(01)Tunnel Works(lllustration) in Africa(1-276)

(01) Tunnel Works (Il lustration) in Africa(1-276)
Dig there,
You will find treasure

HEHX
TADANO TOSHIO




Reference

1ERIZNVKTYY TRELR
Civil Engineering Handbook Edited by Japan Society of Civil Engineers
2EBRETRNVEKET YUY BEIREZRR

Agricultural civil engineering handbook Japan Society of Agricultural Civil Engineers

SRETHFR L K& (1-5)
lllustrated Text = General civil engineering(1-5)

4(fE 18 - EHERAE
lllustrated Glossary of Soil Characteristics and Basic Terms

5 A EFE
Glossary of applied geological terms

6 EREMXEIR LARAEFH
Practical English-Japanese translation Dictionary of civil engineering terms

7T RELTKAE
Glossary of agricultural civil engineering terms

8 KT
Glossary of civil engineering construction terms

9xKRKavHo/U—+HE
Glossary of civil engineering and concrete terms

10 T KFAEETFH RRIZEHRER
Dictionary of civil engineering terms Edited by Tokyo Engineering Study Group

RHE
GIHODO SHUPPAN Co., Ltd.

AEHRASH
Maruzen Co., Ltd.

M7 &Rt
ICHIGAYA Publishing Co., Ltd

BEERE
Toyo Shoten Co., Ltd.

BEERE
Toyo Shoten Co., Ltd.

TEHREAEH
Engineering Publishing Co., Ltd.

BEEE
Toyo Shoten Co., Ltd.

BEEE
Toyo Shoten Co., Ltd.

REEE
Toyo Book Book Store

ITEHRMRK S
Engineering Publishing Co., Ltd.

REHX

Tadano Toshio



(T1)The Role of the Tunnel
(T2)The Role of the Tunnel
(T3)The Role of the Tunnel
(T4)Tunnel(investigation)
(T5)Tunnel(investigation-Landslides)
(T6)Tunnel(investigation-soil cover)
(T7)Tunnel(investigation- Fault fracture zone)

(T8)Tunnel(investigation- Hydrous-containing unconsolidated ground)
(T9)Tunnel(investigation-Expansive ground)

(T10)Tunnel(investigation-High ground pressure, etc)
(T11)Tunnel(Geology-Expansion)

(T12)Tunnel(Geology-Groundwater and spring water)
(T13)Tunnel(Geology-Surface water inundation)

(T14)Tunnel(Geology-Geothermal heat)

(T15)Tunnel(Geology-Spouting of natural gas)

(T16)Tunnel(Geology-Stress in the ground)

(T17)Tunnel(Geology-Movement of ground)

(T18)Tunnel(Topography-Fault zone)

(T19)Tunnel(Topography-Folds)

(T20)Tunnel(Topography-Terraces)

(T21)Tunnel(Topography-Cliff: Landslide)

(T22)Tunnel(Topography-Landslide)

(T23)Tunnel(Construction plan-Tunnel design)

(T24)Tunnel(Construction plan-construction method)

(T25)Tunnel(Construction equipment-surface installations)
(T26)Tunnel(Construction equipment-tunnel equipment)

(T27)Tunnel(Construction equipment-Electrical equipment)

(T28)Tunnel(Excavation methods)

(T29)Tunnel(Excavation methods-Full-section excavation method)
(T30)Tunnel(Excavation methods-heading excavation method)
(T31)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)
(T32)Tunnel(Side wall heading(pilot) tunnel advanced upper half section excavation method)
(T33)Tunnel(Excavation method-Bench cut method)

(T34)Tunnel(Excavation method-Ring cut method)

The Role of the Tunnel

The Role of the Tunnel

The Role of the Tunnel
Tunnel(investigation)
investigation-Landslides
investigation-soil cover

investigation- Fault fracture zone
investigation

investigation-Expansive ground
investigation-High ground pressure, etc
Geology-Expansion
Geology-Groundwater and spring water
Geology-Surface water inundation
Geology-Geothermal heat
Geology-Spouting of natural gas
Geology-Stress in the ground
Geology-Movement of ground
Topography-Fault zone
Topography-Folds
Topography-Terraces

Cliff: Landslide

Landslide

Tunnel design

construction method

surface installations

tunnel equipment

Electrical equipment

Excavation methods

Full-section excavation method
heading excavation method
Bottom-heading tunnel advanced upper half
Side wall heading(pilot) tunnel advanced
Bench cut method

Ring cut method



(T35)Tunnel(Large section tunnel excavation method) Large section tunnel excavation method
(T36)Tunnel(Rock drilling) Rock drilling

(T37)Tunnel(Rock drilling) Rock drilling

(T38)Tunnel(Rock drilling) Rock drilling

(T39)Tunnel(cut) Tunnel(cut)

(T40)Tunnel(cut) Tunnel(cut)

(T41)Tunnel(Burn cut) Burn cut

(T42)Tunnel(No-cut method) No-cut method
(T43)Tunnel(Precautions for blasting) Precautions for blasting
(T44)Tunnel(Loading machines) Loading machines
(T45)Tunnel(Muck transport method) Muck transport method
(T46)Tunnel(Muck Handling-Rails and turnouts) Muck Handling-Rails and turnouts
(T47)Tunnel(Muck Handling-Tire method) Muck Handling-Tire method
(T48)Tunnel(Muck Handling-Tire method) Muck Handling-Tire method
(T49)Tunnel(ventilation) ventilation
(T50)Tunnel(ventilation) ventilation
(T51)Tunnel(timbering(support)) timbering(support)
(T52)Tunnel(timbering(support)) timbering(support)
(T53)Tunnel(Steel arch supports) Steel arch supports
(T54)Tunnel(Steel arch supports) Steel arch supports
(T55)Tunnel(Steel arch supports) Steel arch supports
(T56)Tunnel(Rock Bolt) Rock Bolt

(T57)Tunnel(Rock Bolt) Rock Bolt

(T58)Tunnel(Rock Bolt) Rock Bolt
(T59)Tunnel(Shotcrete-Dry system diagram) Shotcrete
(T60)Tunnel(Shotcrete-Wet system diagram) Shotcrete
(T61)Tunnel(NATM (New Austrian Tunneling Method)) NATM

(T62)Tunnel(NATM (New Austrian Tunneling Method)) NATM

(T63)Tunnel(Coverings (lining)) Coverings (lining)
(T64)Tunnel(Coverings (lining)-shrinkage cracking (strain)) Coverings (lining)-shrinkage cracking (strain)
(T65)Tunnel(Coverings (lining)-Crack protection) Coverings (lining)-Crack protection
(T66)Tunnel(Shape of the Coverings (lining)) Coverings (lining)
(T67)Tunnel(Enlarged sidewall concrete) Coverings (lining)
(T68)Tunnel(Shape of the cover) Coverings (lining)



(T69)Tunnel(coverings (lining)) coverings (lining))
(T70)Tunnel(coverings (lining)-formwork) coverings (lining)-formwork
(T71)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T72)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T73)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T74)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T75)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T76)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T77)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T78)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T79)Tunnel(coverings (lining)-Concrete placing) coverings (lining)-Concrete placing
(T80)Tunnel(Grouting) Grouting

(T81)Tunnel(Grouting) Grouting

(T82)Tunnel(Grouting) Grouting

(T83)Tunnel(Grouting) Grouting

(T84)Tunnel(Grouting (injection pipe)) Grouting

(T85)Tunnel(Grouting (injection pipe) ) Grouting

(T86)Tunnel(Special methods) facing stabilization measures
(T87)Tunnel(facing stabilization measures-Measures against ground settlement) facing stabilization measures
(T88)Tunnel(Injection method) Injection method
(T89)Tunnel(Freezing method) Freezing method
(T90)Tunnel(Drainage boring) Drainage boring

(T91)Tunnel(Well point method) Well point method
(T92)Tunnel(Pipe roof methods) Pipe roof methods
(T93)Tunnel(Special steel sheet pile jacking method) Special steel sheet pile jacking method
(T94)Tunnel(Barrier wall method) Barrier wall method
(T95)Tunnel(Downward bolt from the ground) Tunnel(Downward bolt from the ground
(T96)Tunnel(Deep well method) Deep well method
(T97)Tunnel(Investigations during construction) Investigations during construction
(T98)Tunnel(Expansive ground) Tunnel(Expansive ground)
(T99)Tunnel(Weathered rock zone) Tunnel(Weathered rock zone)
(T100)Tunnel(Tunnel survey) Tunnel survey
(T101)Tunnel(Tunnel alignment) Tunnel alignment

(

T102)Tunnel(Tunnel gradient) Tunnel gradient



(T103)Tunnel(Tunnel gradient)
(T104)Tunnel(Tunnel gradient)
(T105)Tunnel(Cross-sectional shape of the tunnel)
(T106)Tunnel(Cross-sectional shape of the tunnel)
(T107)Tunnel(Cross-sectional shape of the tunnel)
(T108)Tunnel(Mountain tunnels)
(T109)Tunnel(Urban tunnels)
(T110)Tunnel(Underwater tunnels)
(T111)Tunnel(Full cross-section excavation method)
(T112)Tunnel(Shield construction method)

(T113)Tunnel(Bench cut method)

(T114)Tunnel(Advance heading(Pilot) tunnel excavation method)
(T115)Tunnel(Open cut method)

(T116)Tunnel(immersed tunnel(trench tunnel))
(T117)Tunnel(Assembled formwork)

(T118)Tunnel(traveling form form)

(T119)Tunnel(NATM (New Austrian Tunneling Method)
(T120)Tunnel(Tunnel survey)

(T121)Tunnel(Outline survey)

(T122)Tunnel(Detailed survey)

(T123)Tunnel(Surveys before construction)
(T124)Tunnel(Surveys during construction)
(T125)Tunnel(Survey after completion)

(T126)Tunnel(alignment)

(T127)Tunnel(Slope)

(T128)Tunnel(Cross-sectional shape)

(T129)Tunnel(Ancillary facilities)

(T130)Tunnel(Ancillary facilities)

(T131)Tunnel(Excavation method)

(T132)Tunnel(tunnel section)

(T133)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)

(T134)Tunnel(Advanced low heading-installation conduction)
(T135)Tunnel(Side wall heading(guide) tunnel advance)
(T136)Tunnel(Upper half section excavation method)

Tunnel gradient

Tunnel gradient

Cross-sectional shape of the tunnel
Cross-sectional shape of the tunnel
Cross-sectional shape of the tunnel
Mountain tunnels

Urban tunnels

Underwater tunnels

Full cross-section excavation method
Shield construction method

Bench cut method

Advance heading(Pilot) tunnel excavation
Open cut method

immersed tunnel(trench tunnel)
Assembled formwork

traveling form form

NATM (New Austrian Tunneling Method)
Tunnel survey

Outline survey

Detailed survey

Surveys before construction

Surveys during construction

Survey after completion

alignment

Slope

Cross-sectional shape

Ancillary facilities

Ancillary facilities

Excavation method

tunnel section

Bottom-heading tunnel advanced upper half
Advanced low heading-installation conduction
Side wall heading(guide) tunnel advance
Upper half section excavation method



(T137)Tunnel( tunnel boring machine) tunnel boring machine

(T138)Tunnel( Blast work) Blast work

(T139)Tunnel(Blasting work) Blasting work

(T140)Tunnel(Blasting work) Blasting work

(T141)Tunnel(Blasting work) Blasting work
(T142)Tunnel(Explosives: Gunpowder, explosives) Explosives: Gunpowder, explosives
(T143)Tunnel(Explosives: Gunpowder, explosives) Explosives: Gunpowder, explosives
(T144)Tunnel(Explosives: Gunpowder, explosives) Explosives: Gunpowder, explosives
(T145)Tunnel(Tunnel excavation soil treatment(Muck disposal)) Muck disposal

(T146)Tunnel(Support) Support

(T147)Tunnel(Rock bolt) Rock bolt

(T148)Tunnel(Sprayed concrete(Shotcrete)) Sprayed concrete(Shotcrete)
(T149)Tunnel(NATM (New Austrian Tunneling Method)) NATM (New Austrian Tunneling Method)
(T150)Tunnel(Coverings (lining) ) Coverings (lining)
(T151)Tunnel(Formwork) Formwork

(T152)Tunnel(traveling form(Mobile formwork)) Mobile formwork)
(T153)Tunnel(Coverings (lining) Coverings (lining)
(T154)Tunnel(waterproof - drainage pipes) waterproof - drainage pipes
(T155)Tunnel(Shield method) Shield method

(T156)Tunnel(Shield tunneling) Shield tunneling

(T157)Tunnel(Air pressure shield tunneling) Air pressure shield tunneling
(T158)Tunnel(Muddy water pressurized shield method) Muddy water pressurized shield method
(T159)Tunnel(Earth pressure balance shield method) Earth pressure balance shield method
(T160)Tunnel(Open cut excavation without timbering ) Open cut excavation without timbering
(T161)Tunnel( Open cut method Full-section ) Open cut method Full-section
(T162)Tunnel(Partial excavation method (trench method)) Partial excavation method (trench method)
(T163)Tunnel(edge cutting pipe jacking) edge cutting pipe jacking
(T164)Tunnel(Semi-shield pipe jacking method) Semi-shield pipe jacking method
(T165)Tunnel(shield -pipe jacking method) shield -pipe jacking method
(T166)Tunnel(immersed tunnel(trench tunnel)) immersed tunnel(trench tunnel)
(T167)Tunnel(immersed tunnel(trench tunnel)) immersed tunnel(trench tunnel)
(T168)Tunnel(immersed tunnel(trench tunnel)) immersed tunnel(trench tunnel)
(T169)Tunnel(immersed tunnel(trench tunnel)) immersed tunnel(trench tunnel)
(T170)Tunnel(immersed tunnel(trench tunnel)) immersed tunnel(trench tunnel)



(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(
(
(

T171)Tunnel
T172)Tunnel
T173)Tunnel
T174)Tunnel
T175)Tunnel
T176)Tunnel
T177)Tunnel
T178)Tunnel
T179)Tunnel
T180)Tunnel
T181)Tunnel
T182)Tunnel
T183)Tunnel
T184)Tunnel
T185)Tunnel
T186)Tunnel
T187)Tunnel
T188)Tunnel
T189)Tunnel
T190)Tunnel

o~ e A A AR AR AR ARARARAARAARAAAARAAR~=

T193)Tunnel(
T194)Tunnel
T195)Tunnel
T196)Tunnel
T197)Tunnel

T198)Tunnel(Bottom heading(pilot) tunnel advance ring cut method)
Sidewall heading tunnel advanced ring cut construction method)

T200)Tunnel

T201)Tunnel(Upper half section ring excavation method)
T202)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)
T203)Tunnel(Side wall guide shaft advanced upper half section construction method)

(
(
(
(
(
T199)Tunnel(
(
(
(
(
(

T204)Tunnel

immersed tunnel(trench tunnel))
immersed tunnel(trench tunnel))
immersed tunnel(trench tunnel))
immersed tunnel(Hydraulic joint))
immersed tunnel(Flexible joint))

Injection method/Deviation water drainage method)

Injection material: grout)
Grouting)

Grouting)

Injection method/Detour drainage method)
Pipe parallel /Messer method)
Pipe parallel method)

Messer method)

Freezing methods)

Freezing methods)

Invert)

Return packing)

Payment line)

bracing)

Upper half section advanced construction method)
T191)Tunnel(Full-section advanced construction method)
(T192)Tunnel(Side wall heading(Pilot) tunnel excavation work advanced upper half section method)

Enlarged sidewall concrete)

Shaft)

Soil cover)

Tunnel axis direction)

NATM (New Austrian Tunneling Method))

Full cross-section method)

Lining concrete)

immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)

Injection method

grout

Grouting

Grouting

Injection method/Detour drainage method
Pipe parallel /Messer method

Pipe parallel method

Messer method

Freezing methods

Freezing methods

Invert

Return packing

Payment line

bracing

Upper half section advanced construction
Full-section advanced construction method
Side wall heading(Pilot) tunnel excavation work
Enlarged sidewall concrete

Shaft

Soil cover

Tunnel axis direction

NATM (New Austrian Tunneling Method)
Bottom heading(pilot) tunnel advance ring
Sidewall heading tunnel advanced ring
Full cross-section method

Upper half section ring excavation method
Bottom-heading tunnel advanced upper
Side wall guide shaft advanced upper
Lining concrete



T205)Tunnel(payment lines)
T206)Tunnel(Short step system)
T207)Tunnel(Shield tunnel)

T208)Enlarged sidewall concrete(Protecting concrete wall)

(

(

(

(

(T209)Iimmersed tunnel
(T210)Tunnel(telescopic form)
(T211)Tunnel(Inner section)
(T212)Tunnel(Inner section)
(T213)Tunnel(NATM (New Austrian Tunneling Method))
(T214)Tunnel(NATM (New Austrian Tunneling Method))
(T215)Tunnel(NATM (New Austrian Tunneling Method))
(T216)Tunnel(immersed tunnel(trench tunnel))
(T217)Bernold method
(T218)Waterproofing sheet
(T219)Thickness of lining
(T220)shield tunneling
(T221)support(timbering)
(T222)inclined adit :inclined shaft

(T223)pipe jacking method(Tensioning method)
(T224)pipe jacking method(Middle push-out method)
(T225)heading(Pilot)

(T226)NATM (New Austrian Tunneling Method)
(T227)Tunnel(swelling heaving)
(T228)Tunnel(swelling heaving)
(T229)Tunnel(swelling heaving)
(T230)Tunnel(chipping)
(T231)Tunnel(pneumatic method)
(T232)Tunnel(bottom of bore hole)
(T233)Tunnel(clay tamping)
(T234)Tunnel(traveling form(Mobile formwork))
(T235)Tunnel(Invert)

(T236)Tunnel(Invert)

(T237)Tunnel(wall plate)

(T238)Tunnel(Wall plate type support(timbering))

payment lines
Short step system
Shield tunnel
Enlarged sidewall (Protecting concrete wall)
Immersed tunnel

telescopic form

Inner section

Inner section

NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
immersed tunnel(trench tunnel)

Bernold method

Waterproofing sheet

Thickness of lining

shield tunneling

support(timbering)

inclined adit :inclined shaft

pipe jacking method(Tensioning method)
pipe jacking method(Middle push-out method)
heading(Pilot)

NATM (New Austrian Tunneling Method)
swelling heaving

swelling heaving

swelling heaving

chipping

pneumatic method

bottom of bore hole

clay tamping

traveling form(Mobile formwork)

Invert

Invert

wall plate

Wall plate type support(timbering)



(T239)Tunnel(pumice-stone(Floating stones))
(T240)Tunnel(logging)
(T241)Tunnel(adit(Horizontal pit))
(T242)Tunnel(heading(guide) drilling)
(T243)open cut - trench method

(T244) erection fixture(Temporary Installations)
(T245) tunnel(enlargement)

(T246) tunnel(segmental arch timber)
(T247)tunnel(glory hole system)

(T248) tunnel(steel centre)

(T249) tunnel(pit)

(T250) tunnel(undermining blast method)
(T251)Portal -pit gate

(T252)Concrete bed

(T253) open cut method

(T254)tunnel(shunt heading)
(T255)tunnel(mucking)
(T256)tunnel(mucking)
(T257)tunnel(wedging)
(T258)Enlarged sidewall
(T259)tunnel(core method of tunnel construction)
(T260)tunnel(upraise)
(T261)tunnel(top heading of tunnel construction)
(T262)tunnel(immersed tunnel(trench tunnel))
(T263)tunnel(earth pressure shield)
(T264)tunnel(heading(Pilot))
(T265)tunnel(timbering of heading)
(T266)tunnel(trolley(Earth transport vehicle))
(T267)tunnel(drll jambo)

(T268)tunnel(tunnel surveying)
(T269)tunnel(Inclined Shaft)
(T270)tunnel(fuse)

(T271)tunnel(pipe roofing protection)
(T272)tunnel(lining)

pumice-stone(Floating stones)
logging

adit(Horizontal pit)
heading(guide) drilling

open cut - trench method
erection fixture(Temporary Installations)
enlargement

segmental arch timber

glory hole system

steel centre

pit

undermining blast method
Portal -pit gate

Concrete bed

open cut method

shunt heading

mucking

mucking

wedging

Enlarged sidewall

core method of tunnel construction
upraise

top heading of tunnel construction
immersed tunnel(trench tunnel)
earth pressure shield
heading(Pilot)

timbering of heading
trolley(Earth transport vehicle)
drll jambo

tunnel surveying

Inclined Shaft

fuse

pipe roofing protection

lining



(T273)edge cutting pipe jacking edge cutting pipe jacking
(T274)Tunnel(half section excavation) half section excavation
(T275)Tunnel(shot crete) shot crete
(T276)Tunnel(bench cut method) bench cut method



T138)Tunnel
T241)Tunnel
T114)Tunnel
T134)Tunnel
T157)Tunnel
T126)Tunnel
T129)Tunnel
T130)Tunnel
T117)Tunnel(Assembled formwork)
T94)Tunnel(Barrier wall method)

( Blast work)
(

(

(

(

(

(

(

E
(T33)Tunnel(Excavation method-Bench cut method)
(

(

(

(

(

(

(

(

(

(

adit(Horizontal pit))

Advance heading(Pilot) tunnel excavation method)
Advanced low heading-installation conduction)

Air pressure shield tunneling)

alignment)

Ancillary facilities)

Ancillary facilities)

P ——

T113)Tunnel(Bench cut method)
T276)Tunnel(bench cut method)
T217)Bernold method
T139)Tunnel(Blasting work)
T140)Tunnel
T141)Tunnel

Blasting work)

Blasting work)

T198)Tunnel(Bottom heading(pilot) tunnel advance ring cut method)
T232)Tunnel(bottom of bore hole)

T202)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)
T31)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)
(T133)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)
T189)Tunnel(bracing)

T41)Tunnel(Burn cut)

T230)Tunnel(chipping)

T233)Tunnel(clay tamping)

T21)Tunnel(Topography-Cliff: Landslide)

T252)Concrete bed

T24)Tunnel(Construction plan-construction method)

T259)tunnel(core method of tunnel construction)

T63)Tunnel(Coverings (lining))

T66)Tunnel(Shape of the Coverings (lining))

T67)Tunnel(Enlarged sidewall concrete)

T68)Tunnel(Shape of the cover)

P————

N N N N N o o o o~ o~~~

Blast work

adit(Horizontal pit)

Advance heading(Pilot) tunnel excavation
Advanced low heading-installation conduction
Air pressure shield tunneling

alignment

Ancillary facilities

Ancillary facilities

Assembled formwork

Barrier wall method

Bench cut method

Bench cut method

bench cut method

Bernold method

Blasting work

Blasting work

Blasting work

Bottom heading(pilot) tunnel advance ring
bottom of bore hole

Bottom-heading tunnel advanced upper
Bottom-heading tunnel advanced upper half
Bottom-heading tunnel advanced upper half
bracing

Burn cut

chipping

clay tamping

Cliff: Landslide

Concrete bed

construction method

core method of tunnel construction
Coverings (lining)

Coverings (lining)

Coverings (lining)

Coverings (lining)



(T153)Tunnel(Coverings (lining)
(T150)Tunnel(Coverings (lining) )
(T69)Tunnel(coverings (lining))
(T71)Tunnel(coverings (lining)-Concrete placing)
(T72)Tunnel(coverings (lining)-Concrete placing)
(T73)Tunnel(coverings (lining)-Concrete placing)
(T74)Tunnel(coverings (lining)-Concrete placing)
(T75)Tunnel(coverings (lining)-Concrete placing)
(T76)Tunnel(coverings (lining)-Concrete placing)
(T77)Tunnel(coverings (lining)-Concrete placing)
(T78)Tunnel(coverings (lining)-Concrete placing)
(T79)Tunnel(coverings (lining)-Concrete placing)
(T65)Tunnel(Coverings (lining)-Crack protection)
(T70)Tunnel(coverings (lining)-formwork)
(T64)Tunnel(Coverings (lining)-shrinkage cracking (strain))
(T128)Tunnel(Cross-sectional shape)
(T105)Tunnel(Cross-sectional shape of the tunnel)
(T106)Tunnel(Cross-sectional shape of the tunnel)
(T107)Tunnel(Cross-sectional shape of the tunnel)
(T96)Tunnel(Deep well method)
(T122)Tunnel(Detailed survey)
(T90)Tunnel(Drainage boring)

(T267)tunnel(drll jambo)

(T159)Tunnel(Earth pressure balance shield method)
(T263)tunnel(earth pressure shield)
(T163)Tunnel(edge cutting pipe jacking)

(T273)edge cutting pipe jacking
(T27)Tunnel(Construction equipment-Electrical equipment)
(T258)Enlarged sidewall

(T208)Enlarged sidewall concrete(Protecting concrete wall)
(T193)Tunnel(Enlarged sidewall concrete)

(T245) tunnel(enlargement)

(T244) erection fixture(Temporary Installations)
(T131)Tunnel(Excavation method)

Coverings (lining)

Coverings (lining)

coverings (lining))

coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
coverings (lining)-Concrete placing
Coverings (lining)-Crack protection
coverings (lining)-formwork

Coverings (lining)-shrinkage cracking (strain)
Cross-sectional shape

Cross-sectional shape of the tunnel
Cross-sectional shape of the tunnel
Cross-sectional shape of the tunnel
Deep well method

Detailed survey

Drainage boring

drll jambo

Earth pressure balance shield method
earth pressure shield

edge cutting pipe jacking

edge cutting pipe jacking

Electrical equipment

Enlarged sidewall

Enlarged sidewall (Protecting concrete wall)

Enlarged sidewall concrete
enlargement

erection fixture(Temporary Installations)
Excavation method



T28)Tunnel(Excavation methods)
T142)Tunnel(Explosives: Gunpowder, explosives)
T143)Tunnel(Explosives: Gunpowder, explosives)
T144)Tunnel(Explosives: Gunpowder, explosives)
T86)Tunnel(Special methods)
T87)Tunnel(facing stabilization measures-Measures against ground settlement)
T151)Tunnel(Formwork)
T89)Tunnel(Freezing method)
T184)Tunnel(Freezing methods)
T185)Tunnel(Freezing methods)
T111)Tunnel(Full cross-section excavation method)
T200)Tunnel(Full cross-section method)
T191)Tunnel(Full-section advanced construction method)
T29)Tunnel(Excavation methods-Full-section excavation method)
T270)tunnel(fuse)
T11)Tunnel(Geology-Expansion)
T14)Tunnel(Geology-Geothermal heat)
T12)Tunnel(Geology-Groundwater and spring water)
T17)Tunnel(Geology-Movement of ground)
T15)Tunnel(Geology-Spouting of natural gas)
T16)Tunnel(Geology-Stress in the ground)
T13)Tunnel(Geology-Surface water inundation)
(T247)tunnel(glory hole system)
T177)Tunnel(Injection material: grout)
T80)Tunnel(Grouting)
T81)Tunnel(Grouting)
T82)Tunnel(Grouting)

(

(
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(
(
(
(
(T83)Tunnel(Grouting)

(T84)Tunnel(Grouting (injection pipe) )

(T85)Tunnel(Grouting (injection pipe))

(T178)Tunnel(Grouting)

(T179)Tunnel(Grouting)

(T274)Tunnel(half section excavation)

(T30)Tunnel(Excavation methods-heading excavation method)

Excavation methods

Explosives: Gunpowder, explosives
Explosives: Gunpowder, explosives
Explosives: Gunpowder, explosives
facing stabilization measures
facing stabilization measures
Formwork

Freezing method

Freezing methods

Freezing methods

Full cross-section excavation method
Full cross-section method
Full-section advanced construction method
Full-section excavation method
fuse

Geology-Expansion
Geology-Geothermal heat
Geology-Groundwater and spring water
Geology-Movement of ground
Geology-Spouting of natural gas
Geology-Stress in the ground
Geology-Surface water inundation
glory hole system

grout

Grouting

Grouting

Grouting

Grouting

Grouting

Grouting

Grouting

Grouting

half section excavation

heading excavation method



T242)Tunnel(heading(guide) drilling)
T225)heading(Pilot)
T264)tunnel(heading(Pilot))

T209)Iimmersed tunnel
T116)Tunnel(immersed tunnel(trench tunnel))
T166)Tunnel(immersed tunnel(trench tunnel))
T167)Tunnel(immersed tunnel(trench tunnel))
T168)Tunnel(immersed tunnel(trench tunnel))
T169)Tunnel(immersed tunnel(trench tunnel))
T170)Tunnel(immersed tunnel(trench tunnel))
T171)Tunnel(immersed tunnel(trench tunnel))
T172)Tunnel (
T173)Tunnel (
T174)Tunnel (
T175)Tunnel (
T216)Tunnel(immersed tunnel(trench tunnel))
T262)tunnel(immersed tunnel(trench tunnel))

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
E
(T222)inclined adit :inclined shaft
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

immersed tunnel(trench tunnel))
immersed tunnel(trench tunnel))
immersed tunnel(Hydraulic joint))

P

immersed tunnel(Flexible joint))

T269)tunnel(Inclined Shaft)

T88)Tunnel(Injection method)

T176)Tunnel(Injection method/Deviation water drainage method)
T180)Tunnel(Injection method/Detour drainage method)
T211)Tunnel(Inner section)

T212)Tunnel(Inner section)

T186)Tunnel(Invert)

T235)Tunnel(Invert)

T236)Tunnel(Invert)

T8)Tunnel(investigation- Hydrous-containing unconsolidated ground)
T7)Tunnel(investigation- Fault fracture zone)
T9)Tunnel(investigation-Expansive ground)
T10)Tunnel(investigation-High ground pressure, etc)
T5)Tunnel(investigation-Landslides)

T97)Tunnel(Investigations during construction)
T6)Tunnel(investigation-soil cover)

heading(guide) drilling
heading(Pilot)
heading(Pilot)
Immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel
immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)
immersed tunnel(trench tunnel)

inclined adit :inclined shaft

Inclined Shaft

Injection method

Injection method

Injection method/Detour drainage method
Inner section

Inner section

Invert

Invert

Invert

investigation

investigation- Fault fracture zone
investigation-Expansive ground
investigation-High ground pressure, etc
investigation-Landslides

Investigations during construction
investigation-soil cover

trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)
trench tunnel)

P —y



(T22)Tunnel(Topography-Landslide)
(T35)Tunnel(Large section tunnel excavation method)
(T272)tunnel(lining)
(T204)Tunnel(Lining concrete)
(T44)Tunnel(Loading machines)
(T240)Tunnel(logging)
(T183)Tunnel(Messer method)
(T152)Tunnel(traveling form(Mobile formwork))
(T108)Tunnel(Mountain tunnels)
(T145)Tunnel(Tunnel excavation soil treatment(Muck disposal))
(T46)Tunnel(Muck Handling-Rails and turnouts)
(T47)Tunnel(Muck Handling-Tire method)
(T48)Tunnel(Muck Handling-Tire method)
(T45)Tunnel(Muck transport method)
(T255)tunnel(mucking)

(T256)tunnel(mucking)

(T158)Tunnel(Muddy water pressurized shield method)
(T61)Tunnel(NATM (New Austrian Tunneling Method))
(T62)Tunnel(NATM (New Austrian Tunneling Method))
(T119)Tunnel(NATM (New Austrian Tunneling Method)
(T149)Tunnel(NATM (New Austrian Tunneling Method))
(T197)Tunnel(NATM (New Austrian Tunneling Method))
(T213)Tunnel(NATM (New Austrian Tunneling Method))
(T214)Tunnel(NATM (New Austrian Tunneling Method) )
(T215)Tunnel(NATM (New Austrian Tunneling Method))
(T226)NATM (New Austrian Tunneling Method)
(T42)Tunnel(No-cut method)

(T160)Tunnel(Open cut excavation without timbering )
(T115)Tunnel(Open cut method)

(T253) open cut method

(T161)Tunnel( Open cut method Full-section )
(T243)open cut * trench method

(T121)Tunnel(Outline survey)

(T162)Tunnel(Partial excavation method (trench method))

Landslide

Large section tunnel excavation method
lining

Lining concrete

Loading machines

logging

Messer method

Mobile formwork)

Mountain tunnels

Muck disposal

Muck Handling-Rails and turnouts

Muck Handling-Tire method

Muck Handling-Tire method

Muck transport method

mucking

mucking

Muddy water pressurized shield method
NATM

NATM

NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
NATM (New Austrian Tunneling Method)
No-cut method

Open cut excavation without timbering
Open cut method

open cut method

Open cut method Full-section

open cut - trench method

Outline survey

Partial excavation method (trench method)



T188)Tunnel(Payment line)
T205)Tunnel(payment lines)

T224)pipe jacking method(Middle push-out method)

T181)Tunnel(Pipe parallel /Messer method)
T182)Tunnel(Pipe parallel method)
T92)Tunnel(Pipe roof methods)
T271)tunnel(pipe roofing protection)

(T249) tunnel(pit)

(T231)Tunnel(pneumatic method)
(T251)Portal -pit gate
(T43)Tunnel(Precautions for blasting)
(T239)Tunnel(pumice-stone(Floating stones))
(T187)Tunnel(Return packing)
(T34)Tunnel(Excavation method-Ring cut method)
(T56)Tunnel(Rock Bolt)
(
(
(
(
(
(

(
(
(
(T223)pipe jacking method(Tensioning method)
(
(
(
(

T57)Tunnel(Rock Bolt)

T58)Tunnel(Rock Bolt)
T147)Tunnel(Rock bolt)
T36)Tunnel(Rock drilling)
T37)Tunnel(Rock drilling)
T38)Tunnel(Rock drilling)

(T246) tunnel(segmental arch timber)
(T164)Tunnel(Semi-shield pipe jacking method)
(T194)Tunnel(Shaft)

(T220)shield tunneling
(T112)Tunnel(Shield construction method)
(T155)Tunnel(Shield method)
(T165)Tunnel(shield -pipe jacking method)
(

(

(

(

(

T156)Tunnel(Shield tunneling)
T206)Tunnel(Short step system)
T275)Tunnel(shot crete)
T59)Tunnel(Shotcrete-Dry system diagram)

(

(
T207)Tunnel(Shield tunnel)
(

(

Payment line
payment lines

pipe jacking method(Middle push-out method)
pipe jacking method(Tensioning method)

Pipe parallel /Messer method
Pipe parallel method

Pipe roof methods

pipe roofing protection

pit

pneumatic method

Portal -pit gate

Precautions for blasting
pumice-stone(Floating stones)
Return packing

Ring cut method

Rock Bolt

Rock Bolt

Rock Bolt

Rock bolt

Rock drilling

Rock drilling

Rock drilling

segmental arch timber
Semi-shield pipe jacking method
Shaft

shield tunneling

Shield construction method
Shield method

shield -pipe jacking method
Shield tunnel

Shield tunneling

Short step system

shot crete

Shotcrete



(T60)Tunnel(Shotcrete-Wet system diagram) Shotcrete

(T254)tunnel(shunt heading) shunt heading

(T203)Tunnel(Side wall guide shaft advanced upper half section construction method) Side wall guide shaft advanced upper
(T135)Tunnel(Side wall heading(guide) tunnel advance) Side wall heading(guide) tunnel advance
(T32)Tunnel(Side wall heading(pilot) tunnel advanced upper half section excavation method) Side wall heading(pilot) tunnel advanced
(T192)Tunnel(Side wall heading(Pilot) tunnel excavation work advanced upper half section method) Side wall heading(Pilot) tunnel excavation work
(T199)Tunnel(Sidewall heading tunnel advanced ring cut construction method) Sidewall heading tunnel advanced ring
T127)Tunnel(Slope) Slope

T195)Tunnel(Soil cover) Soil cover

T93)Tunnel(Special steel sheet pile jacking method)

T53)Tunnel(Steel arch supports)
T54)Tunnel(Steel arch supports)
T55)Tunnel(Steel arch supports)
(T248) tunnel(steel centre)
T146)Tunnel(Support)
T221)support(timbering)

(
E
(T148)Tunnel(Sprayed concrete(Shotcrete))
(
(
(

T25)Tunnel(Construction equipment-surface installations)

(

(

(

(T125)Tunnel(Survey after completion)
(T123)Tunnel(Surveys before construction)
(T124)Tunnel(Surveys during construction)
(T227)Tunnel(swelling heaving)
(T228)Tunnel(swelling heaving)
(T229)Tunnel(swelling heaving)
(T210)Tunnel(telescopic form)
(T1)The Role of the Tunnel
(T2)The Role of the Tunnel
(T3)The Role of the Tunnel
(T219)Thickness of lining
(T265)tunnel(timbering of heading)
(T51)Tunnel(timbering(support))
(T52)Tunnel(timbering(support))
(T261)tunnel(top heading of tunnel construction)
(T18)Tunnel(Topography-Fault zone)

Special steel sheet pile jacking method

Sprayed concrete(Shotcrete)
Steel arch supports

Steel arch supports

Steel arch supports

steel centre

Support

support(timbering)

surface installations

Survey after completion
Surveys before construction
Surveys during construction
swelling heaving

swelling heaving

swelling heaving

telescopic form

The Role of the Tunnel

The Role of the Tunnel

The Role of the Tunnel
Thickness of lining
timbering of heading
timbering(support)
timbering(support)

top heading of tunnel construction
Topography-Fault zone



(T19)Tunnel(Topography-Folds)
(T20)Tunnel(Topography-Terraces)
(T118)Tunnel(traveling form form)
(T234)Tunnel(traveling form(Mobile formwork))
(T266)tunnel(trolley(Earth transport vehicle))
(T101)Tunnel(Tunnel alignment)
(T196)Tunnel(Tunnel axis direction)
(T137)Tunnel( tunnel boring machine)
(T23)Tunnel(Construction plan-Tunnel design)
(T26)Tunnel(Construction equipment-tunnel equipment)
(T102)Tunnel(Tunnel gradient)

(T103)Tunnel(Tunnel gradient)

(T104)Tunnel(Tunnel gradient)

(T132)Tunnel(tunnel section)

(T100)Tunnel(Tunnel survey)

(T120)Tunnel(Tunnel survey)

(T268)tunnel(tunnel surveying)

(T39)Tunnel(cut)

(T40)Tunnel(cut)

(T95)Tunnel(Downward bolt from the ground)
(T98)Tunnel(Expansive ground)

(T4)Tunnel(investigation)

(T99)Tunnel(Weathered rock zone)

(T250) tunnel(undermining blast method)
T110)Tunnel(Underwater tunnels)

T190)Tunnel(Upper half section advanced construction method)
T136)Tunnel(Upper half section excavation method)
T201)Tunnel(Upper half section ring excavation method)
T260)tunnel(upraise)

T109)Tunnel(Urban tunnels)

T49)Tunnel(ventilation)

T50)Tunnel(ventilation)

T237)Tunnel(wall plate)

T238)Tunnel(Wall plate type support(timbering))

N N N o o m~ ~ ~ o~

Topography-Folds
Topography-Terraces

traveling form form

traveling form(Mobile formwork)
trolley(Earth transport vehicle)

Tunnel alignment

Tunnel axis direction

tunnel boring machine

Tunnel design

tunnel equipment

Tunnel gradient

Tunnel gradient

Tunnel gradient

tunnel section

Tunnel survey

Tunnel survey

tunnel surveying

Tunnel(cut)

Tunnel(cut)

Tunnel(Downward bolt from the ground
Tunnel(Expansive ground)
Tunnel(investigation)
Tunnel(Weathered rock zone)
undermining blast method
Underwater tunnels

Upper half section advanced construction
Upper half section excavation method
Upper half section ring excavation method
upraise

Urban tunnels

ventilation

ventilation

wall plate

Wall plate type support(timbering)



(T154)Tunnel(waterproof - drainage pipes) waterproof - drainage pipes
(T218)Waterproofing sheet Waterproofing sheet
(T257)tunnel(wedging) wedging

(T91)Tunnel(Well point method) Well point method



(T1)The Role of the Tunnel

(T1)The Role of the Tunnel

The Role of the Tunnel
)Railway tunnel
& Road tunnel

@ Waterway tunnel (irrigation/power generation)

2/ Yy g p g

@ Water supply/sewerage tunnel

@ later j §
&Electricity/hydroelectric power generation tunnel

[ = S —

Tunnel entrance stance

B Storage tunnel
1317

shield tunnel immersed tunnel

a4

RS

G1072




(T2)The Role of the Tunnel

The Role of the Tunnel
Gonstruction location
I Mountain tunnels
@ Urban tunnels
@ Undersea tunnels

shield tunnel

(T2) The Role of the Tunnel

EE@ 7

bt

@ Urban tunnels

G1051
Miz20

Tunnel entrance stance

=

—_— —

Mountain tunnels

;L

immersed tunnel

L
-

£ 1w

@ Undersea tunnels

C1317

G1072




(T3)The Role of the Tunnel

The Role of the Tunnel
Construction method

(¥ Mountain tunnel construction method
@ 0Open cut construction method

(T3) The Role of the Tunnel

@ trench method

ifl

=]

| =

V(‘(/K

P

G1072

=1

o

3:

Shield construction method

G1051
N420

® Push-through tunnel construction method
® Caisson tunnel construction method

4

R

M396

E505




(T4)Tunnel(investigation)

(T4) Tunnel (investigation)

Tunne |
Geology
Classification of natural graund

Survey

M Topographical and geological maps
@2Aerial photographs

@ Construction records

@Weather records

BDisaster records

®Literature




(T5)Tunnel(investigation-Landslides)

(T5) Tunnel (investigation-Landstides)

Tunne |
Classification of ground meuntains

Geological Survey: Detailed
Lands| ides

TLands| ides: Movable landslides Ground mountains
where slope disasters are expected

ES




(T6)Tunnel(investigation-soil cover)

(T6) Tunnel (investigation-soil co

Tunne |

Classification of ground mountains
Geological Survey: Detailed Survey

r)

Lands|ides

x\\\\ 6?225""“ soi|l cover
N

@5Small soil cover




(T7)Tunnel(investigation- Fault fracture zone)

(T7) Tunnel (investigation- Fault fracture zone)

Tunnel
Classification of ground mountains
Geological Survey: Detailed Survey

Lands|ides

R\\\h ﬁﬁﬁ ¥ soil cover
!!wf/

\

Facture zone

E5




(T8)Tunnel(investigation- Hydrous-containing unconsolidated soil)

(T8)Tunnel (investigation- Hydrous-containing unconsol idated ground)

Tunne|
Glassification of ground mountains

Detailed Survey

Lands|ides

Geological Survey:
s0il cover

Hydrous—containing unconsol idated ground

AR
I

'%'-"-‘/J




(T9)Tunnel(investigation-Expansive ground)

(T9) Tunnel (investigation-Expansive ground)

Tunnel
Glassification of ground mountains

Geological Survey: Detailed Survey
Lands|ides

soil cover

”ﬂﬁ fiydrous-containing unconsolidated ground

ES




(T10)Tunnel(investigation-High ground pressure, etc)

(T10) Tunnel (investigation-High ground pressure, etc)

®High ground \pressure, hot springs, ground with harmful gases, etc.
o

Tunnel
Classification of ground mountains
Geological Survey: Detailed Survey




(T11)Tunnel(Geology-Expansion)

(T11) Tunnel (Geology-Expansion)

Tunnels
Geology
Tunnels and geology
Geological phenomena
T Expansion

MExpans ion _,,.eers o I

i Mudstone
s Soft clay
Serpentine

AR




(T12)Tunnel(Geology-Groundwater and spring water)

(T12) Tunnel (Geology-Groundwater and spring water)

Tunnel s
Geology

Tunnels and geology @
Geological phenomena :

@ Groundwater and spring water: - 5{ "
risk of leaking into the tunnel and causing uuLYapée;” 5

v v
,
-

Lagrtl
--------

A "u
el

H :___,.--'}-"'_,
RS o




(T13)Tunnel(Geology-Surface water inundation)

(T13) Tunnel (Geology-Surface water inundation)

tunnel
geological fTeatures q;?

Tunnels and geology
Geological phenomena
@)Surface water inundation: case of digging a tunnel on the seabed or riverbed
in case of the geology is poor, the side walls will col lapse

and cause a large amount of water to flow into the tunnel

@ Surface water inundation




(T14)Tunnel(Geology-Geothermal heat)

(T14) Tunnel (Geology-Geothermal heat)

tunne |
gcological features

Tunnels and geology
Geological phenomena
@ Geothermal heat: in case of diggi




(T15)Tunnel(Geology-Spouting of natural gas)

(T15) Tunnel (Geology-Spouting of natural gas)

tunnel
geological features
Tunnels and geology
Geological phenomena
& Spouting of natural gas

AN

goal mine

! &Spouting of natural gas




(T16)Tunnel(Geology-Stress in the ground)

(T16) Tunnel (Geology-Stress in the ground)

tunnel
geological features
Tunnels and geology
Geological phenomena
®Stress in the ground: The lower layer of the ground is

subjected to pressure from the weight of the upper ""fiz :f
Landburst phenomenon e SETEE Ea

)

®)Stress in the ground:

I




(T17)Tunnel(Geology-Movement of ground)

(T17) Tunnel (Geology-Movement of ground

tunne |
geological features
Tunnels and geology
Geological phenomena

#'Movement of ground: Areas wifh landslides amd lands!|ides
Excavation causes a major col lapse due to7a loss of equjitbrium

Y DMovement of ground:




(T18)Tunnel(Topography-Fault zone)

(T18) Tunnel (Topography-Fault zone)

tunnel
geological features

Tunnels and geolog

Topography

@) Fawtt zone: a group of faults that can cause targe earthquakes
at the same time

N
MFault zone %~ %




(T19)Tunnel(Topography-Folds)

(T19) Tunnel (Topography-Folds)

tunne |
genlogical features

Tunnels and geolog
Topograph

@ Folds in case of the rock is compressed |laterally by \
crustal movements before it completely solidifies, it bends into a wavy shape




(T20)Tunnel(Topography-Terraces)

(T20) Tunnel (Topography-Terraces) :

tunnel
geological features
Tunnels and geology
Topography
3 Terraces: Stepped landforms on the shores of rpivers. lakes. and'seas with a thigk layerfof sand

and gpavel on top of bedrock

@ Terraces




(T21)Tunnel(Topography-Cliff: Landslide)

(T21) Tunnel (Topography-Cliff: Landsl ide)

tunne|
geological features
Tunnels and geology
Topography
@ Cliff: Landslide area, valley stream.

rock debris accumulated
at the foot of the cliff due to weathering

@ Gliff: Lands!|ide area




(T22)Tunnel(Topography-Landslide)

(T22) Tunnel (Topography-Lands|ide)

tunnel
geological features
Tunnels and geology
Topography
® Landslide: Land that has moved due to a landslide or landslide in the past




(T23)Tunnel(Topography-design)

(T23) Tunnel (Topography-design)

Tunne|

Construction plan

T Tunnel design

» Support and Coverings (lining)

* Horizontal alignment — Straight line

* Curve radius - Large

» Drainage gradient: 0.3-0.5%

* Undersea tunnel, both entrances, downward gradient
- Width Height: 2m or more

* Tunnel cross section: Construction limit,
cross—sectional area: Strong against earth pressure

* Economical

 Width Height: 2m or more

Ventilation, drainage, and communication equipment:
internal facilities

)

(1) Building limit
Ceiling board
Lighting equipment
Interior materials
Fire detector
Emergency telephone
Fire hydrant box
Facility strip
Shoulder

Side strip

{5

) O © 0

Q@

Road tunnel cross section




(T24)Tunnel(Construction plan-construction method)

(T24) Tunnel (Construction plan-construction method)

Tunne |
Construction plan

@2 Consideration of construction method
Excavation method
Covering(Lining } method

Topography and geology: Matehing

Safe and economical method
arrangement of construction machinery and worker
accommodate changes in geology-—..




(T25)Tunnel(Construction equipment-surface installations)

(T25) Tunnel (Construction equipment-surface installations)

Tunnel
Construction equipment
surface installations
TPower transmission
@Substation equipment
@ Temporary road for construction

® Contaminated wastewater purification equipment
@ Construction office
@ Employee accommodation

@ Compressor installation =
& Repair shop u@
® Batching plant
(7 Explosives storehouse
®
2 [Lon

bl

]




(T26)Tunnel(Construction equipment-tunnel equipment)

(T26) Tunnel (Construction equipment-tunnel equipment)

Tunne|
Gonstruction equipment
@itunne! eguipment
Ventilation method

Facing

Facing Facing
Tunne | e{g; nce Tu{%ﬁl eniranc Tunn{a tran
VLT SSSLS, 22y e O EIIS
EI —= ] EH = ] EI e — E
.. BETT . V777 7 7 ] 7777 7 7 )
Air supply Exhaust Air supply

Air supply type Exhaust type Combined type




(T27)Tunnel(Construction equipment-Electrical equipment)

(T27) Tunnel (Construction equipment-Electrical

Tunne|
Construction equipment
@Electrical equipment
Planning power usage
Power usage (for power and lighting)

Decide the installation capacity and number of transformers for power—using eguipment

.:Ei

1=

WL/ »-_f‘;’;ﬁq:_,}
i I
R T P ]
T - el
r"@ﬂﬂJa-""J_JJJy
"-"-'-._____ e J_u-“'"J__lJ-"-"
— "‘\._,,.l et L
G Fl
® i
Fi1-t

=

@Electrical equipment

T23

equipment)




(T28)Tunnel(Excavation methods)

(T28) Tunnel (Excavation methods)

Tunnels
1) Types of Excavation methods

Full sectligigagﬂpd

ko i rle ok

| // s

(MFull-section excavation method 129

Bench cut method

133

Heading excavation method

130 31 32




(T29)Tunnel(Excavation methods-Full-section excavation method)

(T29) Tunnel (Excavation methods-Full-section excavation method)

Tunnels

MFull-section excavation method

- Excavate the entire section of the tunnel at once

- Good rock base

* No spring water

- The Facing can be kept vertical until the next blast

- Large machinery can be used

* in case of work at the face stops., all work stops

- [t is difficult to take measures in case of the rock quality deteriorates
- a certain amount of cross section is required

* Used for small and medium-sized cross—section tunnels of 30-40m2 or less
- Low adaptability to changes in ground conditions

« It is difficult to change the setup during construction

o

Excavation Coverings fIiWYWWﬁW
.ﬂ ivﬁgﬁﬁﬁﬁﬁ

M2 4 (MFull-section excavation method




(T30)Tunnel(Excavation methods-heading excavation method)

(T30)Tunnel (Excavation methods-heading excavation method)

Tunnels

T Types of excavation methods
2 heading excavation method

Geology - Soft

Tunnel cross section - Excavate in sections

fidvanced excavation section - headingiPilot)

headingi(Pilot) - Investizate geology and spring water conditions
set the center line of the tunnel

Used to bring in materials and remove muck (rubhle)

in case aof installed in the lower half, tao treat spring water
in case of installed in the upper half, to provide ventilatiaon

Twpes of heading(pilot)

(I Bottom headingipilot) - Center hottom

[iij(@? @ Side wall headingipilot) - Both sides of the hottom
@ (rﬂ}{D (Fﬁﬁga @ Top headingipilot) - Center top

@ Center heading(pilot) - Center of cross section

& Parallel headingipilot) - Parallel to the tunnel outside the cross

section




(T31)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)

(T31)Tunnel (Bottom-heading tunnel advanced upper half section excavation method)

Tunnel

Fxcavation method

(1) Bottom-heading tunnel advanced upper half section excavation method
Excavation method

Bottom—heading tunnel advanced

Advantages
» in case of spring water is expected
upper half section excavation method

* Gonfirm geology—Collect groundwater
Ubasvamagscs (I heading(Pilot) tunnel excavation
i - @ Upper half excavation
of muck and transport of concrete & ktoh concrete

@ Lower half excavation

» Competition with removal
~_E$ Side wall concrete

D
e




(T32)Tunnel(Side wall heading(pilot) tunnel advanced upper half section excavation method)

(T32) Tunnel (Side wall heading(pilot) tunnel advanced upper half section excavation method)

Tunne |
Excavation method
@Side wall heading(pilot) tunnel advanced upper half section excavation method
+ S50ft ground tunnel excavation method
- Width 10m - Effective
+ Advance heading(pilot) tunnel
+ After pouring side wall concrete

* Upper half and hack excavation
+ 5ide wall conocrete is used as support ground for upper half support

excavation on both side walls of the tunnel

+ Suitable for soft ground
+ 72 heading(pilot) tunnels - easy ground loosening

« Not economical

(=)




(T33)Tunnel(Excavation method-Bench cut method)

(T33) Tunnel (Excavation method-Bench cut method)

Tunnel
Excavation method
Bench cut method
Short bench cut method

Expansive geology — Quickly cover the entire cross section

: ok
————* \\

i

|

|

|

| @

|

! oy

® 9 M@ Excavation

e

| @@ timbering :support
! | ®Goverings (lining)
Bench cut method




(T34)Tunnel(Excavation method-Ring cut method)

(T34) Tunnel (Excavation method-Ring cut method)

Tunne|

Excavation method
Ring cut method

Bottom heading(pilot) tunnel advance Sidewall| heading tunnel advanced
ring cut method ring cut construction method

Ring cut method




(T35)Tunnel(Large section tunnel excavation method)

Tunnel

(T35) Tunnel (Large section tunnel excavation method)

Excavation method
Large section tunnel excavation method

3K
: Full section method d: Side wall headinglguide)
b: Upper half section method tunnel advance method
¢c: Bottom heading(guide) el Middle wall
tunnel advance method division method

123 - - - Excavation sequence




(T36)Tunnel(Rock drilling)

(T36) Tunnel (Rock drilling)

tunnel

Rock drilling . Z
- Blasting drilling facing (Cutting Zdge)
* Mechanical drilling R —_—
Free-section excavator _ w i
Full Section Excavator (TBM) S A
Manual drilling: unfavorable construction conditions = Qﬁg :}

The ground is unstable ; '

Small Section Drilling e57 77772 4

- Nechanical drilling 1267

- Blasting drilling




(T37)Tunnel(Rock drilling)

(T37) Tunnel (Rock drilling)

tunnel
Rock drilling
M Types of rock drills
+ Jackhammer

@Bit Rod

3Rock drilling jumbo: Collectively referred to as a moving scaffolding for drilling

@Extra drilling: Excessive excavation of the part outside the design
line of the tunnel cover concrete

Drifter: horizontal hole
Drill jumbo: excavate multiple holes
at the same fime upward
—F
[ — | S—] :
===ﬂ£§§$====ﬁﬁ
[ |
= S—r g downward 7138




(T38)Tunnel(Rock drilling)

(T38) Tunnel (Rock drilling)

tunnel

blast

blasting plan

(1) Decide on one blast progress

(2) How to get cut

(3) drill hole arrangement

(4) Types of explosives

(5) Determination of the installing(explosives) amount
)

(6) Spacing of peripheral holes

blasting

T141 1143




(T39)Tunnel(cut)

(T39) Tunnel (cut)

tunnel
blast
cut
(1) V-gut: Wedge cut
®cut
Oside hole
Average hole depth: 1.2 m. hard sandstone

+ It is difficult to apply small-section drillingi,________________ﬁ_'[_:'_'[_:'_f:'_'f"_’_"_ _____________________ .
....j:l ....... :
O O o O
E]
a 0 * &
s o, ® e O
=% O
= e o
O o0 o ©

(1) V-cut: Wedge cut




(T40)Tunnel(cut)

tunnel
hlast

(2) Pyramid cut
®cut
gide hole

(T40]) Tunnel (cut)

fiverage hole depth 1.5m hard quartz diarite

400 0mm
3000mm
“Drilling - Difficult

Exploziaon effect - large

...........

_...3000mn

(2) Pyramid cut

(2) Pyvramid cut




(T41)Tunnel(Burn cut)

Tunnel

Blast
@Burn cut

(T41) Tunnel (Burn cut)

Burn cut method hole boring
* Used for small cross sections

Characteristics

T Horizontal hole: Easy to drill deep drill holes

@)No skill required

3Good drilling efficiency — no hole edges left

@Explosives are saved
®less flying stones — easy to remove debris T . ~

AR

empty boring(hole) WEQQU ,
b Unit: mm

Burn cut method hole boring




(T42)Tunnel(No-cut method)

(T42) Tunnel (No—cut method)

Tunnel
Blast

'y -_— 4
@ No—cut method

Not practical

NN

Vs

oy
o
O A




(T43)Tunnel(Precautions for blasting)

(T43) Tunnel (Precautions for blasting)

Tunnels
Blasting
Precautions for blasting

@ In the case of electrical blasting. be careful of stray and leaking currents

@ In the case of fuse blasting. ensure time for ignition and evacuation

@ in case of blasting. protect the supports and coverings and ensure that workers have evacuated
= ' i . t o f z

@) After blasting. gas remains; unexploded explosives — wait an appropriate amount

of time before approaching the cutting edge
Electrical blasting: &5 minutes or more
Fuse blasting: 15 minutes or more
B Residual explosives: Remove with compressed air and water. sympathetic detonation
& After blasting. carefully remove |loose stones

Before blasting After blasting

Dynamite 2 %V,ﬂﬂ o o o W

T
—————

T

T232




(T44)Tunnel(Loading machines)

(T44) Tunnel (Loading machines)
Tunnels
Muck disposal

Loading machines, Muck transport methods, Transport machines, Muck dumping equipment

@ Classification by power source: Compressed air drive, Electric drive, Diesel engine drive
@ Travel method: Rail type, Crawler type, Wheel type
@

Loading method: Overshot type. Side dump type, Front end type

ILS LR IL R IL S

WWYWWWWN

7,

129




(T45)Tunnel(Muck transport method)

(T45) Tunnel (Muck transport method)

Tunne |

Muck disposal
Muck transport method

Rail type

Tire type

dRail type

Muck trolley connection — towed by locomotive

T Muck trolley
@& Locomotive:
Battery locomotive: needs to be charged

Diese|l locomotive: gas generation. prevents air pollution inside the mine

131




(T46)Tunnel(Muck Handling-Rails and turnouts)

(T46) Tunnel (Muck Handling-Rails and turnouts)

tunne|
Muck Handling

(3) Rails and turnouts

* muck locomotives
= Mobile writing equipment

(3) Rails and turnouts

S-shaped N-type
Lﬁg N

1 e | XX
fﬁ I:g.

T

- Transportation Main Line -
Moving double—track rails R-shapid
Y-shaped

California Switech




(T47)Tunnel(Muck Handling-Tire method)

(T47) Tunnel (Muck Handling-Tire method)

tunnel
muck handling
(2) Tire method
* Use of dump trucks
 muck and discarding — do it consistently
- Good work efficiency
* in case of the geology is poor, if the work space is narrow — unsuitable
 The transportation distance increases as the progress of the cut face progresses.
* The backing of the dump truck becomes longer
- Efficiency - Reduced
- Safety aspect — Bad

Mz 4

129
T44




(T48)Tunnel(Muck Handling-Tire method)

(T48) Tunnel (Muck Handling-Tire method)

tunnel
muck Handl ing
(2) Tire method
Direction change method

(1) Uses a special truck (dumper) that can reverse in both front and rear directions

(2) Use of turntable
* Diesel dump truck is used to ensure exhaust gas wentilation

7, %

Excavation
R E-'-'-\
:.. a0 L -

A

(2)

Use of turntable T44




(T49)Tunnel(ventilation)

(T49) Tunnel (ventilation)

tunnel
ventilatiaon A .
- Under construction e Don't forget your family
blasting - o
muck loading i C1384
Spraying work S #%gg

Internal Combustion Engines — Gases Dust Soot
Matural ly generated — removal of flammable gases, foxic gases,

Safe working environment —-ventilation

and oxygen—-deficient air

Environment First

131




(T50)Tunnel(ventilation)

tunnel

ventilation
- Air supply type

» Exhaust type
» Combinations

Sl 34%i€?3ﬁ

(T50) Tunnel (ventilation)

Facing Fac

TuE%él e;{;gpce

Gl

il 1

I
Air supply

Air supply type

L
Exhaust

Exhaust type

ing : %i Facing
e
xhaust i
I T
b .
Air supply

Combined type
126




(T51)Tunnel(timbering(support))

(T51) Tunnel (timbering (support))

tunnel P, -
: . (1) Concrete spraying
timbering(support)

Construction order of timbering(support) ﬁﬁ%ﬁi::Qﬁﬁm
‘roc i

in case of the ground is good =
@ W h/ If/
(1) Shotcrete G WkE s i
(2) Rock bolt
» in case of the ground conditions are bad

(1) Primary shotcrete @ Shot concrete (thickness 10-15 cm)
(2) Steel timbering(support)

(3) Rock bolt ﬁﬁ§§§i§§§§m
)

(4) Secondary shotcrete @ Lininé)cnﬁﬁreéé (éﬁ%éiﬁéss/fa—ﬁﬂ cm)
rock
Mountain tunnel A G955
Lining concrete
MSide wall: Supports arch and horizontal

earth pressure

o (@Arch section: Supports the ground near the ceiling

'1 @ Inverted part: becomes ring-shaped and becomes firm
“rock bolt €931




(T52)Tunnel(timbering(support))

(T52) Tunnel (timbering (support))

Tunnels
timbering(support)

Wall plate type supporti(timbering)

Types of supports P

1. Pillar-type supports
principal rafter type: Arched section only

» Branch-type

heading (guide) drilling //WéL!g

s
1237

crown cap facing (Cutting edge)

7

timbering of heading 1265

heading pillar




(T53)Tunnel(Steel arch supports)

(T53) Tunnel (Steel arch supports)

Tunnels
Supports
Types of supports
@ Steel arch supports

Grown jointling plate

jointling bolt hole . _

“~Bottom plate

a: Half-section type




(T54)Tunnel(supports)

tunnel
support
Types of support

@st F re
\{S el a uhlsuppu 5 Keli Rid,
b: Full-section type R

(T54) Tunnel (Steel arch supports)

Wal | Plate-.

Inverted Siru:»-"""-;

b: Full-section type




(T55)Tunnel(Steel arch supports)

(T55) Tunnel (Steel arch supports)

tunnel
support
Types of support

@2)Steel arch supports
Measures to prevent settlement of support

Steel support

Steel support

Grooved Steel

Sheet pile

Concrete consolidation

Measures to prevent settlement of support




(T56)Tunnel(Rock Bolt)

(T56) Tunnel (Rock Bolt)

tunnel

Rock Bolt

Rock masses that are likely to fall off WEdgE“““H-.

Tighten it with a rock bolt on the ground N

Rock mass-arching action s
Construction method é:zn_ Noteh
(1) Drop floating stones g

(2) Prompt construction after excavation A

wvolt
%i Bearing Plate
""-;-

nut '“Babel Washer

Wedge shape
Rock Bolt




(T57)Tunnel(Rock Bolt)

(T57) Tunne | (Rock Bolt)

tunnel
Rock Bolt Shell spring
Rock masses that are likely to fall off e
Tighten it with a rock bolt on the ground

Rock mass—arching action

s AN
Construction method plug '""éx

: : Shell,
(1) Drop floating stones *“Eg
(2) Prompt construction after excavation ot

Expansion method Shell - L

Threaded section..

B

nut ...

Expansion method




(T58)Tunnel(Rock Bolt)

(T58) Tunnel (Rock Bolt)

tunnel
Rock Bolt
Rock masses that are likely to fall off
Tighten it with a rock bolt on the ground
Rock mass—arching action

Construction method

(1) Drop floating stones

(2) Prompt construction after excavation
Expansion method ;?< 4




(T59)Tunnel(Shotcrete)

(T59) Tunnel (Shotcrete)

tunnel B
Shotcrete f/fﬁl;éiﬁ
System diagram of the spraying method S SIS /%E1
(1) Dry system diagram
Fine aggregate L Hor se
|Gnarse aggregate |- | sieve |-= | Spraying Machine}—*" nozzle |-~ E%;;ayed surface
fdri ht angle
water pump. 5 3
Tm /
accelerating agent}| ot compressed air Eom—

Gompressor

Feed Water Pump

* Quality: Depends on the skill and ability of the worker

The diresction of the nozzle is at a right angle to the spraying surface
+ The distance between the nozzle and the spraying surface is 1 m




(T60)Tunnel(Shotcrete-Wet system diagram)

(T60) Tunnel (Shotcrete-Wet system diagram)

tunnel

Shotcrete ﬂﬁﬁ;i;§§%

System diagram of the spraying method

T51
(2) Wet system diagram

Fine aggregate |

Sy
| Goarse aggregate |"" PR

Spraying Machine

ol nozzle |5 ;gﬁ;ayad surface

cement e ////
o - : right angle //
e S accelerating agent| .7 .

water i 2 MF # I3

" gompressed air .. ...

Compressor

(2} Wet system diagram
* Qual ity control: Easy
* Not suitable for pumping over long distances

The direction of the nozzle is at a right angle to the spraying surface
+ The distance between the nozzle and the spraying surface is 1 m




(T61)Tunnel(NATM (New Austrian Tunneling Method) )

(T61) Tunnel (NATM (New Austrian Tunneling Method) )

NATM (New Austrian Tunneling Method)

,eShr inkable support
v Concrete spraying

A-A section
wire mesh

i o
. wire mesh /// ﬁ;?//
i;? v .=ﬁr§;?

'“m_ Shrinkable support

“Goncrete spraying

NATM (New Austrian Tunneling Method)




(T62)Tunnel(NATM (New Austrian Tunneling Method) )

(T62) Tunnel (NATM (New Austrian Tunneling Method) )

NATM (New Austrian Tunneling Nethod)
(1) Prevent the generation of excessive soil pressure by allowing deformation of the inside
and void of the tunnel to some extent.
(2) Spraying is carried out at an early stage after excavation
(3) Formation of a bedrock arch around the ftunnel
Utilizing the inherent bearing capacity of the ground
(4) During construction, soil pressure and deformation are measured,
and the ground is monitored.
(5) Secondary Coverings (lining): Future maintenance and water shut-off

Rock Bolt

Shrinkable support
Concrete spraying

A-A section .
wire mesh

“wire mesh 7 ﬁﬁ/

b

¥ o oo

"mﬁhr]nkable support
Concrete spraying




(T63)Tunnel(Coverings (lining))

(T63) Tunnel (Coverings (lining))
tunnel
Coverings (lining)
* Prevention of collapse and spring water
* Ensuring the safety of the ground
(1) Make a structure with good watertightness with |ittle groundwater and spring water
(2) Improve workability such as inspection and maintenance during use
(3) Maintain facilities such as erection, lighting. and ventilation in the tunnel
Unreinforced concrete: 160-210kgf/cm?

Required strength of concrete:

Reinforced concrete: 210-240kgf/om?

Goverings (lining) thickness: 20-40cm

%

i Soi | cover
ar ch i

Goverings (lining) Sidewal |

T16




(T64)Tunnel(Coverings (lining)-shrinkage cracking (strain))

(T64) Tunnel (Coverings (lining)-shrinkage cracking (strain))

tunnel

Coverings (lining)
Causes of shrinkage cracking (strain)

(1) Temperature shrinkage due to a drop in the curing temperature of concrete

(2) Temperature shrinkage due to temperature drop in the tunnel
(3) Drying shrinkage due to decrease in humidity in the tunnel
Coverings (Iining)lﬁiz:zjﬁ
T16
Reinforced concrete warehouse
- new concrete contraction—-restraint
Pld lar \\\ temperature crack
B AMa Aperture WJ } iz \
: RN
&' A x

7 f

& existing concrete
M Temperature shrinkage = Drying shrinkage -

- due to restraint

G326 G1433




(T65)Tunnel(Coverings (lining)-Crack protection)

(T65) Tunnel (Coverings (lining)-Crack protection)

tunnel
§§i| cover

Coverings (lining) arch
Crack prevention Coverings (lining) /7 =
@MCutting edges with shotcrete (reduction of external constraints) Sidewal |
@ Improvement of the quality of concrete (reduction of shrinkage strain, [nvert T16

increase of tensile strength)

@)Setting of crack—inducing joints (crack occurrence control)
Covering: 160-200kgf/em2 unreinforced concrete
Tunnel entrance: Areas with thin soil cover and soft geology: Reinforced concrete

Cpt—off plate

i

hmﬁfatked joint

LEZG




(T66)Tunnel(Shape of the Coverings (lining))

(T66) Tunnel (Shape of the Coverings (lining))

tunnel

Shape of the Coverings (lining)
Cross—-sectional shape according to geology
Soft geology — invert

Cross—sectional — closed cross—section




(T67)Tunnel(Enlarged sidewall concrete)

(T67) Tunnel (Enlarged sidewal |l concrete)

tunnel
Shape of the Coverings (lining)

Enlarged sidewal | concrete

Mear the Tunnel entrance
Soil Gover — Shallow Pressure — Enlarged sidewall concrete

Upper embankment
Enlarged sidewall concrete

A8
- a 'l sidewall concrete

Lo
.

Inverted Concrete

Enlarged sidewall concrete

C1061




(T68)Tunnel(Shape of the cover)

(T68) Tunnel (Shape of the cover)

tunnel
Shape of the cover
Design Thickness Standards

Width of the inner cross-section (m) [Design thickness of concrete coverings (lining) (cm)
i 20— 30
5 30— 50
10 40—70

arch

Invert

%

Soil cover

Sidewal |l

T16




(T69)Tunnel(coverings (lining))

(T69) Tunnel (coverings (lining))

tunnel
The order of construction of the coverings (lining)

case of steel arch support is used for supporting

(1) After placing the arch and side wall. the invert is placed
(?2) place the arch first. and while excavating, place the side wall and then place the invert

{(3) The side wall is placed first., and the invert is placed on it after the arch is placed

(4) Cast all cross—-sections at once

S0il cover

arch

Sidewal |

Invert T16




(T70)Tunnel(coverings (lining)-formwork)

(T70) Tunnel (coverings (lining)-formwork)

tunne |
cover formwork
* Mobile formwork
» Prefabricated formwork

* Goncrete placing for covering: Presser with concrete pump and agitator
« Slump 12-18cm

* Gongrete: high temperature. drying. 1 hour

Low temperature wet — 2 hours

Goncrete placing




(T71)Tunnel(coverings (lining)-Concrete placing)

(T71) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings (lining)

piston
Goncrete placing pump-type <
Placing Machinery

pneumatically pumped

Placer with agitator

Concrete placing

y S S A T (OIS IIIIIS

T T A A,




(T72)Tunnel(coverings (lining)-Concrete placing)

(T72) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings {(lining)
Precautions in case of placing concrete

(1)Prevention of segregation : Embedding the discharge port in concrete
Concrete placement

Concrete injection

input HE\me T\
)

58 59 po' 08 ¢9El

08 0IEL 05 Pa

0 00000 LS

P S oPF N2

G1211

Concrete placing




(T73)Tunnel(coverings (lining)-Concrete placing)

(T73)Tunnel{coverings (lining)-Concrete placing)

tunnel
coverings (lining)
Precautions in case of placing concrete
(2)1Cast while maintaining the same height on the left and rizht sides
so that uneven pressure is not applied to the formwork.

Concrete injectiaon Cancrete placement

@N same height
.: {;}o g} -::D {'}o I*::C'
4 ﬂ{}{}%{}{;a{}(}{o}ﬂ{}{b%l
E O ~OGD T, hEE
. PEF RS 00

C1211

Goncrete placing 0 B




(T74)Tunnel(coverings (lining)-Concrete placing)

(T74) Tunnel (coverings (lining)-Concrete placing)

tunne|
coverings (lining)
Precautions in case of placing concrete
@ Concrete: Workability, plastic concrete
Construction to cover the arch and overhanging areas

== 2

Concrete placement Consistency
Workabil ity
G725 G893
@ﬂ |
%5%5;@%.@5{"’:@& same height |
o Modo O ':3;}".;;. TRy
o M0G0 ol | el
Pe SoB 62

Concrete placing




(T75)Tunnel(coverings (lining)-Concrete placing)

(T75) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings (lining)
Precautions in case of placing concrete
@in case of spring water is, use appropriate drainage treatment
and place high—-quality concrete

i ]
. springjwater

drainage treatment

i it
P

Concrete placing




(T76)Tunnel(coverings (lining)-Concrete placing)

(T76) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings (lining)

Precautions in case of placing concrete
HPlace concrete quickly after mixing
Place one section continuously

Place one section continuously

Concrete placing




(T77)Tunnel(coverings (lining)-Concrete placing)

(T77) Tunnel (coverings (lining)-Concrete placing)

tunnel
goverings (lining)
Precautions in case of placing concrete
& check the design thickness of the concrete

Stability of the thickness of the concrete
Keep a measurement record !

Goncrete placing




(T78)Tunnel(coverings (lining)-Concrete placing)

(T78) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings (lining)
Precautions in case of placing concrete
(7) Construction of joints between reverse arch concrete and side wall concrete

¥

Arch Concrete

7. After hardening, fill with mortar or concrete

Concrete placing




(T79)Tunnel(coverings (lining)-Concrete placing)

(T79) Tunnel (coverings (lining)-Concrete placing)

tunnel
coverings (lining)
Precautions in case of placing concrete

(8) Concrete payment line
|

A: Winimum winding thickness: Goncrete completely inside the |ine
B: Payment line: The |ine subject to construction cost payment

C: Design coverings (lining) thickness: Rocks and iron materials
may be placed between |ines A and C, but do not enter wood., etec.

Concrete placing




(T80)Tunnel(Grouting)

(T80) Tunnel (Grouting)
tunne |
Grouting
coverings (lining): There is an air gap between the arch crown and the ground
injection: do it early
Pressure Tunnel: Backing Injection

Injection is based on the injection material. the machine used. and the injection pressure.
The condition of the ground behind $electing the appropriate one according to

the construction conditions of injection
2y T
\Gruut g Grout mixer
i .
i | ] Grouting
O 3 gap
528 i i




(T81)Tunnel(Grouting)

(T81) Tunnel (Grouting)

Tunnels ,

. Grouting
Grouting - gap
Injection material: MWortar sl
No segregation
Minimal settling and minimal volumetric shrinkage o T80
Injection material strength: 10kgf/cm? ) i

I
Mbrilling @ 1Injection @ Removal of injection pin

: . . : : and injection nozzle
Injection pin / Injection nozzle

&
o

7

b
o

%;).r
L]
=
2@}:
o

H
ﬁ
o

i

‘Q:P@,_cb

ocrack

] s / ] L o] e

Gracks — grouting material — outflow C1500




(T82)Tunnel(Grouting)

(T82) Tunnel (Grouting)

Tunnel
Grouting
Injection machine: Grout mixer + grout pump combination
Goncrete mixer and concrete pump
Install a device to measure injection pressure (pressure gauge) of 1kegf/ocm2 or more

LIS SIS IS IS SIS IS IS 2
Grout pump

Grout mixer

- Grouting




(T83)Tunnel(Grouting (injection mix proportion) )

(T83) Tunnel (Grouting (injection mix proportion) )

Tunnels
Grouting
Example of injection mix proportion
D 2 3 @ ® ® @ ®
(s) (%) (ke) (ke) (ke) (ke) ®) | (kat/on2)
255 x5 150 185 a00 3. 45 130 10

IO Flow time (s)
& Air volume (%) —

@ Cement (kg) é}

@ Water (kg)
® Fine aggregate (kg)

& Foaming agent (kg)
@ Water-cement ratio (%)

@& Design strength




(T84)Tunnel(Grouting (injection pipe))

(T84) Tunnel (Grouting (injection pipe) )

Tunne|
Grouting
Example of injection pipe layout

| 2.00-5.00m i ~ | =

.......................................................




(T85)Tunnel(Grouting (injection pipe))

(T85) Tunnel (Grouting (injection pipe) )

Tunnel
Grouting
Example of injection pipe structure

Excessive excavation is adjusted with vinyl pipe =
L
4 ! +
'G‘ﬁ ! l _____________________________________________________________________________ W
| o A
o 1 o -
| sl 1| S %o a: =
pso e I s ) o i Q
ik o l¥ . = i = =
o | A ) =
a i o o=t
esie . = —
e | el
| | ] | =i
Black gas pipe outer diameter 60.5 | = =
Thickness 3 8 with socket = s ! = G
| =
a E : o ! - o i i E
T L I o =i 5
e T | | S el = =
+ e RS ETR A i Sl
] | & @
. = "
| g &
. = W
| 5 02
: s
= 1]
=

—— Example of injection pipe structure
(Unit: mm)




(T86)Tunnel(Special methods)

(T86) Tunnel (Special methods)

Tunnels
Special methods
Rock bolts, sprayed concrete, steel supports
injection methods: improving ground conditions

unconsolidated: cutting edge does not stand up
and excavation is difficult

poor adhesion of sprayed concrete

Drainage methods,

Fault fracture zones,
In the case of a lot of spring water, cutting edge collapses,

Rock bolts do not settle
Injection methods, pipe roof methods: ground reinforcement

ispring water
' facing collapses

poor adhesion of sprayed concrete and rock bolt

147




(T87)Tunnel(facing stabilization measures-Measures against ground settlement)

(T87) Tunnel (facing stabilization measures-Measures against ground settlement)

Tunnels
Special methods
« facing stabilization measures
Drainage boring., drainage tunnel. well point, deep well. GCompressed air method
injection method, pipe roof method, special steel sheet pile jacking method, freezing method
* Measures against ground settlement
Injection method, cutoff wall method, pipe roof method, special steel
freezing method

sheet pile jacking method

ispring water
facing col lapses

poor adhesion of sprayed concrete and rock holt

i N

(T

T I
faulng stabilization measures T47

* Measures against ground settlement E 86




(T88)Tunnel(Injection method)

(T88) Tunnel (Injection method)

Tunnel
Injection method
» Solidify liguids such as cement milk and sodium silicate in the ground
* Reduce spring water in the tunnel
» Injection pressure — in case of too high. it will damage the ground and surrounding structures
+ At the end of injection. during injection work. check the amount of spring water in each hole.
the amount of injection. the change in injection pressure. and the change

Gonfirm the injection effect
* Injection from the surface
« Injection from inside the mine

" Injection
: Reduce spring water




(T89)Tunnel(Freezing method)

(T89) Tunnel (Freezing method)

Tunnel
Freezing method

* Freeze loose water—bearing layers to stop spring water
[ncrease mechanical strength

Earth pressure, water pressure \\\& e ﬁ//

DA




(T90)Tunnel(Drainage boring)

(T90) Tunnel (Drainage boring)

Tunnel

Drainage boring
* Method of lowering water pressure and groundwater level
* brainage tunnel
 in gase of there is a |large amount of spring water
Advance a smal |-section tunnel to drain the water in advance
» Use in conjunction with drainage boring
tunnel can be used as an investigation tunnel or detour tunnel
* in case of a pressurized aguifer with a large amount of spring water is widespread,
a drainage tunnel is necessary

L~
/ e

Drainage boring

| Drainage tunnel

Orainage horing




(T91)Tunnel(Well point method)

(T91) Tunnel (Well point method)

Tunne |
Well point method
Installing a water collection pipe in the ground
Applying negative pressure to the ground to suck up groundwater
Lowering groundwater - 5-8m
Gonstruction inside the tunnel: Advance the upper half

in case of the soil cover is small: Construction from above ground

pressure water drainage pump

Vacuum pump
L pump

N

Wgl! point

Well point method E149




(T92)Tunnel(Pipe roof methods)

(T92) Tunnel (Pipe roof methods)

Tunnels
Pipe roof methods
Boring is performed outside the excavation section

Injecting inside and outside the pipe to reinforce the outside of the excavation section
Reinforcing unstable ground such as talus and fault fracture zones

Preventing loosening of the facing
Stabilizing measures for the facing

PO

oo

T o O
P
a o
<@ o
OOQ

« Pipe roof

Pipe roof methods




(T93)Tunnel(Special steel sheet pile jacking method)

(T93 ) Tunnel (Special steel sheet pile jacking method)

Tunnel =
special steel sheet pile jacking method

facing (cutting edge) front - Ground reinforcement - Loosening prevention -

Cutting edge stahilization measures
special ly processed steel sheet pile - Jack - Horizontal press-in

aaaaaa

,,,,,,,, e steel sheet pile




(T94)Tunnel(Barrier wall method)

(T94) Tunnel (Barrier wall method)

Tunnels

Barrier wall method
Installing a barrier wall on both sides (one side) of the tunnel to limit the range of
loosening ground caused by tunnel excavation

Preventing ground Settlement from reaching the outside of the barrier wall

Continuous underground wall method, steel pipe, H-shaped steel, steel sheet pile

i~. Barrier wall method

steel sheet pile

& Gontinuous underground wall method, steel pipe, H-shaped steel,




(T95)Tunnel(Downward bolt from the ground)

(T95) Tunne | (Downward bolt from the ground)

Tunne|
Downward bolt from the ground
* Rock bolts are installed almost vertically from the ground
* Prevents pre—-Settlement
* Prevents |loosening

ground
/ \\\\\ﬁi\\
PSP SN N P Rock bolts
Pl SR * Prevents pre-Settlement loosening

. .
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(T96)Tunnel(Deep well method)

(T96) Tunnel (Deep wel |l method)

Deep wel| method

Dig a deep well from the ground surface and drain the water with a submersible pump

» External diameter: 300 mm

+ S5et at regular intervals

Diameter 1.0m over

drﬂinage

Ground surface Lo S et
A, A sasas RS
Fllter.T?firlal“u~ Groundwater level decline U
- __.-:!'--- i
strainer pipe ~-\fo.. - E::::::::??;L : P
""""""" g Tiij/ﬁ §
underwater pump 3§ :,;// e
ecep well .. ii; ii; o D%§§?W?1J

- ;;fi- SIS {

E6O8




(T97)Tunnel(Investigations during construction)

(T97) Tunnel (Investigations during construction)

Tunnels
Investigations during construction
» Ground bearing capacity, magnitude of earth pressure, uneven pressure, weathering
and water absorption changes. ground swelling., load on supports
- Methods of measuring earth pressure
MMethod using an earth pressure gauge
@Measurement of strain on supports and coverings

Back-calculating the applied load from the strain value
@ Method using a lpad gauge 2

Load P (N)

l Amount of deformation = Al .

e R i
° Elastic modulus E = stress/strain
| (original length) E=0/ & , : 869
TR E=P/AN/mm2) /(A I/1)=P - 1)/(A- Al)

i i _'ﬁFEééUFé”EéUEé """""""""

T Grnss sectlnnal o “Jx““”” iMeasurement of stra|n

: load gauge




(T98)Tunnel(Expansive ground - Weathered rock zone)

(T98) Tunnel (Expansive ground - Weathered rock zone)

Tunnels
Expansive ground

* Large earth pressure Trom the top.

side walls, and base
 Around the cutting edge, do not

loosen the ground in front
* Close the entire cross section of the

;support and covering work early
- Significant extrusion

into the interior of the excavation section
- Earth pressure acts on the :support and covering work

Expansive ground.” .

G, Ear i fressure




(T99)Tunnel(Weathered rock zone)

(T99) Tunnel (Weathered rock zone)

Tunne ls
Weathered rock zone

+ in case of the unconsolidated or low-consolidated ground in the crushed zone
is at the groundwater level

» Accompanied by spring water. ground runoff., collapse. and weakening of the tunnel base
* Unconsolidated sandy soil: The cutting edge is less self-supporting

* Water—containing unconsol idated sandy soil: The ground is prone to fluidization

Weathered rook. -fore” -~ 7

iﬁgréuﬁdirﬁﬂﬁffffﬂﬁ}fﬁﬁﬁé;fand weakening




(T100)Tunnel(Tunnel survey)

(T100) Tunnel (Tunnel survey)
Tunnel

Tunnel surveys and associated Tacilities
Tunnel survey

Selection of tunnel location

Design, construction. and post-completion maintenance
Geological surveys: important

Tunnel construction locations: mountain tunnels. urban tunnels.

underwater tunnels

AT A

urban tunnels mountain tunnels

T3

underwater tunnels




(T101)Tunnel(Tunnel alignment)

(T101) Tunnel (Tunnel alignment) @
Tunnel s
Tunnel alignment i
<

Gonstruction surface Ventilation Traffic safety
Straight lines Large semicircular curves

T8

hich is better?

T




(T102)Tunnel(Tunnel gradient)

(T102) Tunnel (Tunnel gradient)

Tunne |
Tunne!l gradient
During construction. drainage after completion is planed
MMountain tunnel: 0.1-0.5% gradient toward the outside
Vertical tunnel
Main tunnel

Vertical tunnel
.

________________

gt | g
W Main tunnel

Mountain tunnel




(T103)Tunnel(Tunnel gradient)

(T103) Tunnel (Tunnel gradient)

Tunne |
Tunnel gradient

During construction, drainage after completion is planed
as horizontal as possible

@Urban tunnel: Drainage is planed,
Underground piping eguipment

— —

i

<

urban tunnels

L+

i

‘Undergrnund piping equipment

horizontal




(T104)Tunnel(Tunnel gradient)

Tunnel

(T104) Tunnel (Tunnel gradient)

Tunnel gradient

During construction. drainage after completion is planed

@ Underwater tunnel
Downward gradient toward the center

@ Underwater tunnel




(T105)Tunnel(Cross-sectional shape of the tunnel)

(T105) Tunnel (Cross-sectional

tunne |
Cross—-sectional shape of the tunnel

* Purpose of use: Construction method

shape of the tunnel)

{T)Horseshoe type: Advanced heading method, upper half-section construction method

Construct for the arch part, the remaining moat, etec.

| T Invert

THorseshoe type

S{dewall




(T106)Tunnel(Cross-sectional shape of the tunnel)

(T106) Tunnel (Cross-sectional shape of the tunnel)

tunne|
Cross—sectional shape of the tunnel

* Purpose of use: Construetion method
@ Circular type

Full-seetion drilling method

/ et

Excavation Coverings (imwwmm\w

M7 4 Ful l-section excavation method




(T107)Tunnel(Cross-sectional shape of the tunnel)

(T107) Tunnel (Cross—sectional shape of the tunnel)

Tunnel
Cross—-sectional shape of tunnel Open cutting method
Purpose of use Gonstruction method
@ Square type 77 72 i

Upen-cut method
trench method

Square type

SRS

E503
trench method

5

immersed tunnel

: =7
t%[ﬂ SEIMAHFE -_yE

TP TR TN =

F125




(T108)Tunnel(Mountain tunnels)

(T108) Tunnel (Mountain tunnels)

Tunnel
Tunnel construction plans
Mountain tunnels

+ At high altitudes: Longer tunnels — Shorter tunnels
* Match to the shape and topography of the roads(connect to)

17




(T109)Tunnel(Urban tunnels)

(T109) Tunnel (Urban tunnels)

Tunnels

Tunne! construction plans
Urban tunnels

Measures to avoid impacting existing structures

(traffic. various underground facilities. building foundations)

E_LP.Undergruund piping equipment
kN

urban tunnels




(T110)Tunnel(Underwater tunnels)

(T110) Tunnel (Underwater tunnels)

Tunnels
Tunnel construction plans
Underwater tunnels
Standholes (for transporting soil and materials) cannot be installed midway through the tunnel
immersed tunnel{trenech tunnel)}: Care must be taken to prevent scouring and settlement
Immersed tunnel
Subiicrgad by Erane Bl eaer immersed tunnel (trench tunnel)

== ' (5
tzmz el . e s i, ARG ey

'.'I'f'.'.'.ﬂ.".' w7 . : i

J |
__ 0

777




(T111)Tunnel(Full cross-section excavation method)

(T111) Tunnel (Full cross-section excavation method)

Tunnels
Tunnel construction methods - Excavation machine costs (production,
MFull cross-section excavation method transportation, assembly) — High
Suitable for hard rock *Used for long tunnels
+ Uses tunnel boring machines - To stabilize the soil and groundwater
* High safety at the cutting edge (excavation surface)
- Fast driving speed Shield machine with a shield at the front
+ Support and miscel laneous labor costs - Savings of the machine and pressurized with air

Circular type

if/ .f 2

Excavation Coverings (i

-_--‘

Ful |-section excavation method T106




(T112)Tunnel(Shield construction method)

(T112) Tunnel (Shield construction method)

Tunnels

Tunnel construction methods

@Shield method

* Cylindrical outer shell thrust

- Shield thrust — Covering work — Backfill injection
- Straight line, large semicircular curve

*Air pressure shield method

* Muddy water pressure shield method

- Earth pressure balance shield method

F127




(T113)Tunnel(Bench cut method)

(T113) Tunnel (Bench cut method)

Tunnels

Tunne! construction methods
3Bench cut method

* Geology that allows the excavation surface to be kept vertical
A method in which the upper layer is excavated first, and then a larger excavation is carried out

OO O

— N

rings (lining) Excavation

|
Bench cut methol

1
1
|
T




(T114)Tunnel(Advance heading(Pilot) tunnel excavation method)

(T114) Tunnel (Advance heading(Pilot) tunnel excavation method)

Tunnels
Tunnel construction methods
@ Advance heading(Pilot) tunnel excavation method

« Start by digging a small heading(Pilot - guiding) first,
and then dig a wider tunnel (main tunnel) at the rear

While conducting geological surveys and determining the direction of travel
Digging a tunnel at the rear (main method)

@ Advance heading(Pilot) tunnel excavation method




(T115)Tunnel(Open cut method)

(T115) Tunnel (Open cut method)

Tunne ls

Tunnel construction methods
® Open cut method
» Box-shaped cross—-section tunnel in a shallow area

* Low construction costs and short construction period

Open cutting method

Backfill surface Open cutting method
///////is/’c{u/n:/t(rg(// E}// W&Q
Sheet piles

Structures

Earth retaining s

SO

7

(1 Open cut method using hare excavation @ Section open cut method




(T116)Tunnel(immersed tunnel(trench tunnel))

(T116) Tunnel (immersed tunnel (trench tunnel))

Tunnels
Tunne!l construction methods

& immersed tunnel(trench tunnel)
* Both ends of the tunnel element fabricated in a logation other
than the tunnel installation site (on land., dry dock) are closed

» Submerge in a dredged trench (ditech) and connect underwater
» Backfill|l to construct an underwater tunnel

Immersed tunnel

: immersed tunnel (trench tunnel)
Submerged by crane girder -

- // |
r z

Al

v

Sl

L
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(T117)Tunnel(Assembled formwork)

(T117) Tunnel (Assembled formwork)

Tunnels

Tunne!l construction methods
d) Assembled formwork

+ Survey and install in the correct position
* During the covering work. install 2-5cm higher (raised) taking into

account the amount of settlement of the formwork

assembly support

bernold seat . concrete

steel arch shoring

bernuld seat
pruv|3|una| volume

/////////// /////////

&’MWWMW e e )
e | S

e |

G1145




(T118)Tunnel(traveling form form)

(T118) Tunnel (traveling form form)

Tunnels
Tunnel construction methods
@ traveling form
Steel arch center
Integrated metal form
Assembled on rails and made movable




(T119)Tunnel(NATM (New Austrian Tunneling Method)

(T1191Tunnel (NATM (MNew Austrian Tunneling Method]

Tunnels
Tunnel construction methods

ONATH (New fustrian Tunneling Method)
* Gpray concrete immediately after excavation

* Prevent gzround col lapse
*[Drive in rock holts
- Stabilize ground
Rock bolts fixed

fi-f section

wire mesh
AR
T v

“. shrinkable support
Gomoretespraving

HATH (Mew fustrian Tunneling Method)

TH1




(T120)Tunnel(Tunnel survey)

(T120) Tunnel (Tunnel survey)

Tunnels
Tunnel survey
@0utline survey
@Detailed survey
3Pre-construction survey

@Survey during construction
B Survey after completion

T10

shield tunnel immersed tunnel

2 Tunnel entrance stance

o

420 61072 C1317




(T121)Tunnel(Outline survey)

(T121) Tunnel (Qutline survey)

Tunnels

Tunne!l survey
T)0ut!line survey
D 0ut

- o

S

* Existing materials
 Field survey
* Boring survey
+ Elastic wave exploration (topography.

geclogy. structure. |ithology. groundwater)
* Weather J
* Environment !

* Boring survey

« Underground resources Ez2

* Ruins
* Final route decision




(T122)Tunnel(Detailed survey)

(T122) Tunnel (Detailed survey)

Tunnels

Tunnel survey

@ Detailed survey @
» Detailed design T

* Gonstruction materials g 8k
 Electrical exploratiaon £t 0 2

- Elastic exploration . G s 2o
 Boring survey N ﬁ”ﬁf}xﬁ_—___xxhxxaﬂhhm

 Exploratory tunne

» Boring surveys I..
\\ + Geological surv&ig

aaaaaaaaaa

ffffffff

* « Exploratory tunnel survey

712




(T123)Tunnel(Surveys before construction)

(T123)Tunnel (Surveys before construction)

Tunnels
Tunne!l survevs
@ Survevs hefore constructiaon
*Plants and animal movement patterns

* Road for transporting materials
*Facilities

*Ventilation

* Pot location

*S0il dumping ares
* Compensat Letm™71 s5ues
* SuryevE on related laws and regulations

* Road far Ttreperting naterials




(T124)Tunnel(Surveys during construction)

(T124) Tunnel (Surveys during construction)

Tunnels
Tunnel surveys

@ Surveys during construction
+ Spring water surveys
- Advanced heading surveys o e el
- Geological surveys S S A S
- Boring surveys 3 Co

- Boring surveys

il

- Geological surveys s

,,,,,,,,,

112




(T125)Tunnel(Survey after completion)

(T125) Tunnel (Survey after completion)

Tunnel

Tunnel survey

B Survey after completion

* Traffic flow

- Stagnation situation

- ¥entilation inside the tunnel
- Maintenance survey

Traffiec flow

ntenance

» Ma

Vertilation

F122




(T126)Tunnel(alignment)

(T126) Tunnel (al ignment)

Tunnel
Design

Mal ignment @
» Construction Ventilation Traffic safety: i _

As straight as possible HE g ;
Radius: Large curve e




(T127)Tunnel(Slope)

(T127) Tunnel (Slope)

Tunnel
Design
2 S| ope
 During construction, consider drainage after completion

M Mountain tunnel: 0.1-0.5% downward slope toward the entrance/exit

@Urban tunnel: As horizontal as possible
@3Undersea tunnel: downward slope toward the center

F122

@Urban tunnel

Lical tunnel

FUnderwater tunnel

1104




(T128)Tunnel(Cross-sectional shape)

(T128) Tunnel (Cross—sectional shape)

Tunne |
Design TR

@ Gross—-sectional shape

* Purpose of use: Determined from T T

E505
mechanical construction aspects
Deciding cross-sectional shape track clearance(clearance |limit): Rectangle
Situation/construction method
Deciding cross—sectional shape

Earth pressure/water pressure: Gircle
Excavation method: Gircle/horseshoe

Cut-and-cover method/immersed tunnel 166
(trench tunnel): Rectangle Earth pressure/water pressure: Gircle
In reality: Horseshoe shapes are common

1l

£ ImmI=
G i -
immersed tunnel (trench tunnel) c1072 T66 166

Excavation method: Gircle/horseshoe




(T129)Tunnel(Ancillary facilities)

(T129) Tunnel (Ancillary facilities)

Tunnel
Ancillary facilities
M Inner tunnel facilities
Lighting
During construction: Floodlights/light bulbs

After completion: Sodium lamps
Drainage facilities

Building limit
Ceiling board
Lighting equipment
Interior materials
Fire detector
Emergency telephone

Fire hydrant box
Facility strip

EICRCISICICICRSEEIS

Shoulder
Side strip
0  Roadway

Road tunnel cross section

M lInner tunnel facilities

123




(T130)Tunnel(Ancillary facilities)

Tunnel
Ancillary facilities
@2 0utside mine facilities
Management facilities
Electrical eguipment
Water supply and drainage facilities
Ventilation facilities

Concrete equipment
Warehouse

Ui

Facilities such as rubble (muck) dumps

@0utside mine facilities

(T130) Tunnel (Ancillary facilities)

125




(T131)Tunnel(Excavation method)

Tunne|
Excavation method

(T131) Tunnel (Excavation method)

R W
u -
E5- sl = _

Shield construction method L______

N

Excavation

127

S

(MFull-section excavation method Full section excavation method T29




(T132)Tunnel(tunnel section)

(T132) Tunnel (tunnel section)

Tunnel

Excavation method
Name of tunnel section

Arch concrete

G

Jpper half

Soil cover

Arch concrete

Coverings (lining) - | S0 PR Side wall concrete

Lower half

[nvert

113




(T133)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)

(T133) Tunnel (Bottom-heading tunnel advanced upper half section excavation method)

tunne |
Drilling method

Gonstruction seguence
(M)Bottom—heading tunnel advanced upper half section excavation method

lining method: After covering the arch part first

Reverse inverted
Excavation method

Sidewal | concrete pouring

Main inverted lining method: Goncrete is poured fTirst :
g p Bottom—heading tunnel advanced
half section excavation method

on the side walls
upper
tunne! excavation

heading(Pilot)
Upper half excavation
Arch concrete

Lower half excavation
Side wall concrete

Arch covering

@ & @ O




(T134)Tunnel(Advanced low heading-installation conduction)

tunnel

(T134) Tunnel (Advanced low heading—installation conduction)

Drilling method

Gonstruction seguence
@ Advanced low heading—installation conduction

H(ph rol |-up

@

@ Advanced low heading—installation conduction

T132




(T135)Tunnel(Side wall heading(guide) tunnel advance)

(T135) Tunnel (Side wall heading (guide) tunnel advance)

Tunne |
Excavation method
Construction sequence
@ Side wall heading(guide) tunnel advance
Ring cut method

) Placing concrete for side walls

+ Arch roll-up

@ Side wall heading(guide) tunnel advance




(T136)Tunnel(Upper half section excavation method)

(T136) Tunnel (Upper half section excavation method)

Tunne |
Excavation method
Gonstruction seguence
Upper half section excavation method

« Full section excavation is impossible
* Geology that al lows the excavation surface to be kept vertical

Footing concrete

Placing concrete using the reverse placing method

Upper half section excavation method




(T137)Tunnel( tunnel boring machine)

(T137) Tunnel ( tunnel boring machine)

Tunne |

Excavation method
» Good rock base

Hard Geology

» Uses tunnel boring machine
(T)Safety —Good

(@ Advancement speed -Fast

@ Cost of support and covering -Savings
@Large machine —Excavation possible., good work efficiency

& The construction method cannot be changed due to changes in the geology
®The cost of excavation machine (manufacturing, transportation., maintenance costs) is high

tunnel boring machine




(T138)Tunnel( Blast work)

(T138) Tunnel ( Blast work)

@ Drifter: horizontal hole

Tunne |
Excavation method - T e
=" 17
Blast work ' ' =

M in case of the geology is rock, excavation is done by blasting

@) Rock drill — explosives loaded
@ Hole length 1-2m, diameter about 45mm
@ There are various rock drills depending on the purpose
@ Drill jumbo can excavate multiple holes at the same time.
which is good for construction efficiency
T (D
 — Y R 1) ]
 — Tl Y

= = @ Drill jumbo: excavate multiple hole

= at the same time

ex
i il

% 3 downward




(T139)Tunnel(Blasting work)

(T139) Tunnel (Blasting work)

Tunnel

Excavation method
Blasting work

=

1) Blasting: Amount of explosives. direction of hole
@ Electric detonator
@ Blasting drill

Free surface




(T140)Tunnel(Blasting work)

(T140) Tunnel (Blasting work)

Tunnel

Excavation method
Blasting work

@ Blasting. free surface: more efficient

Core cut and sweeping:. The center of the facing is blown up first to increase the free surface
Sweeping and blasting: The surrounding area is blown up after a delay of 0.01-0.5 seconds

-+ (I
‘. @ Care cut
'ﬂf ;ﬂWWWMMI \
e @ Sweepﬂhg

Core cut and sweeping:




(T141)Tunnel(Blasting work)

(T141) Tunnel (Blasting work)

Tunnel

Excavation method

Blasting work
@ Blasting, free surface: more efficient

Effective method for narrow cutting edges

: Charge
;a;HMHMHMI

Yacancy

Sl ;
- ﬂx% Free surface

e : - Inserted with a wooden stick
”fﬁMNMWMh _ ' |

Create a hole that is not loaded with explosives to make it a free surface




(T142)Tunnel(Explosives: Gunpowder, explosives)

(T142) Tunnel (Explosives: Gunpowder, explosives)

Tunnel
Explosives: Gunpowder. explosives

- Explodes in case of detonated by a detonator
Tunnel
Gunpowder

* Gunpowder explodes easily, has low explosive power
- fuse core

- Fuse, black powder, burns at 50cm/min

Tunnel

Explosives
M Explosives are difficult to explode. ignited and detonated using a detonator

@Dynamite is used as explosives
- Mixed dynamite

» Colloidal dynamite

- Powdered dynamite

« ANFO explosives

Tunne |
Dynamite

MNitroglycerin




(T143)Tunnel(Explosives: Gunpowder, explosives)

(T143) Tunnel (Explosives: Gunpowder, explosives)

Tunnel

Explosion
Ghar ge

M) Garefully push the explosives into the back of the blast hole one by one with a wooden stick

& Load the main dynamite at the front and fill with clay to the same length as the dynamite
facing stabilization measures:
Fuse explosion

Fuses should be the same length

I ot
T e e .-
,,,,,,,,, ST Disposable fuse




(T144)Tunnel(Explosives: Gunpowder, explosives)

(T144) Tunnel (Explosives: Gunpowder, explosives)

Tunnel
lgnition
I After thoroughly checking safety
Use an industrial detonator to ensure ignition
@2 Use a discarded fuse to check the ignition time

@ Always perform a continuity test on electric detonators
Pay close attention to unexploded explosives

____________________________

facing stabilization measures:

Conductivity is good




(T145)Tunnel(Tunnel excavation soil treatment(Muck disposal))

soi|l treatment (Muck disposal))

(T145) Tunnel (Tunnel excavation

Tunne|
Tunne!| excavation soil treatment(Muck disposal)

* Transport outside the tunnel

* Lloading. transporting. dumping soil
M Loading: Mechanical excavation
@ Transportation: Dump truck, tire type
Trolley: Track type
MTire type: Short tunnel
@ Tire type: Exhaust gas.

@Tire type: Soil dump site — direct transport
Track type: Track extension or transfer to dump truck for transport

ventilation equipment

Loading




(T146)Tunnel(Support)

(T146) Tunnel (Support)

Tunnel

Support
Temporary strueture installed to absorb earth pressure after tunnel excavation

and before covering work
Steel arch support

D
(MH-shaped steel., assembled in an arch shape, erection interval 1.2m or less as standard
@ Support is wrapped in concrete and used as steel beam

Crown jointling plate

~=~Bottom plate

a: Half-section type 153 T118




(T147)Tunnel(Rock bolt)

(T147) Tunnel (Rock bolt)

Tunne|

Support
@Rock bolt

MRock bolt, length 2-4m, diameter 25mm

Insert-fix
@Prevent falling

@Construct radially across the tunnel

g o H-shaped steel
Rock bolt e
. " “:Spraved concrete




(T148)Tunnel(Sprayed concrete(Shotcrete))

(T148)Tunnel (Sprayed concretel(Shotcrete])

Tunnels
support
3 Sprayed concrete (Shotcrete)
Spray concrete onto the bedrock to make it

adhere to the bedrock
Reinforce the weakened ground

1119

“--.. MH-shaped steel

N -

~" ":Sprayed concrete (Shotcrete]




(T14NTunnel(NATM (New Austrian Tunnelina Method))

(T149) Tunnel (NATM (New Austrian Tunneling Method))

Tunnels
MATM (Mew Austrian Tunneling Method)

T Directly pour shotecrete and rock bolts immediately after excavation
Fully utilize the natural bearing capacity of the surrounding ground

EZ Determine the number and length of rock bolts according to the ground GDHdItIDﬂS
) Cover the tunnel with shotcrete immediately after excavation
Less loosening of the ground

@ Less over—drilling of the excavation section

Can reduce the excavation cross—sectional area

________________

NATN (New Austr|an Tunﬂellng Hethodj " Lower_haif...:::_.;:;_.;:;J.:;:‘.“?, 4 1




(T150)Tunnel(Coverings (lining) )

(T150) Tunnel (Coverings (lining))

Tunnels

Coverings (lining) works
Prevents tunnel collapse and water |eakage

Safely supports the ground

Maintains strength and safety

Coverings (lining) work materials

I Segments: Shield construction methed Steel and concrete blocks
Combined to form a circular support

Figure Segments combined to form a circular support

Cast—in—-place unreinforced concrete Shield

Cast-in-place reinforced concrete

Segment

Stone, brick, precast blocks

G & W

Liner plates segment

1137

tunnel boring machine




(T151)Tunnel(Formwork)

(T151) Tunnel (Formwork)
Tunne |

Formwork
T Assembled

5
2 Pay attention to the spacing of the center (arch formwork)

3 Spacing between steel center pieces: approx. 1.2-1.5m
@ Install 2-5cm higher,

B

taking into account the amount of settlement during the covering work

|

i

i

|

i

|
7

Gnnqrete arch
Upper Iogg{ng '

Steel c%nter piece
|
Assembled 'Formwork




(T152)Tunnel(traveling form(Mobile formwork))

(T152) Tunnel (traveling form(Mobile formwork))

Tunne|
Formwork

Mtraveling form(Mobile formwork)
@traveling form(Mobile formwork): Steel centre and metal form integrated
Assembled on rails so it can be moved

Arch section concrete

Jack -

Turnbuckle\hhn

traveling form(Mobile formwork)




(T153)Tunnel(Coverings (lining)

(T153) Tunnel (Coverings (lining)

Tunnel
Coverings (lining)
MFull cross—section covering method
Construction divided into three parts: arch, side wall, and inverted lining
@Reverse inverted lining method: After construction of arch section — side wall — inverted lining
Main Coverings (lining) method: side wall — arch — inverted lining
@ Concrete: Goncrete with good workability
@Ready mixed concrete —placed using a concrete pump

B Arch section: Careful construction
®Reverse Coverings (lining) method: Arch and side wall, leaving a gap of about 10 cm

and pumping in mortar, etc. later APl Eanareta

ot

Concrete pump tr

4
Concrete placing 174




(T154)Tunnel(waterproof - drainage pipes )

(T154) Tunnel (waterproof - drainage pipes

Tunne |

Ancillary works
Areas with a lot of spring water
Install a waterproof sheet between the tunnel and the ground

Install drainage pipes and drainage belts

waterproof sheet

i

i

i

i

i

!
spring water

drainage pipes and drainage belts
4rainage treatmen

R




(T155)Tunnel(Shield method)

(T155) Tunnel (Shield method)

Tunnel segment

Shield method

Gt e Segment
F

Huﬁk transport device
“CONvVeyor

Cutter heaﬂwﬂ

. Shield L 7

tunnel boring machine

Shield

Segment

- Fal it
Fi h

L1 -4
ot 0 I I

T112
Shield method F127




(T156)Tunnel(Shield tunneling)

(T156) Tunnel (Shield tunneling)

Tunnel
Shield tunneling

Inside the shield: Excavation — Shield tunneling —Goverings (lining)work — Backfill injection

Linear shape is straight or with a large curve radius

Belt conveyaor

“-Screw-tonveyor

T T LA RITTITTTATI

AT

Shatt

Shield tunnel ing

Muck transport trolley




(T157)Tunnel(Air pressure shield tunneling)

(T157) Tunnel (Air pressure shield tunneling)

Tunnels

Air pressure shield tunneling
A bulkhead is created inside the tunnel, and excavation is performed while pumping in compressed aif
Suppressing the water that seeps in with air pressure
Mine work time: 0.5-1.5 hours

Decompression facility required

Shigld mach ine
Suction port

Concentration meter Bulkhead (airlock)
: Pressure switch | %UCtlDﬂ part

 facing

Bulkhkad (airlock)

Outlet |
Kl Outlet

Air pressure shield tunneling




(T158)Tunnel(Muddy water pressurized shield method)

(T158) Tunnel (Muddy water pressurized shield method)
Tunnel
Muddy water pressurized shield method
T Muck out: A large amount of water is pumped into the cutting edge (face),

which turns it into muddy water and discharges it outside the tunnel through a pipe
(@) Space and facilities are required for a large sedimentation pond

@ CGonstruction is possible in areas with a lot of spring water,

and only a small number of workers are required

Excavation machine Propulsion jack Segment

7

Pressurized water

B

i il il il

T T T T T T T Tdlwael treatment
R

Muddy water pressurized shield method

il




(T159)Tunnel(Earth pressure balance shield method)

(T159) Tunnel (Earth pressure balance shield method)

Tunne |
Earth pressure balance shield method

Suitable for working on soft ground

Ventilation fan for tunnel
' Standing pile

Shield machine

Belt conveyor

[

facing

Traverser

1,

Mud cart ; E ]

Segment cart .
Shield machine rear equipment Battery locomotive i
Operator cart Mudder injection pump

Power unit. eto




(T160)Tunnel(Open cut excavation without timbering )

(T160) Tunnel (Open cut excavation without timbering )

Tunnels

Open cut(Cut-and-cover) method
- Shal low box-shaped cross—-section tunnel
* Low construction cost

- Short construction period
Mexcavation without timbering

*Wider site width

Excavation surface Backfill surface

ur
1

7 - o

ey

excavation without timbering




(T161)Tunnel( Open cut method Full-section )

(T161) Tunnel ( Open cut method Full-section )

Tunnels

Open cut{Cut-and-cover)method
» Shal low box-shaped cross—section tunnel
* Low construction cost

- Short construction period Sheet piles
@) Full-section Open cut method

urban tunnels
BackfTill surface

i

Full-section Open cut method




(T162)Tunnel(Partial excavation method (trench method))

(T162) Tunnel (Partial excavation method (trench method))

Tunnels

Open cut (Cut-and-cover)method
» Shallow box-shaped cross-section tunnel
 Low construction cost

» Short construction period
@Partial excavation method (trench method)

Existing structure
- in case of digging a tunnel under an existing structure

* Remove foundation

Partial excavation method (trench method)




(T163)Tunnel(edge cutting pipe jacking)

(T163) Tunnel (edge cutting pipe jacking)

Tunnel
pipe jacking method

A method in which the pipe is pushed in one after another with a powerful jack
Gonstruction of underground buried pipes that cross under roads and railways

Pipe diameter: 600-2000mm
(Medge cutting pipe jacking

Blade tip(edge cutting) nipe Jack

edge cutting pipe jacking




(T164)Tunnel(Semi-shield pipe jacking method)

(T164) Tunne |l (Semi-shield pipe jacking method)

Tunne |
pipe jacking method
A method in which the pipe is pushed in one after another with a powerful jack
Construction of underground buried pipes that cross under roads and rai lways
Pipe diameter: 600-2000mm
@) Semi-shield pipe jacking method

shield machine pipe Jack
[E Iz
E— (=
Jack

Semi-shield pipe jacking method




(T165)Tunnel(shield -pipe jacking method)

(T165) Tunnel (shield -pipe jacking method)

Tunnel
pipe jacking method
A method in which the pipe is pushed in one after another with a powerful jack
Construction of underground buried pipes that cross under roads and railways

Pipe diameter: 600-2000mm
3 Examples of jacking methods

N
L=

-
g

—F
=i
-

Cutting edge(face)

Bl ade tip[edgé cutting)

in case of one section is long, a center push method is used; and jacks are also used in the middle




(T166)Tunnel(immersed tunnel(trench tunnel))
(T166) Tunnel (immersed tunnel (trench tunnel))
Tinne] Immersed tunnel
Immersed tunnel construction Submerged by crane girder
Built on land in a dry dock Wat ¢ - / -
Towed while floating on water ALAY BT Ian ‘T\%}’ ﬁf ; \‘67
4
v Water surface 3;/1/// ,ﬂ/ﬁ
) 2 dig the floor in advance C890
K immersed tunnel _
me i - Backfill surface
o x \QQ?/ The upper part 1s backfilled
< — 1T
.'ﬁ g -
notched crushed’s e

& NS S
ong :

_ foundation mortar 61072
foundation stone




(T167)Tunnel(immersed tunnel(trench tunnel))

(T167) Tunnel (immersed tunnel (trench tunnel))
Tunnels
immersed tunnel (trench tunnel)
Characteristics
M No risk during tunnel excavation
3

Gonstruction work on land and dredging underwater are carried out simultaneously
@ The tunnel is installed at a shal low depth.

so the total length is shorter
Submerged by crane girder

o /
i

wEE T K

|I|£f|

4
=]

\

//

N

|| |

7110




(T168)Tunnel(immersed tunnel(trench tunnel))

Tunnel (T168) Tunnel (immersed tunnel (trench tunnel))

immersed tunnel(trench tunnel)

(¥ Construction of immersed tunnel element

@ Foundation work

a
7

I AT

- I/ 1)

=1

@ Towing

il

i
@ Installation and backfilling

L

b B T SR $T
W R T S b R

o
Q
fie)
o
P
.

4

I

& Internal construction and completion




(T169)Tunnel(immersed tunnel(trench tunnel))

(T169) Tunnel (immersed tunnel (trench tunnel))

Tunnel

Immersed construction method
Construction

@ Gonstruction of tunnel element

After manufacturing the steel shell of the immersed box, pour concrete

L

L |

KX KKK AXAARX

XA

. /,;




(T170)Tunnel(immersed tunnel(trench tunnel))

(T170) Tunnel (immersed tunnel (trench tunnel))
Tunne |

Immersed construction method
Gonstruction

@ Foundation work

After digging the floor

a layer of rubble and a pedestal are installed

@ Foundation work

nj=

AT £ £ LS o




(T171)Tunnel(immersed tunnel(trench tunnel))

(T171) Tunnel (immersed tunnel (trench tunnel))

Tunne |

Immersed construction method
Gonstruction
@3 Towing
Both ends of the immersed tunnel are blocked with bulkheads to raise it to the surface
and tow it to the site.

3 Towing

|I|<]
-
e




(T172)Tunnel(immersed tunnel(trench tunnel))

(T172) Tunnel (immersed tunnel (trench tunnel))

Tunnel

Immersed construction method
Construction

@ Immersion and backfilling
Immersion is carried out by manipulating the box with anchor wires and placing it on a pedestal,

then applying mortar to the fToundation.

@ Installation and backfilling

Submerged by crane girder

I:I/ T
= 7 o -

F |7

UL LU ~




(T173)Tunnel(immersed tunnel(trench tunnel))

(T173) Tunnel (immersed tunnel (trench tunnel))

Tunnel

Immersed construction method

Gonstruction

& Internal construction and completion

Install interior lighting., pavement. and disaster prevention equipment
Backfilling of sides and top with rubble completed

& Internal construction and completion

=]

interior lighting

2 Backfilling
- 4 Oﬁ || |[| &g
G T T T O i/

od
=




(T174)Tunnel(immersed tunnel(Hydraulic joint))

Tunnel

(T174) Tunne |l (immersed tunnel (Hydraulic joint))

Immersed construction method
Hydraulic joint

Water is poured into the box to allow it to sink

Join to the existing box and drain the interstitial water
Hydraulic joint using hydrostatic pressure

Hydraulic joint
M Vertical jack
: @ Pulling jack

3 Rubber gasket

@ Hydrostatic pressure
Sas 7
@ Existing box E E, e & o
| [ .
—— e e
m
@ Filling imertr ril @ Drainage || © Temporary support pracket
N R 7 Rubber gasket
EEEE?EEEEEEEEEEEEEE‘:‘T---EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE EEEE;—Q;:EZE—;EEEEEEEEEEEEEEEEEEEEEEE
@g} ﬁg} @® Foundation rubble @,:;} @g} ﬁg@ o

7 /;/;%Wf//%




(T175)Tunnel(immersed tunnel(Flexible joint))

(T175) Tunnel (immersed tunnel (Flexible joint))
@ Rubber gasket

Tunnel & ;
e @ Secondary watertight rubber

Immersed construction method

Flexible joint Ty

@ End steel shell ——éﬁEE{IE;— @ End steel shell
1 | | 1 1L T I
"-F-&- .-"- -
; ,,F"FF ©Coupler & Gonnecting cable

Flexible joint

_____________________




(T176)Tunnel(Injection method/Deviation water drainage method)

(T176) Tunnel (Injection method/Deviation water drainage method)

Tunnels

Injection method/Deviation water drainage method
Purpose

(I Water springing during excavation — construction difficulties
Cause of ground collapse

@ Inject chemicals into the ground to stop the water springing

[njection method: Deviation water drainage method
Fill the groundwater channel with grout to prevent groundwater in the tunnel from leaking

% in case of the ground is weak, |nJect strong grout to solidi fy and reinforce the ground

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

<1 Grouting

-ﬁ{ Injection method




(T177)Tunnel(Injection material: grout)

(T177) Tunnel (Injection mat/e;ial: grout)

Tunnels Grout pump Grout mixer
Injection method/Deviation water drainage method
- : . - o~ 0~
Injection material: grout

LN L LN G
: : i & i
Uses cement milk, cement paste. chemicals, fly ash, and asphalt
2 P . ; ; : T80
dT)Gement milk: Bentonite is added to prevent cement particles from settling
@ Water glass-based chemicals: Water glass hardens when it comes into contact with acid or alkali

Easy to penetrate
3 LW method: A method that uses cement milk and water glass

Pressure injection

Grout pump

=




(T178)Tunnel(Grouting)
(T178) Tunnel (Grouting)

Tunnels
Injection method/Deviation water drainage method
Grouting

In order to prevent soft ground or water leakage, injection agents (cement paste, etc.)

are injected to fill voids in the ground.

=

Injection holes are arranged so that the grout penetration ranges overlap each other.

|:EI
@ The thickness of the injection zone is usually 1.5-3 times the radius of the tunnel.
@ The injection seguence is to expel water from inside the tunnel to the surrounding area.

..........................................................................................




(T179)Tunnel(Grouting)

(T179) Tunnel (Grouting)

Tunnels
Injection method/Deviation water drainage method
Checking injection
DEnd of injection: Determine the final injection pressure, consider the injection amount
and perform check boring

@in case of necessary, perform sampling and water injection tests to make a judgment
@Final injection pressure: When suppressing spring water, inject
at a pressure 2-3 times the spring water pressure

4 Fracture zone. The higher the injection pressure,

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

ey ] Grouting

Soft grnund.fﬂfjf;if?,if}f ,,,,,,,,,,, ;f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, fli' ,,,,,,,,,,,,,, ﬁf}f;ﬂf' ,,,,,,,,,,, ;f;ﬁ?f;

= Injectimn methmd




(T180)Tunnel(Injection method/Detour drainage method)

(T180) Tunnel (Injection method/Detour drainage method)

Tunne ls
Injection method/Detour drainage method
Checking injeection

Detour drainage method
(M in case of a lot of spring water during tunnel excavation, dig a drainage shaft separate from

the main shaft to drain groundwater and then perform excavation work

@)An effective method in case of a fractured zone is encountered during tunnel excavation

@ Procedure: Drill a drainage hole from the side to the front in front of the cutting edge
Drill just before the fractured zone

Discharge water from the borehole through the drainage hole and the main tunnel shaft to
the outside of the tunnel

@Pay careful attention to water rights in the area“above the tunnel
// Drainage boring

///// i e main school

I~ —

Main shaft

Drainage boring
L 1Drainage tunnel

Drainage shaft
Drainage boring

190




(T181)Tunnel(Pipe parallel /Messer method)

(T181) Tunnel (Pipe parallel /Messer method)

Tunnels
Special construction methods

Tunnels with thin soil cover
Houses, roads, etc. exist on the ground

Loosening of the ground and Settlement of the ground surface due to tunnel excavation

are avoided as much as possible
T Pipe parallel construction method
@ Messer construction method

Houses, roads

soil cover
Settlement




(T182)Tunnel(Pipe parallel method)

(T182) Tunnel (Pipe parallel method)

Tunnels
Special methods
)Pipe parallel method
Steel pipe diameter 100-900mm
Steel| arch support

n 8000 G0 0 o

o O
oo

 Pipe roof

Pipe roof methods

192




(T183)Tunnel(Messer method)

(T183) Tunnel (Messer method)

Tunnels
Special methods
@Messer method

1. Messer sheet piles 7.2 qacks

£

4. Sheet piles

SI=—THN
]
—

e

T b. Pressure transducers
. Supports| | " | | i

:::Qﬁﬁkt:h: /y T. Nesser supports| f

TN Y IR T R

3. Compressors

E;:I

Loy




(T184)Tunnel(Freezing methods)

(T184) Tunnel (Freezing methods)

Tunnels
Special methods
Freezing methods

Soft ground, for ground with high water content 5 Release into the atmosphere
Temporarily freeze and solidify the ground to strengthen and watertifhgen it g =i
@ Applicable conditions Worape fan ‘R\T/% :
Moisture content B‘E:Inr more | 9 Y| e =74 Valve T E
Groundwater flow: Direct method 10m/day or less 1 EhE SRk T 5y @
Indirect method 1m/day or less T ¢ = o
@ Volume expansion Qgé%éaﬁk e LNA—ge— ks
Silt/clay: Large 4] Bes T
Gravel/sand: No expansion §
Artificially frozen soil 5% or less :

3 Strength of frozen soil
Clay < sand < gravel {4.9-15 7N/mm2)

@ Freezing temperature
~-20 to =30°C

! Freezing pipe

10 Tunnel excavation

i

Frozen4oil

Freezing methods




(T185)Tunnel(Freezing methods)

(T185) Tunnel (Freezing methods)

Tunnels
Special methods
Freezing methods

O Effective locations
M Soft ground: Locations where excavation
is not possible even with chemical injection methods -

« 47

® locations where pile driving is difficult: Locations .
where Underpinning of structures is difficult @ T
@Locations where the groundwater level is T ¢ o
, , N ] : [ 1]
difficult to lower even with dehydration methods _@‘ I
Gaution: Vglume expan5|unldur|ng freezlng,é/;/ ﬁ/ g ,/;
Pay attention to changes in ice volume and strengt

Soft ground

Freezing methods




(T186)Tunnel(Invert)

Tunnel

Invert

(T186) Tunnel (Invert)

» Soft ground near the tunnel entrance

- Govering:

Increases structural strength
- Prevents subsidence (Settl|ement)

» GCovering: Complete closure




(T187)Tunnel(Return packing)

(T187) Tunnel (Return packing)

Tunnels
Return packing
Prevents loosening of sheet piles
Prevents twisting of supports(timbering)

AT e

Return packing




(T188)Tunnel(Payment line)
(T188) Tunnel (Payment |ine)

Tunnel
Payment |ine

A Minimum coverings {(lining) completely filled with concrete,

thickness line: Inside the edge,
nothing else should be in it

wood: not allowed

B: Payment |ine: Payment subject
thickness |ine: Hard rock and steel may be in it,

. Desien coverings (lining)

Concrete placing




(T189)Tunnel(bracing)

Tunnel

bracing
Collapse prevention
Support

facing

Cutting edge (facing)
Entrance

(T189) Tunnel (bracing)

=, -lunnel support

N

S5\




(T190)Tunnel(Upper half section advanced construction method)

(T190) Tunnel (Upper half section advanced construction method)

Tunnel

Upper half section advanced construction method

* Geological conditions — Good
* Low spring water volume — Tunnel

Upper half excavation
Upper coverings (lining)
Lower construction

@Upper coverings (lining)




(T191)Tunnel(Full-section advanced construction method)

(T191) Tunnel (Full-section advanced construction method)

Tunnels

Full-section advanced construction method
« Simultaneous excavation of all sectiaons

» Rock foundation - Good
« Used for small and medium sections

« Exgavation speed - Fast

Goverings (lining)

Covering concrete

/ S e e o S e
SN

‘
%

Full-section excavation wark T29




(T192)Tunnel(Side wall heading(Pilot) tunnel excavation work advanced upper half section method)

(T192) Tunnel (Side wall heading(Pilot) tunnel excavation work advanced upper half section method)

Tunne |
Side wall heading (Pilot) tunnel excavation work advanced upper half section method
Side wall headingl(guiding) work advanced

Concrete placing
Upper half section —Excavation cover work

Ground — poaor
Reverse arch:Lack of bearing capacity

Number: Construction sequence

Side wall heading(Pilot) tunnel excavation work advanced upper half section method
130




(T193)Tunnel(Enlarged sidewall concrete)

(T193) Tunnel (Enlarged sidewall concrete)

Tunne |
Enlarged sidewall| concrete
Near the tunnel entrance where there is a |ittle soil covering

Areas where side walls are prone to deformation due to uneven pressure

Upper embankment

Enlarged sidewall|l concrete
|

: i sidewal |l concrete

: 3 :.:J-._:.'_'i.’a'ﬁ'l"' '
|
1

Inverted Concrete

Enlarged sidewal | concrete




(T194)Tunnel(Shaft)

(T194) Tunnel (Shaft)

Tunnel

Shaft
Tunnel division construction

» Ventilation, material input/output
» Shape: circular, rectangular
» GConstruction method: caisson method, underground continuous method, mountain method

Shaft

7

Tunnel




(T195)Tunnel(Soil cover)

(T195) Tunnel (Soil cover)

tunne |

Soil cover

: S -
Soil cover thiokness  mEETATE 0il cover

_;;f:? ------- -"i;_ 1 Sidewall
AR 2 : ' 116

4 - '.-"__ Hl‘/?}é;‘

S E;ﬁih”uuver

Sidewall

Invert T16




(T196)Tunnel(Tunnel axis direction)

(T196) Tunnel (Tunnel axis direction)

Tunnel
Tunnel axis direction




(T197)Tunnel(NATM (New Austrian Tunneling Method))

(T197) Tunnel (NATM (New Austrian Tunneling Method))

Tunnel

NATW (New Austrian Tunneling Method)
Diagram

Rock bolt

Support (timbering)

Sprayed concrete(Shotcrete)

, NATN (MNew Austrian Tunneling Method)
Covered wire mesh

~8hrinkable support
" Sprayed concrete (Shotcrete)

A-A section
7

ar

wire mesh

Sprayed‘concretefShotnrete)




(T198)Tunnel(Bottom heading(pilot) tunnel advance ring cut method)

(T198) Tunnel (Bottom heading(pilot) tunnel advance ring cut method)

Tunne |
Ring cut method

Bottom heading(pilot) tunnel advance
ring cut method

Number: Gonstruction sequence

Ring cut method

T34




(T199)Tunnel(Sidewall heading tunnel advanced ring cut construction method)

(T199 ) Tunnel (Sidewal |

Tunne |

Eing cut method

heading tunnel adwvanced ring cut construction method)

Sidewall|l heading tunnel advanced
ring cut construction method

Number :

Construction sequence

T34




(T200)Tunnel(Full cross-section method)

(T200) Tunnel (Full cross—-section method)

Tunnels

S$teel arch support(timbering)
Mountain tunnel construction method
i

T Full cross—section method

Goverings (lining) concrete
support (timbering)

a: Full section method T35

;i//ﬁﬁ/ 97 (IS BESLBBE BRI 5B 688884

i

R KA R

Excavation Goverings (lip

S

{d)Full-section excavation method

o

T29




(T201)Tunnel(Upper half section ring excavation method)

(T201) Tunnel (Upper half section ring excavation method)

Tunnels

Steel| arch support(timbering)
Mountain tunnel construction method
@Upper half section ring excavation method

Upper half section ring excavation method

ﬁrch support (t imber ing)

Arch concrete

J”H,Upper half section excavation

“r-sidewall concrete

k: Large back excavation

Invert concrete

@Upper half section ring excavation method




(T202)Tunnel(Bottom-heading tunnel advanced upper half section excavation method)

(T202) Tunnel (Bottom-heading tunnel advanced upper half section excavation method)

Tunnel s

Steel arch support
Mountain tunnel construction methods

Bottom-heading tunnel advanced upper half section excavation method

Types of heading(pilot)

Bottom heading(pilot) - Genter bottom

=

130

T31




(T203)Tunnel(Side wall guide shaft advanced upper half section construction method)

(T203) Tunnel (Side wall guide shaft advanced upper half section construction method)

Tunnel s
Steel arch support
Mountain tunnel construction methods
Side wall guide shaft advanced upper half section construction method

Types of heading(pilot)

£i:) Side wall heading(pilot) - Both sides of the bottom

(fﬁ\ (’“} T30

)

132




(T204)Tunnel(Lining concrete)

(T204) Tunnel (Lining concrete)

Lining concrete

Water stop plate p——— —

C1034




(T205)Tunnel(payment lines)

(T205) Tunnel (payment |lines)

Tunnels
Examples of payment lines

A Coverings (lining) work finish line

B: Design Coverings (lining) thickness line: Design excavation line
(. Excavation payment |ine

D: Minimum winding thickness line

Backfill injection is performed when ground conditions are poor

Type of work: Payment |ine
Excavation: Design excavation |line +15-20
Coverings (lining) work: Design winding thickness line +10-15

Inner spac

———— P —

Type of work: Payment |ine




(T206)Tunnel(Short step system)

(T206) Tunnel (Short step system)

Tunnels

Short step system: Gonstruction example of a vertical shaft

] 1~

) il \ vertical shaft
\5 ﬁ—rl
Existing CGoverings (lining) work —~— Eézi; — \
L R

0 7
L R
L R
_",ﬂ,GunurEte

L R
Vibrator L )

Formwork




(T207)Shield tunnel

shield tunnel

(T207) Shield tunnel

elevator tower

sand hopper-..._ |

N
\\\\ MEN
;y segment
'\\N =
?ﬂf - = F=f=-backfill injection equipment
A =]
shield t;atteryr car shield tunnel 1051
steel cylinder: shield M420




(T208)Enlarged sidewall concrete(Protecting concrete wall)

(T208)Enlarged sidewall concrete (Protecting concrete wall)

Enlarged sidewall concrete
Protecting concrete wall

Presser embankment

/
A

.x%éijj:::::: i
\\\ /}/ <Sidewal | concrete
_!'H-\_"‘—\—\_\_\_\_

/,/

tunnel

near the pit mouth

pressure action

Govering/Coverings (lining) thickness:

arch reinforced concrete

thicken

G1061




(T209)Immersed tunnel

(T209) Immersed tunnel

=

o ®
— v ﬁE}ng Hk_ﬂﬁEEmmq [ ] l ] d;}jﬁfﬁ@

1l

| ENENEERNEGAENNREREEN

m ha ot A
il i ) i A 5 O i i

A YL RS e 5,7

Shaft

Backfilling completed
Backfilling work
Tunnel

immersed tunnel

i “kgg/

S : = :
(TP I I IANNNNUNNNNNN
foundation stone foundation mortar

Foundation treatment work
immersed tunnel work

immersed tunnel| box

Trench

Water bottom

notched crushed stohe

2 @ o QO @o ® w6

Dredging work
1072




(T210)Tunnel(telescopic form)

(T210) Tunnel (telescopic form)

Tunne |
Telescopic formwork

traveling form(Mobile formwork) for pouring tunnel coverings

Gonorete press jack

i N frame
ﬁv Movab g patt N\m
s .
== T = .- Grown support Jack
i e £ e _._.__._._!__._. S || S L o] P S -
¥ ! %, Uil jack
i I!I L ¥
uy /, | \ \ e
T~ e A 5 oo SO [CH I ——
Lower screen jack 4 | %
“““nuuxfr Muck tiolley \&
. F ''''''' |____| :
| ! |
i i
1 1

I
I
!
|
I
I

Telescopic formwork




(T211)Tunnel(Inner section)

(TZ211)Tunnel (Inner

Turne |
Inner szection
Mountain tunnel

section)

ThE




(T212)Tunnel(Inner section)

Tunne |
internal section of tunnel

(T212) Tunnel (Inner section)

)

@ 0pen cut(Gut-and-cover) tunnel




(T213)Tunnel(NATM (New Austrian Tunneling Method))

(T213) Tunnel (NATM (New Austrian Tunneling Method) )

Tunnels
NATM (Mew Austrian Tunneling Method)

Bench cut construetion method

=)

Upper excavation

@) Sprayed concrete

Rock bolts

Lower excavation

@ & W

Sprayed concrete

Concrete covering

@

T61
NATN (Mew Austrian Tunneling Method) 762




(T214)Tunnel(NATM (New Austrian Tunneling Method))

(T214) Tunnel (NATM (New Austrian Tunneling Method) )

Tunnels
NATM (New Austrian Tunneling Method)

Bench cut construction method

@ Upper half section excavation @ Lower half section excavation
@ muck removal @& muck removal
@ First sprayed concrete(Shotorete) @ First sprayed concrete(Shotcrete)
@ Steel arch support(timbering) erection @ S$teel support(timbering) erection
& Second sprayed concrete (Shotcrete) i Second sprayed concrete (Shotcrete)
@ Rock bolt driving i Rock bolt driving
s IS AT AL /// ’ oo e 08
£ @® 2/
@ ﬂ-
2 pu— :
eI T T
S 7
— :
= ®@ n|
LT




(T215)Tunnel(NATM (New Austrian Tunneling Method))

Tunnels
NATM (New Austrian Tunnel ing Method)
Bench cut construction method
{d)2-boom crawler jumbo
ZGoncrete backhoe
@ muck loading machine
@'muck removal vehicle
® Spraying(Shotcrete) robot
& Spraying(Shotcrete) machine
T Truck mixer

@ Rock bolt driving scaffolding
@Mortar injection machine
{iMeasurement scaffolding
@Slide center 1=10 5m

for all cross sections
i GConcrete pump vehicle
@ Truck mixer

(T215) Tunne |l (NATM (New Austrian Tunneling Method) )

i




(T216)Tunnel(immersed tunnel(trench tunnel))

(T216) Tunne | (immersed tunnel (trench tunnel))

Tunne |
immersed tunnel (trench tunnel)
Bulkhead

Bulkhead that divides the space _
@Control room

@ Submerged work ship
- ]

=t

| BroTane giTeT '

I s Y e T s B s =T | e B

; diSyuspgension wire

??Survey tower L N

§ B Element b'i‘,l'l_| stimerged

e, \|

,/; H 1 Y D Ei g 7

Eﬁéeﬂged
Bulkhead
immersed tunnel (trench tunnel)

M Mooring wire

1172




(T217)Bernold method

(T217)Bernold method

aszemb |y support

bernold seat H,Concrete

steel|l arch shoring

bernold seat

DFOVISIOﬂa| wvo |l ume

//// /

tunnel construction

MWWM e
| ——

C1145




(T218)Waterproofing sheet

(T218)Waterproofing sheet

concrete

Sheet pile

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
B T e e % i B Sy S A L 8

Fasteners

ﬁaterpruufing sheet

fixed corrugated iron plate

steel arch shoring

Treatment of spring water from the ground
G1146




(T219)Thickness of lining

(T219) Thickness of lining

Thickness of lining

payment |ine

G1150




(T220)shield tunneling

Cutting edge(facing)

Tunne|
shield tunneling

Shield machine

(T220

Be lt conveyor

)shield tunneling

shield tunneling

Ventilation fan for tunnel

Segment

Shield shaft
Standing pile

,
My etiie, s Cue, oafa e - . \ ]
- ST TITTIT
S ..
i}

1 f)
: Traverser
: Mud cart : A
Segment cart ; Soil removgl vehicle =
Shield machine rear equipment Battery locomotive :
Operator cart Mudder injection pump

Power unit. ete.

1159




(T221)support(timbering)

(T221) support (timbering)

Tunne |

support (timbering)

Shape of steel arch support(timbering) for tunnel
M Temporary structure

& Tunnel support(timbering)
@ Earth retaining support(timbering)

Shape of steel arch support(timbering) for tunnel

T66




(T222)inclined adit :inclined shaft

(T222) inclined adit :inclined shaft

Tunne |

Inclined shaft
Steep tunnel

Connects the surface and the main tunnel
Work tunnel for removing muck and transporting materials
Inside the tunnel: Install an incline

Horizontal installation: Adit
Vertical installation: Shaft

Shaft

T T Main tunnel




(T223)pipe jacking method(Tensioning method)

(T223)pipe jacking method(Tensioning method)

Tunnel
pipe jacking method
Tensioning method

@ Reaction steel

72 |

" @pige jacking 150t x 4 units @Pipe i

Eﬁﬁeau:iun steel

I

PG steel wire

] ‘ ‘

MStarting tunnel

."'. %
i
‘ w [[ 09
. E

E@F{un: jack 1501

o

x 4 units

HiArrival tunnel

pipe jacking method(Tensioning method)




(T224)pipe jacking method(Middle push-out method)

(T224)pipe jacking method (Middle push-out method)

Tunnel

pipe jacking method(Middle push-out method)

* Push the pipe from the starting shaft to the arrival shaft

(I)Attach a blade tip to the tip:

Blade tip thrust method
@ Attach a shield tunneling machine to the tip(face):

3 lUse a small| diameter pipe: Small diameter pipe jacking method
@ Starting shaft

M Blade tip(edge cutting )

@Middle push device

77

3 Middle push device

i

Semi-shield method

G Hydraullfic pump

e

for starting push

~vT-§§Dpera:iun panel: strut

i e

pipe jacking method(Middle push-out method)

& Bearing wal |
# Jack stand

T164




(T225)heading(Pilot)

(T225)heading(Pilot)

Tunne |
heading(Pilot)

7
a Top heading(Pilot) b Low set heading(Pilot) ¢ Side wall heading (Pilot)
\T/’ 7
7 ™
Z i Javalitel hesdingiPiie
G AR BREEITETIRD) s Wt Nead e I mealles. hesdineibs Ung)

Advance heading(Pilot)
heading (Pi lot)




(T226)heading(Pilot)

(T226) NATM (New Austrian Tunneling Method)

Tunne |
NATM (New Austrian Tunneling Method)

Matural ground

NAEM (New. Aubtrian Vuiiielifie Methom T61




(T227)Tunnel(swelling heaving)

(T227) Tunnel (swelling heaving)

Tunne!
Ground swelling

in case of exeavating a tunnel, the ground pushes inward over time
The tunnel space shrinks as the rock absorbs water and expands

Large earth pressure acts on the tunnel support(timbering) and Coverings (lining)
1) Glay layer pushes out

................................................... S
"""""""""""""""""""""""""""""""""""" Hard -zround -tayer

Clay layer

(T Clay layer pushes out

Ground swelling




(T228)Tunnel(swelling heaving)
(T228) Tunnel (swelling heaving)

Tunnel

Ground swelling
in case of excavating a tunnel, the ground pushes inward over time

The tunnel space shrinks as the rock absorbs water and expands

Large earth pressure acts on the tunnel support{timbering) and Coverings {(lining)

@ Due to the swelling heaving clay layer
The clay layer swells

The clay layer swells

@Due to the swelling heaving clay layer

Ground swelling




(T229)Tunnel(swelling heaving)

(T229) Tunnel (swelling heaving)

Tunnel
swelling heaving
3 Caused by the sliding of a fractured zone (a mixture of clay and rock fragments)

Drilling is done just before the fractured zone

A place with a lot of spring water

.MHHQFd=s$fatum

-h"ﬂuh““”The“play layer swells

ispring water |

ractured zone

@ Caused by the sliding of a fracturedhfbﬂeufa“ﬁT}ture‘Df clay and rock fragments)
swelling heaving =




(T230)Tunnel(chipping)

(T230) Tunnel (chipping)

Tunne|
chipping
Remove the protruding part that is in the way

chipping

e R R e R T i e T

EN




(T231)Tunnel(pneumatic method)

(T231) Tunnel (pneumatic method)

Tunnel
pneumatic method

Compressaor

Compressed air - send pieég-

Shield driving jack Concrete lining

4%

00°00 10
WL 77 i

Compressed air — increase air pressure — work

4

- vertical shaft

I




(T232)Tunnel(bottom of bore hole)

(T232) Tunnel (bottom of bore hole)

Tunne |

bottom of bore hole
The end of the hole left in the facing after blasting

Before blasting

”Dynamite detunatu%ﬁ}/

i izm facing (Cutting edge)

=T e ... Fuse

)/

clay %émpung
i T A 7 A
bottom of bore hole
: After blast;gg

Stone chips (muck)




(T233)Tunnel(clay tamping)

Tunnel
clay tamping

(T233) Tunnel (clay tamping)

More dynamite
,,,,, B e s Thrust sti

b

[
r

Detonator glay tamping

ok

Fuse




(T234)Tunnel(traveling form(Mobile formwork))

(T234) Tunnel (traveling form(Mobile formwork))

tunnel

traveling formMobile formwork)

Assembled on rails so that

Goncrete press jack

can be mov

! o

=
T
/ .\
4

Mu¢ab|d pat
""ﬁ?—_: i H

O

Lower scregf

i ek

T—
o
Ea e
o

" Muck tiol ley

ed

-~ frame

own support

0Pl jack

|
|
|
i
|
|

U

Telescopic formwork

1210

Arch section concrete

Jack

Turnbuckle .

Jack .

T162
traveling form(Mobile formwork)




(T235)Tunnel(Invert)

(T235) Tunnel (Invert)

tunnel

Invert

Upper half section ring excavation method

Arch support(timbering)

Arch concrete

... Upper half section excavation

“4-sidewall concrete

| % Large back excavation

186 Invert concrete 1901




(T236)Tunnel(Invert)

(T236) Tunnel (Invert)

tunnel
Inverted Strut
Expansive geology |
Soft ground quality

|
invert strut i
i




(T237)Tunnel(wall plate)

(T237 ) Tunnel (wall plate)

tunne |
Wall plate tvpe support (timbering)

The hase of the arch member
support (timbhering) using wall plates

Ground

AI:_ = s Grooved Steel

7.
semi-sectional Wall Plate

Wall Flate




(T238)Tunnel(Wall plate type support(timbering))

(T238) Tunnel (Wall plate type support(timbering))

tunnel
Wall plate type support(timbering)

ﬂroh Rib

== (o]

c.-wall plate

wo--POS T

Inverted Strut
; || A

_‘%%aﬁﬁah=;i=;=ﬁ5ﬁﬁ§ﬁﬁ
q*%a%¢:::::==::ﬂ:;;gﬁf§5

Full-section wall plate




(T239)Tunnel(pumice-stone(Floating stones))

(T239) Tunnel (pumice-stone(Floating stones))

tunnel
pumice-stone(Floating stones)

pumice-stone (Floating stones)

“-grack




(T240)Tunnel(logging)

(T240) Tunnel (logging)

logging logging
Tunnel Arch Concrete Placing — Upper Centre-Formwork




(T241)Tunnel(adit(Horizontal pit))

(T241) Tunnel (adit (Horizontal pit))

tunne |
adit(Horizontal pit)
Passages, ventilation, material transportation

ddit (Horizontal pit)

__________________________________________________________________________

_______________________________________________________________________

Hain.pit




(T242)Tunnel(heading(guide) drilling)

(T242) Tunnel (heading(guide) drilling)

tunne |
Crown cap
heading(guide) drilling




(T243)open cut - trench method

(T243) open cut *- trench method

Upen cutting method

Structures
-

1

Sheet piles

#J,Earth retaining

d) Open cut—

| —

@ Backfill

@ Underground tunnel

C1213
E505




(T244) erection fixture(Temporary Installations)

(T244) erection fixture(Temporary Installations)

tunne|
erection fixture(Temporary Installations)
scaffold

Large ground pressure acts on tunnel support(timbering) and Coverings {(lining)

Full Section Central




(T245) tunnel(enlargement)

(T245) tunnel (enlargement)

tunnel
enlargement(Spread out)

enlargement (Spread out)

Drilling without heading (guide)

headingiguide)




(T246) tunnel(segmental arch timber)

(T246) tunnel (segmental arch timber)

tunne |
segmental arch timber

Circular —-shaped structures
Formwork board

1240




(T247)tunnel(glory hole system)

(T247) tunnel (glory hole system)

tunnel
glory hole system
Dam sidewall excavation




(T248)tunnel(steel centre)

tunne |
steel centre

(T248)

tunnel (steel

centre)

steel centre




(T249) tunnel(pit)

(T249tunnel (pit)

tunnel
pit

inclined adit :inclined shaft(Slope pit) ":shaft




(T250) tunnel(undermining blast method)

(T250) tunnel (undermining blast method)

tunne| Stuff Chambers
undermining blast method e o
Extraction of large amounts of rock

AT AT
< \\\\\ \*&\\\\ \\ SN

3 ghd prvunnel‘I :
Stuff Ghambers IHEIEh_' 1 B=1 Ba

‘Width 0 9-1 3m




(T251)Portal -pit gate

(T251)Portal -pit gate

:

Tunnel entrance stance

G1317




(T252)Concrete bed

side wall

T

(T252)Concrete bed

///////

in the tunnel

Concrete bed

C1321




(T253) open cut method

(T253) open cut method

J/jr/__ @ Backfill

(2 Underground tunnel

1) Open cut —=

G1273
E505




(T254)tunnel(shunt heading)

(T254) tunnel (shunt heading)

tunnel
shunt heading
Leading to the pithead for safety

pit gate concrete - i N

. heading

..........................




(T255)tunnel(mucking)

(T255) tunnel (mucking)

tunnel
mucking

Tunne!l excavation soil
Excavated soil for fracturing drilling




(T256)tunnel(mucking)

(T256) tunnel (mucking)

tunne |

mucking
Tunneling
Moving the muck out of the tunnel

mucking

Loading ; : Towing vehicle
Loader: machine loading

Transportation




(T257)tunnel(wedging)

(T257) tunnel (wedging)

tunne |

wedging

Final top concrete placing
lining concrete

. wedging
B Final top concrete placing

1240




(T258)Enlarged sidewall

(T258)Enlarged sidewal |

arch reinforced concrete

/
7

Enlarged sidewal |

Aunnel/lining

=sidewal |l concrete

inverted concrete

Lateral pressure/sknitting pressure - resistance

G1363




(T259)tunnel(core method of tunnel construction)

tunnel

(T259) tunnel (core method of tunnel construction)

core method of tunnel construction




(T260)tunnel(upraise)

(T260) tunnel (upraise)

tunnel
Tunnel ing surface
s : :
T top heading of tunnel construction
@ Round shape
Fupraise

@ Bottom heading of tunnel construction

@1
()
@i




(T261)tunnel(top heading of tunnel construction)

(T261) tunnel (top heading of tunnel construction)

tunnel

Tunneling surface
M top heading of tunnel construction

@ Round shape
@upraise
@Bottom heading of tunnel construction

=
@_—_—_—_J

SN

—————————




(T262)tunnel(immersed tunnel(trench tunnel))

(T262) tunnel (immersed tunnel (trench tunnel))

tunnel
immersed tunnel (trench tunnel)

|||<]




(T263)tunnel(earth pressure shield)

(T263) tunnel (earth pressure shield)

tunnel
Earth pressure shield method

=
{)Cutter chamber
=

; #) Screw conveyor

............................................................

ZBulkhead

&S0il rlemoval

ﬁiExnauahed 501 -ﬁ‘ShleId jack




(T264)tunnel(heading(Pilot))

(T264) tunnel (heading (Pilot))

Tunnel
heading (Pilot)

The first excavation tunnel

heading{guide) drilling 1249




(T265)tunnel(timbering of heading)

facing(Cutting edge)

(T265) tunnel (timbering of heading)
Tunne |
timbering of heading
Supports earth pressure
Prevents col lapse
heading(guide) drilling
crown cap
i
! i
AT 4%
heading pillar
timbering of heading

5




(T266)tunnel(trolley(Earth transport vehicle))

(T266) tunnel (trolley(Earth transport vehicle))

Tunnel _
trolley(Earth transport vehicle) gfﬁﬁfﬁ?ﬁk
Excavated soil transport
Towing by locomotive
Tunnel construction site

mucking Ifx trolley (Earth transport vehicle)

0 facing(Cutting edge)

el e ool e L
Loading Towing vehicle

Loader: machine loading

Transportation

1256




(T267)tunnel(drll jambo)

(T267) tunnel (dr 1| jambo)

Tunnel
drl!| jambo

facing (Cutting edge)
Rai
Moves forward and backward on the rails

AT ST I TIPS

iy

facing(Cutting edg

Rai |




(T268)tunnel(tunnel surveying)

(T268) tunnel (tunnel surveying)

Tunnel

Tunnel surwvey
1S/theodol ite position

A Py
A B

Survey in case of both pit gate(tunnel entrances) are visible from one point on the summit

G

PV e
A, %
4

Survey near the pit gate(tunnel entrance)




(T269)tunnel(Inclined Shaft)

(T269) tunnel (Inclined Shaft)

Jﬁa';
-'? ;
S,r{;la ffl’j"m :\ R
g,
Sy

]
A

inclined adit :inc;l-ined shaft Main Shaft (Tunnel ) i_r{f;rlined adit -inclined shaft




(T270)tunnel(fuse)

(T270) tunnel (fuse)

tunnel

fuse
More dynamite
O Thrust stick

................
'''''''''''''''''''
....................

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Fuses should be the same length




(T271)tunnel(pipe roofing protection)

(T271) tunnel (pipe roofing protection)

Tunnels
pipe roofing protection
Auxiliary method for supporting the ground around tunnels

142




(T272)tunnel(lining)

(T272) tunnel (lining)

tunnel
lining
* Prevention of ground col lapse
* Prevention of water leakage
* lining (Covering) the ground

A — lining




(T273)edge cutting pipe jacking

(T273)edge cutting pipe jacking

edge cutting pipe jaecking

Press—Tit with hydraulic jack gantry crane
manual excavation
laying pipes S P P O A i S S O 0 S I 0G|
’ o
standing pile
Operation board
Hydraulic pump ||
‘Bl Pl ;
t——| ..bearing wall
. ifg?
blade mouth ¥
jack stand

N396




(T274)Tunnel(half section excavation)

(T274) Tunnel (half section excavation)

Tunne|

Half-section excavation

Construction order

(DExcavate the upper half of the arch
@Coverings (lining) concrete

3 Excavate the lower half

@ |lower Coverings (lining) concrete




(T275)Tunnel(shot crete)

(T275) Tunnel (shot crete)

tunne |
slope surface—-stahble
spraying
slope protection work
excavation surface

cement + sand+water

TWet type & Dry type
spraying — Perpendicular to face cover for long distance transport
a lot of bounce C1384

H400




(T276)Tunnel(bench cut method)

(T276) Tunnel (bench cut method)

Tunnels

bench cut method
Tunnel excavation method

Step excavation
Advantageous in case of the tunnel cross section is wide

s8

NN




