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1 countermeasures

2 Fault fracture zone or folded disturbance zone
3 fracture zone

4 Fault fracture zone

5 distribution

6 Unconsolidated ground

7 gravelly soil

8 cohesive soil

9 pumice stone

10 index of ground flow
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1 squeezing ground

2 swelling ground

3 geology structural stress by ground depth
4 rock burst

5 outbreak

6 scattering

" hot geothermy

8 hydrothermal alteration zone

% fracture zone

10 intrusive rock

1 accumulated geological structure
12 folded disturbance zones
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! marine muddy deposit
2 surface boring

3 electrical prospecting
4 Sonic prospecting
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! Distribution of aquifer

2 Geological mapping

3 tunnel longitudinal and plane figures
4 advancing (horizontal) boring

5 Drilling survey

6 the plane between ground
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2 catchment area
3 water balance
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L existence of any applicable laws and regulations
2 acquisition

3 termination of rights subsequent to the project

4 facts and interpretations
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! specific work plans

2 Planning for alignment

8 Auxiliary methods

4 Maintenance

5 deterioration of ground and materials
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Fractured condition in part
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1 Objective

2 Standardized

3 ordinary investigation and test
4 localized pressure
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2 non-uniformity
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L Pumpability
2 Consistency
3 Shrinkage stress
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1 Isolation sheets

2 Waterproof sheets

3 Expansive admixture

4 DESIGN OF INVERTS

5 uniting

6 Serviceability performance

" mechanical performance

8 water tightness

® the flatness of road surface

10 maintenance of water permeability
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! Plastic earth pressure
2 ring-shaped

3 heaving

4 deterioration

5 Deteriorate



’/grv \f*\"/~ﬂ/\'/\ ‘,L"}J“ . x-‘-)mu_ﬁ)tw [ 9‘

3 o gkl Y00
0SSty Ao S Ses 51 oy 45 355 o 00l ez 5 Vgl cdisiS B Vs plas 5l oylipabsl sliion,
i LU ogd ceal o)l 5l Gy adsl wllad jo cunl (S 0idS cns (e )0 (5l Llyd )0 050 s
o S5 wad glrale 5SS Gl il e adgl Dllasd o widS ST 05l (g5ll crge gladie o
Dy Wls> (59,8 (Sl
ign 5 4yl iy S—E-0-0
Sl gl o1, 60¥s8 65l b ol oS 5 b 2o S5lo Gl (s li> 5l (Gab plrals J5S jslaiea
9 d9b o0 A5 adgl widS WSl 4 0 90 cnl yo 0l )l 3 alade mhaw Lad> Sy S Send 50 65l Sl
SIS (g0 WS (oizmed g oo A A )0 ol S plgrear ;50 oSS Al o 5l e S50%

g o 4Bl g L ) (slalai ) 55,5 s 8 lraly ST Caz Cdse jsbay 4 ol
.‘.;%‘. . 9 ,s :._o_o_o

D9l (il (wysay else ple g e Ll bl sl 0l Cwlis g S

Colhel sla i aS alis .S o b 1) B U5 65K sbaptcs plo g Sua¥ bceS 5 po S
Y aS 8,5 Sl o1y b sl it o€ 5 e UL LS L ol U sla )l aze e aniS 0ol
055 1,8 4z 50,50 55 (69¥ 98 mhas (v b mhas (b cddsl aldS Caal b 0idS vl ogdle Col

S5 ahie g 3)lge 50 4z 51 b g0 (b (LE CEle 425 el Vgens aidS Cualis 5 JS
Ot Slallaz jobay Jalo o a5 098 0 00ls gz 5 05 0)lg) b oadd 0S8 ey b B 2 00y (e sl
09

5550 albolis oS ggmmian |, i el JEl g (55 b bl (Somie 950 4 b SY g anaS wbl lsle
Tz TS o)les p oges Cale SYLAl cual Grizen S ealyd WS Al e Sl jLas ) Wil
s Ceoglio b (dad S SO Cawl S ally 0b 5 SEY g 9S00y sl S Sloj o5y 5e 050 s 00ld
5,5 L )0 Edoay by KiyY 5 0riS ablis JSb ol iy 05 sl KiaY 5 0iiS ablis & gloee 1o 55
S Sl dy a0 0 0 a8 )F 0iiS gl KDY (p ) Ll idS ceal plie 4 (ol ogdle 05

foslo OYlail (0,5 515 o faed 4 0,00 0929 S (Sl o)lgo 0 Iy sbnl Jleia! T elasl fas

I Primary Invert and Temporary Invert

2 the construction joints perpendicular to the lining wall
3 drying shrinkage

4 construction joints
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L lower half support
2 thickness of either upper or lower half supports
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! Early Closure of Invert

2 Primary invert

3 hardening time of concrete

4 strength of materials of young age
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! waterproofing membrance
2 Spraying waterproofing

3 Spraying

4 coating

5 watertight tunnels

6 waterproofing membrances
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L vinyl chloride
2 filter mats

3 mesh tubes

4 ditches
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Shoterete
Waterproofing ~,

Concrete limng N

| Invert conerete

llxﬂimlluﬂlvigw:‘E « P - il Water
‘I»ﬁ: m— collecting
| 1 . material
: d Transverse drai pipe

(a) Example of center dram pipe installed on invert undersurface
(railway unnel) (Based on revision toreference”)

Shoterete

Waterproofing

Concrete lining

Side ditch
idle ditch \

L -

7\ Water
collecung
material

ppEem——

Center drain ———
pipe Transverse dram pipe

Invertconerate

(¢) Example of a center drain pipe installed on invert upper surface
(highway tunnel) (Based on revision toreference™)
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Waterproofing
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Invert conerete

Center drain ditch

Center dmin pipe |
(non-perforated

pipe)

\ ~ / l“
""" Water
collecting

Transverse druin pipe material

{b) Exanple of center dram ditch installed on mvert upper surface
(raihway tunnel) (Based on revision foreféerence”)
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Wateproofing . |
Conerete lining 3

Side ditch
N |

 Center drain pipe
/ -
B¥
—w—  Invertconerte
Invert shoterete

(d) Example of a water tight tunne] (highway tunnel)
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L risk of disturbing the swelling ground
2 connecting box
3 Check boxes
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Por Por Tunnel
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! slope failure
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2 portal zone
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1 snow cornices

2 wall

3 Protruding

4 wall portals

5 wing portals

6 cantilever slab

" wing stress

8 Coulomb's active earth pressure
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L acting load
2 Section force
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2 Protruding type

3 Gravity/Semi-gravity type
4 Wing type

5 Arch wing type

6 Half protruding type

7 Parapet type

8 Protruding type

9 Split bamboo type

10 Bell mouth type

1 Inverted Split bamboo type
12 Inverted bell mouth type
13 Retaining wall
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! Oblique
2 Ridge-like

3 Counterweight fill
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L transition section for the tunnel

2 cutting and filling for portal construction
3 counter-weight fill

4 extensive talus

5 deterioration

6 waterproofing
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Shotcrete

Waterproofing membrane

Insulation

Lining
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L slope failure

2 Angle of internal friction

3 small uniformity coefficient
4 outflow of ground

5 quicksand
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2 semi-hard or hard rock
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! countermeasures
2 the ground improvement body
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2 plural tunnels
3 center pillar
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! Branches
2 electrostatic precipitator
3 Right angle
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2 reinforced concrete
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! frame analysis

2 coefficient of lateral pressure
3 watertight

4 Waterproofing membrance

5 reinforcing bars
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L slope failure
2 frame analysis
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! Detachable or pipe-type wing ribs
2 Monitoring

3 Instrument
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1 Single Point Borehole Extensometer

2 Multiple Point Borehole Extensometer
3 Convergence Meter

4 Piezometer

5 Load Cell

6 Strain Gauge and Pressure Cell

7 Pins

8 Instrumented Bolt
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1 Membrane curing

2 Pulling out vibrators
3 Elastic vibrator

4 Form vibrators
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8 Mineral Admixtures
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