A2 Gy P AR
PR AR 2 5 F FLAC 4.0 4250 » BOsR e & 57 2 RPN B 32 g oD -
RRAE AR BT 5 PIER T SAP 2000 B HEA T AR 7 AT o
A FTRIGEWNE R LR
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104



Pzt B R P Pug A B F U A2 XN R PR F AR T | L AFL

s PR BT SRE 2 L IR .

AR Bl eng PUEL 4 % (F B ITASCA Consulting Group INC.#7% &
HFLACA.0 425%) Bt e L g 2P B cnfiiR e 2 T 6 % ~ & 10
AW MR ’“'?st‘%&“?«ﬁi B HE A A L e R R R R P PR A
WeE-2F s Fo il B0 5 = 2P A BORER R
Mohr-Coulomb # B -

I 2GR AE S8BT kFEBERE A B FRALFEETRHL

B3 PR T 2 E T (intact rock)z 438 B %8| * RocLab #% 3% i 3

% M A8 (rock mass)z_ #4858 B Solic > Vi LA H A2 W S¥c o 4ok 532 47

'/‘F o
20532 % 48310 i BE A S AWK REGTR ACKTIF 3 kTR,
2008)

WAk HE P N I s
%R | GSI | mi D y %m‘)i ”E:;ﬁ;a) i | W
PR R (MPa) () | (MPa)
5 AT 65 50 20 | 02 | 026 1.58 | 45.52 | 7256
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5 AV 20 25 10 | 02 | 026 048 | 2235 | 954
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105




Mot B AP P B R FEB A2 AR LR F ALY | BN

533 g Axild gy BEAH AARLACKIIF e % KT iR A, 2008)

AR Ta IMa IVa Va
e R
BiAR| 2%s i >4 B i >%e B PTIARSRER
(RF &)
WL R | 2.0m~2.5m 1.5m~2.0m 1.0m~1.5m 0.8m~1.0m
C&W : 15cm
e C&W : 5cm C&W : 10cm C~ W&I : 20cm
I:15ecm(AL g &)
C&W @ 1-5mm®
C&W : 1-5mm® C~ W&l 2-5mm®
& 55 e — I:1-5mmOGRF &)
(100mmx100mm) (100mmx100mm)
(100mmx100mm)
C&W : 25mm® | C&W : 25mmd C&W : 25mmd C&W : 25mm®
g | TURRRE | TORgRE | ATOREEE | AT RgRE
L=3m @2.2m(3% | L=3m @2.2m(3% L=4m @1.7m(%*% L=4m @1.7m(¥%
#)x2.0m~2.5m | #)x1.5m~2.0m % )x1.0m~1.5m % )x0.8m~1.0m
C&W : G100 C&W : G125 C&W : G150
G X i —
@1.5m~2.0m @1.0m~1.5m @0.8m~1.0m
Bie 3@ F 34 Scm 3ta F 52 Sem
*4F (RF &) (RF &)
C : 32mm® £ #4% +5
L=3m @0.3~0.5m(#
C : 32mm® 34k %
% )x0.8m~1.0m
L=3m @0.3~0.5m(3%
LA R - — &
% )x1.0m~1.5m 3 3
C: 100mm® ¥ ¥4k ¢
(GRF &)
L=12m @0.3~0.5m(3%
7 )x10m
A5 R t=3m
g — — —
(GRF &)

3. U BRPIFRRLGEEAWMBEL AL TEEAS L FA R 4oL 534 957 o
Ao o5 ATI#E £ M2 % = BFEL B 5.3-5a) -

#0534 ¥ A TR BRAGAMEES S RVECKHIF s % kT RA,

2008)

# AR A AFE Bk < %48 (cm) %% F E(cm)
ALl ITa 0.40 2
Al a 1.49 5
ATV IVa 3.74 10
AV Va 8.13 15
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B TREESD0 <= & TRAFSDO
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Tt AP o Fa FEA A2 X R B FRERMT ) L2

)

SoERFEDL) Y REEAFE DA 0 PP ARESF KRR I TR
FRIFE > T BN AR R KE 25%~40%3 B2 B RFE
~ g KR (Hout) * Wi (R REE B I GEGEIFER G > FRE R RS 2N

WP R AT R R o (BRSSP KR B RIRR 2 A B E

W

PAREP S L EE2 hRRE
~RREE P ORR(Hin ¢k et BRI P RE A A 0750 TR
EP KRR EIEG 2 R o
B AP RE R L WA Y USD R P E RS ke
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(a) U=1.4D+1.7L+1.7H(out)

(b) U=0.9D+1.7L+1.7H(out)

(c) U=1.4D+1.7H(out)

(d) U=0.9D+1.7H(out)

(¢) U=1.4D+1.7L+1.7H(out+in)

(f) U=0.9D+1.7L+1.7H(out+in)

(g) U=1.4D+1.7H(out+in)

(h) U=0.9D+1.7H(out+in)
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PUAE R RN AR TR R S F GAP BO M AR B R 2 T 4
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Curve, SRC) » F {8 T fmpk i ™ 2 L /4 o
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Mot B AP P B R FEB A2 AR LR F ALY | BN

¥R R R RT R I AL HATRE R A

AE BRI el AR AR T R A O R RPN R RE 1 AEH
2 Rge v 2 BRAE 3 AR B B ATEDE L o 1T R R L RO 2 R AR

BB -

6.1 WiF 2

My 2 E S B R R RS A Y B AT
Mo Bt p 2T R AN R A R AR RAILGEA
PEMZ B FR S T e o R A EL WA 3 R Asbre s
Heood WRFFRAE T RF 2R w2 s TR FEL A B (8
LA A L FR)ERSY (P B2 AR RS 6 0 1999) o ok F ik g B
Bis2 AR A uR A L FE F R B2 LR 2 JR

S = a

6.1.1 4+ ¥ %
PHEARLIE1RE R §hATRS 1 HR RS 02422 § Tt R
(V5.0)2 T3 » A 355 Tidg 0 TR TREER 2T ik T2 B4
AAF A A AR S oA FRET T RA N2 - e KK
B aRA |
m BT A () H 342457 5 Q) U 34 457 5 (3) Hal4w L 5%
(Lattice Girder) % = & > 4o B 6.1-1 #7757 c H ¢ U A4 2 352 > ek 82 @ #

pPend ¥ e t(DFEHFANEQF FHL S air3m L FERNT o 5 2452

L L B

Wide flange rib TH section rib 3 bar lattice girder 4 bar lattice girder

Bl 6.1-1 % &h% £ #2 7 3, B (Hoek, 2006)
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Cacht P AR R R A RS R PSR AL AL | A2

A A FE2SUFF EERE > bR PUL L L FE RS SRV R

B. 4 X HFEFRHEBRA T A AP 2 @R A ER
o c PG FERBY A d g -

C. i FFELAm B, 9%‘1‘?'”%%?}@;%”
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E. ®de1gf 2 o S 2y LiFe7 @i o
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0611 4 2 HFH AP MR K 4

Hi I
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‘!,_Jf# 148 ~ A A36/A36M # JIS G3101 SS41(H 25 ) ~CNS 2473 G3039 SS490 ~
F < ASTM A572 £ JIS G3101 SS55 (U 35 ) ~ CNS 560 A2006
SR300 ~ CNS 560 A2006 SD420 ~ CNS2473 G3039 SS540 £ CNS
2473 G3039 SS540 (#+3])

TRER Bt R
LSS CNS 3124 B2123 ~ JISB1180 ~ JIS B1181 ~ ASTM A307
A CNS 2473 G3039 SD280
4 W CNS 2473 G3039 SS400
g CNS 4236 B2170
z ? CNS 2056 G3030 & 4% 3 ~ JIS G3|454 STPG38 ; JIS G3454
STPG42 ~ ASTM AS53 E %] 40 & A %
¥ ffﬁ#&i’f &5 CNS 3828 G3086 S35C ~ JIS G4051 S35C & ASTM A575

6.1.2 53
TP F AR AEE §(1999)2 T & FRI 21 G k(DI E A
Fa oo EER T QP E TR SRR S BAEIEE R R4
PO)FIR AL AP 2 B4 R R MR AR LT T R EG
FLATFRA
e SR B R R i#%%ﬁﬁiﬁw%iﬁﬁi’uiﬁ
Pl En ARG MR R PRI - a1 2 SR S ot 2
BRI o
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TR ERRSE I RE R € RATEF 1L BN 02424 F TEE R
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- e
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i AR e CNS 6919
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1R ET
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éﬂ'l‘gr'?fr

B. %1 4 f g5 Mo it 2 RAY £ o

6.1.3 £
Fyp s 1L | B TR 1 HERFF 02423 § T * #
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FARCE) Pt AR (F) ARFEERISFE O FEAR 612 FART

HAoT
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e

B. Bfn E 42 0 g8 15 Rl B RAE A TR R B8 TR R T
AR LRI AREAF L Hho

C. BAy #h  gh o ffidi Bz 5] - & A » e B s i
FRAIUN S LR TAS L o

D. Wik g Ef D 4R te R R E BTN o SRR RORR IR R R I
PEREER S RBAIP R RN G AL B FREUER ERE
Eﬁ%ﬁ%ﬁT R A R

B B4t i s Bk 5w n o Rt UERY 0 #4 B S R
PRS- TR G g Rl x 2 ROV R R BT
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TR BRI R SR A A RS R RS F RN LR E

(Epoxy Resin)#l % @ = » ¥ r 75 &8 -K ik Az R -

cone

“~Cement grout

grout injection tube

faceplate drilled for tubes

25 to 28 mm diameter
folded tube

B 6.1-2 & &k * #27 2 Bl(Hoek, 2006)

LA BRI R L4 613 M ARP LR -

# 6.1-3 WRiE * BAAP M R R A

B i S
b CNS 560 A2006 SD420 ~ ASTM A615/A615M
i CNS 2473 G3039 SS400~ ASTM A36/A36M -~ JIS
SN # 4> G3101 SS41
19 CNS 3128 B2126 ~ ASTM A30702
# g CNS 150 B2010 ~ ANSI B27.2
b CNS 560 A2006 SD420 ~ ASTM A615/A615M
i CNS 2473 G3039 SS400~ ASTM A36/A36M -~ JIS
- G3101 SS41
e F i 19 CNS 3128 B2126 ~ ASTM A307
# g CNS 150 B2010 ~ ANSI B27.2
B4 AL ASTM D695
by e CNS ~ ASTM
By #h A CNS 2473 G3039 SS400~ ASTM A36/A36M -~ JIS
G3101 SS41 ~ ASTM F432
WIE B by e CNS ~ ASTM
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Direction of face advance

1 Forepoles — typically 75 or 114 mm diameter pipes, 12 m long installed every
8 m to create a 4 m overlap between successive forepole umbrellas.

2 Shotcrete — applied immediately behind the face and to the face, in cases
where face stability is a problem. Typically, this initial coat is 25 to 50 mm
thick.

3 Grouted fiberglass dowels — Installed midway between forepole umbrella
installation steps to reinforce the rock immediately ahead of the face. These
dowels are usually 6 to 12 m long and are spaced on a1 mx 1 m grid.

4 Steel sets — installed as close to the face as possible and designed to support
the forepole umbrella and the siresses acting on the tunnel.

5 Invert struts — installed to control floor heave and to provide a footing for the
steel sets.

6 Shotcrete — typically steel fibre reinforced shotcrete applied as soon as
possible to embed the steel sets to improve their lateral stability and also to
create a structural lining.

7 Rockbolts as required. In very poor quality ground it may be necessary to use
self-drilling rockbolts in which a disposable bit is used and is grouted into
place with the bolt.

8 Invert lining — either shotcrete or concrete can be used, depending upon the
end use of the tunnel.

B 6.1-3 & a2 #4127 & Bl(Hoek, 2006)
PApAEAE B R AR AL Ol AP R L R -

F6.1-4 & AR L AR M ALE R A4

(zkie 245
LM E T CNS 2056 G3030 ( ® &)
AFmtrit CNS 560 A2006 SD280
ER R CNS 4437 G3103 STKM 17C ~ JIS G3445 STKM 17C
SEF T CNS 2473 G3039 SS400
TR E M CNS 2056 G3030 ( & &)
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0622 AFFRORECE S S EER T

A @ B g I IA |1l % DA Iﬁf IV v
ZEFISI0)  B&ME - % - - |200H0) | - - —
5 {145 (ALO3) BRE % - — 6.0 - - -
Sl (Fe.05) ZHRE - % - — 6.0 -~ 6.5 —
S 1h4$E(MgO0) mAE % 6.0 6.0 6.0 6.0 6.0 6.0
ZELHEOEG0) BFRE %
=2 C3A( )% 80¢ LT B 3.0 3.0 3.0 3.5 2.3 2.3
Z CGACKF: 8% 3.5 3.5 @ 45 ) @)
jE e BHRE % 3.0 3.0 3.0 3.0 2.5 3.0
TEREE ERE % 4.30 0.75 0.75 0.75 0.75 0.75
RYEE=45(C:S)(H)  BAE % — - — — 35(Y ~
B $5(C,8) () H/ME 0 % — - — — 400Y —
SEEE=HR(CA() BAE % - — 8 15 7(Y 50)
SESSERTUSEN 2 (27 REE = 85 (1)
(C4AF + 2C;A) T E v B2 (CLAF + )
CRRAmETZ AEH - - - - T B0
RAE %
30623 FEFRFORAEILE IS TERT
KOROEF |TRIAIIRIA HL v v s
PAS e A bil AL / £ A A
S8 = 45 (°)(C3A) B B g B _ EEREEE
EAE % RS e
EPECTOTN - B . -  |EERERE
BAME % ) R B RS e
Ve J;EE\!\—-G C.S) R 4% _
R = S O8R5 ) EER T E K
B = §5(C3A) 2 Fl — i — - — ,
58 & B
BRE %
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%5 (Na,0 + 0.658K,0) ) * * * S) T
=AE % 0.60 0.60 0.60 0.60 0.60
SEET(COHEAE%| 0.10 0.10 0.10 0.10 0.10 —

20 WACKE  BRAFABRE D LA FET AL 40T L 624 RIFTE
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# 0.2-5 A H PR T

— &AW (8i0,) 45 L F
RS- 1 AT
Bk B 5LLF
% 6.2-6 & ARk 2 BT AR
B o A B c
| =]
M -t RE MR (m?/kg) > E/NME 250 250 250
EEHERKER
& (5 88) TOR 60 60 60
BT £ ¥ BREVNE)  TEFR 10 10 10
(MEERAHE ) BEKRAR .
V(o) TR 45 45 45
BEUNEE) ZER 7 7 7
HE: BABER %R AE 0.5 0.5 0.5
3K 12.4{126} 11.4{116) 9.8{100}
nEmE 7% 19.3{197} 18.2{186} 17.2{175}
MPa{kgf/cm?}
28 K 27.6{281) 25.9{264} 24.1{246)
F s % KME 6.0 6.0 6.0
Z AL (SO;)  NEAfE 3.0 3.0 3.0
HMER > % A{E 3.2 3.6 3.9
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PRRRATTELE R A SR A 25~65%2 RN 0 a B kit 2 A B

BLT AR 627 2R o
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300 pm 5~ 30
150 um 0~ 10

7 6.2-10 il 3 THHF2 7 &
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£ 6212 BRI B TP R
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Mot B AP R FR FEA A2 AR U SR F ALY 2R

# 6.2-15 R 2 R B KR

PR PR BRI P W B @

WAz fiE CNS 1231 (2005)
%3 ASTM C192/C192M-06

CNS 1232 (2002)
A Rt
2 Rl

10 tf ~ 190 tf
(98 kN ~1862 kN)

CNS 1233 ~ 1234 (1984)
$ 0 3R ASTM C78-02 50 kgf ~ 29000 kgf
ASTM C293-02 (490 N ~ 284200 N)
AASHTO T97-03

CNS 1174 (1986) Tfld s L=

Pk
ASTM C172-04 75 mm

CNS 1231 (2005) BE = 25em
EL EaE 1R ASTM C31/C31M-06 - - _

il S I M il Ll
s AASHTO T126-01 - A% it = 75
AASHTO T23-04 mm

CNS 1078 (2001) % 25

5%

5
CNS 5858 (1981)
CNS 13465 (1995)
o . w  CNS 14703 (2002)
2R A S v 1o s
"~ ASTM C114-05 % 19 &  0.001% ~ 1.5%
AR R PR ASTMDSI2-04 7 % C
i+
ASTM
C1218/C1218M-99
AASHTO T260-97

CNS 1176 (2003)
ASTM C143/C143M-05a BRE= 25cm
AASHTO U= 37.5 mm
T119M/T119-05
CNS 14220 (1998)
ASTM C403/C403M-05 ol fRfid < s = 75
AASHTO mm
T197M/T197-05

BRER

weEo f £ CNS 12891 (1998) BR= 25cm

et 2 2k ACI211.191 B EAESR S RS 50

‘\g Dg<d 4
e ACI 318-05 mm

CNS 13297 (1993)

“ﬂ e 4 s g = “
HARES  wEIf Rk ASTM C418-05
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$-F FAP BT RESIHR S ERBHS S B LA
T
AR HRHRERPN TG RESLH P ERRER Iz A2 L
RAFES FFARIL S 280 A HhEFE Rl Re 5 2 BRTF# a2 B8
FRIE R E W1 X 22 BRPRFE L g8 F AL 0ER -

71 * R BRIz 2

WOREE 2k S fhwimﬂﬂ%ﬂf@/ﬂ%’%% 2 g T
Bk fE i b s EUE R TZRf BRI AR B e

Gl 3
ARG S X R F R — RN E > F]a 3 i) g R (excavation

~»\

disturbed zone » EDZ) » :x MRS A2 (7 5 > Flot 0 A &5 L TR TP AR
Pruf Rt HR R R2ZPE FEDZ) > TR BPRRER I EHED 2
PE B REP DRE L BT HAE2 M B EHRKEA 1T % o

701 "RiE B R 2 T

+345 Backblom &2 Martin (1999)2_ %7 3 > #-*43f B 7 3 # 4 (EDZ) 2 % 5 T
¥4 % F (EDZ) % ¢ 7 4 § % (damaged zone) ¥ L3k F (failed zone) 2 % & | > 4o
7.1-1(a)¥51 » T Fif 4o
A. Bk ¥ (failed zone) @ E Bz 2 A A 2 %
B. if % % (damaged zone) : EHIEEHF 2 2 T H R T o
C. # % % (disturbed zone) © AR K fu(dr: B4 k4 BEFME FR Ly i

2. T o

@ Sato % 4 (2000)P] #-rgif B 251 R2 FHF(EDZ)F A = C(DERFG *
(excavation damaged zone) ; (2) A 4r fc ¥ (unsaturated zone) ; )& * £ 74 e %
(stress redistributed zone) = ~ %3¢ > L B 7.1-1(b) ©

CHEEHE % /] P (2005)7% %% Sato ¥ 4 (2000)2. T & - #"FiE B4 A2 ik
5 F(EDZ) T A 5 t(DERITEF 5 QEM2EEfcd SO R HR g F =

0 Ao 7.1-1(c)#rT o
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BT AEAAY | L AHFL

Fractures
A

(a) Backblom ¥2 Martin (1999)

erngwate; flow

/
N\

Na
Stress Redistributed

f :

Unsaturated «

ooy 5 R @ --u¢1w;sg
- SRR

Zone //;'tﬁ Zone .
E-”:”( B
/ q .‘?F"';”' aL B
/’* .ﬂf'é’. it i .
i A‘ ; "—-i. st

‘ Excavauon Damagcd

.“b .,
P tasl

i Skl
(b) Sato % «(2000) (c)
B 7.1-1 #£RE 3D ¥ (EDZ)7 b 255

712 2 FRERLILZ2ZLEHFHEE
d —%’\EE}\*%{E/T,“}}%\#] ;}7»«/}—&@}%@ 1
TREZ1IMSERG TSR YR EMZ 4 F

Martin, 1999) > F]gt » # % 2 B 5 #£34 3  3oig (kg )R 8 1 2 1% B2

WAL A I () R e

B Hakz b
d 3 - # % ¥ (Backblom and

43

7
~

=g

P BB T - A A MR B WA FEP Ao -
Bl AR H 2 B> * Aspo A #
v R 2R iR SR s (R

Bl G2 (drill & blast

%#éﬁﬁ%kﬁﬁﬁﬁﬁﬂﬁ—gz
BEHREFOLE)E#Z - FE 1,700 2 &~ 4
TA2) 0 T3 £ T 420 2% =R 2 C BEPUE 0 AW
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Mot B AP P B R FEB A2 AR LR F ALY | BN

method) £ & %75 4645 5 (TBM) ™ 32.(F] 7.1-3) » T B2 % ¢ 37— 472
PRBRGER O MBI AH FrE(RE)R R I 2 A NES 2R
LR C(DAFE I RZER RS S AR RARE (Y
A G b BT R RO LE RIEEZ R4S 03~05 27 ;T ERRR G
1~1.52%); Q- BB H 124282 2 (R M BR =% » HAKT
B (R )R % 5 (3)1995 5 #f(acoustic emission) & #.55 * B m » #BFiE 5l i
B A X K5 2T #8210 = - (Backblom et al., 1997) -

Bl 7.1-2 s Aspo Al iR 3 2 B R Fuf o R, Bl(Backblom et al., 1997)

TBM pilot drift - TBM Assembiy hall

TBM drit C1 TEM tast drift 1
cs
R -
—— —rm—— '“'mk'"‘": ...... -y
4 H
s i T
R 6.0m
B4; B6: R E
B2
AS__ o 1
M :E : &110111'
[ ] j21.0m
-
16.0m

[ S .
Drill & blast test drift " w oo w
! Radial holes

B 7.1-3 3L Aspo H #5327 kB #1312 3E% Uy 7 & Bl(Backblom et al.,
1997)

PAg bR Al B2 Ay A W 1 Ao B] 714 AT o

HY L ¥ET Pt AT 0 4 Bt 1980 ¥ 1990 & K42 $2 Tono( & Jk)¥? Kamaishi
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TR BRI R SR A A RS R RS F RN LR E

WE g o Tono( Kk )sdse g 3 p & ¢ bk & Bk > H g pug & B3R * 4
TFi2 B RAT N F ¥4 (boom header)® 2 5 @ Kamaishi i#5 B 3t p &30

B RB pug P4~ B4R - 40 'F(normal blasting)#? 3 i B “F (smooth blasting)#t
R > MR PIE(CRE)RIZ L 28 3 B BRITHONE Y B A WE 2P
o R B (R 715 2R 7108 (DEFEREZEFF 5L 1D
RESQBENARAANZEBFZ 2 F B9 5 0.3 2 ° % (Sugihara, 2009)

R&D P
Start of Research at QUALITY('99) "t‘;, b
: -
. T Iy
Start of Mizunami | - _ ")- 2040
URL Project ('96) },‘ H17 Report (05) 55

- ~ ({ .
Second Progress Report _1;_,,\0 2030
(Technical Reliability)('99)

Start of Research
at ENTRY ('93)

[ Implementatl 011]

Construction & Operation of
Start of Horonobe Repository

UEL Project ('01)

Y
2010 Selection of Dispozal Site

First Progress Report
(Technical feasibility)('92)

Concept of geological disposal
Geoscientific research at
Eamaishi Mine ('S88~'08)

Geoscientific research

<~ NUMO:
at Tono Mine ('86~'03)

"~ Commencement of
Open Solicitation
(Dec. 2002)

Start of R&D
Program
NSC: 1st Report on the Basis
for Safety Standards of HLW
Dizposzall'00)

Establichment of NUMO as an ~ .
Implementing Organization ('00) ' Beiffar (Bantonive)

. Geological Engineered barrier
"Specified Radioactive Waste Final Disposal Act" ('00) environment system

Bl 7.1-4 p &3 it 3 Al L PF B8 427 & Bl(Sugihara, 2009)

T+ Analvzed without EDZ 4.0
& Analyzed with EDZ 35 .
—+ Measured by Extensometer
E 2.0 : =20
] ; = !
a5 15 E 1.5 i
210 % =ﬁﬁ g 10 Al
F=h S e 3 = W) e
2 00 r3 = ! A ; r
A s - 0.5 :
12 10 8 6 4 2 0 12 10 8§ & 4 2 0
Distance from Drift Wall (m) Distance from Drift Wall (m)

{a) Mechanical Excavation {b) Blasting Excavation
B 7.1-5 % B33 1 0% 2 ug B 45 £ P B 4 45 = % (Sugihara, 2009)
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Legend
® Tension Mode , = 90dB © Tension Mode , < 90dB
= Combination,= 90dB ° Combination <. 90dB
* Shear Mode , = 90dB ¢ Shear Mode , <~ 90dB

® Tocation of AE Sensor B Damaged Zone with Vibration Measurement

5.0 (m) 5.0(m)
23 2.5
w
0 0
2.5 2.5
25 -5.0 -2.5 0 2.5
{a) Normal Blasting Section {b} Smooth Blasting Section

B 7.1-6 7 F B Y 4jiF2 AE £ 8] % % (Sugihara, 2009)

A

BATAFEHAIRRERE)R LI Y FIAMEFZPE > R E
(overburden) /i 3+ 230~320 = & j®2. Mont Terri £ % #® 5% F (L) » & Bl * (1)
iz 5 QR AT ] # #8(road header) ; (3)F #+ 5% BLAEH8 (pneumatic hammering)
BiziRs g (B 7.1-7) 87— kol 4 F& k4 FApM % 8RR O §
* %> Opalinus Clay # MB35+ 2 P4 #3] > 4Bl 7.1-8 #7777 (Bossart et al.,
2002) -

Mont Terri Rock Laboratory

] ) Sandy| Sandy Shaly :
Opalinus Clay: Shaly facies facies| facies facies Sandy facies

I blasting I Il | security Gallery

el L] u
o BF SHGN-U I'|II o -
d header excavation, _blasting * Niches
1996

New Gallery
1998

B8, B10, B12, B14\‘ B20

4m —B19

blasti " road header blasting pneumatic hammer

[ P Pneumatic/hydraulic test site }

B 7.1-7 332 Mont Terri # 7 #5% % 2. % kB 12 F5% U 7 & Bl (Bossart et
al., 2002)
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------------------------ unloading fractures
parallel to bedding

i [

unloading fractures
oblique to bedding

B 7.1-8 742 Opalinus Clay £ B 2 3#& + 2 #£ 4 -7 (Bossart et al., 2002)

SHC R DTSR E RN AR GRS B R
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B 7.3-12 #FE% BT p £ 9vk4 24 8 5 fipl s % (Nguyen et al., 2001)

DECOVALEX II 3427 1 & B+ 3] 383 p3% % b (test cases, TC)¥? =

B 2 & 22 5% (benchmark tests, BMT)e % — B I Pl3E % &) TCL %3058 L4k &

3 ¥-(Grimsel Underground Testing Facility)i& {7 chgfHp F= £¢ 2% B2

A2l fr @ % (full-scale engineered barriers experiment in crystalline host rock,
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