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< SUMMARY )

Purpose &
Contents

o Utility tunnels, which assimilates various existing underground utilities such as
electric lines, communication lines, piping systems etc., are part of the 'lifeline'
project that incorporates national infrastructure and various underground utilities.

o Considering the high urbanization rate in Korea, the [Urban small-diameter (®3.5m
size) tunnel-type utility tunnel design and construction technology] research project is
vital to the economic advancement of urban underground infrastructures. To achieve
the goals of this project, 3 main technologies were selected for development:

1) Optimum design capacity computation and global standard design technology for
urban tunnel-type utility tunnels

2) Excavation rate prediction technology and rapid construction techniques in steep
curved section/special ground for urban tunnel-type utility tunnels

3) Rapid low noise / no vibration, reinforcement / isolation construction technology
for vertical utility tunnel shafts

To achieve the development objectives, each of the 3 main technologies were divided
into 3 projects and their respective research content and range are as follows:
[Project 1] Optimum design capacity computation and global standard
design technology for urban tunnel-type utility tunnels

— Technology 1-1: Development of optimum design capacity and cross—section
optimization technology for urban utility tunnels for various accomodations (more than 3)
— Technology 1-2: Development of global standard design technigue
(LRFD) for tunnel-type utility tunnels

— Technology 1-3: Development of safety management technology for
life—cycle and different accomodations in tunnel-type utility tunnel

[Project 2] Excavation rate prediction technology and rapid construction
techn:ques in steep curved section/special ground for urban tunnel-type utility
tunnels

— Technology 2-1: Excavation rate prediction and computation method
using analysis of shield TBM construction site excavation data

— Technology 2-2: Development of shield TBM propulsion technology and
stoppage device for steep curved section (R30m size) in small-diameter
tunnel-type utility tunnel

— Technology 2-3: Development of rapid construction technology (downtime<40%)
for special ground conditions in small-diameter tunnel-type utility tunnel

— Technology 2-4: Establishment of full scale performance verification
facility for small-diameter tunnel-type utility tunnel

[Project 3] Development of a rapid construction system for vertical shaft of
utility tunnels that consists of noise and vibration controlled shaft excavation
system, tunnel—-shaft joint reinforcing system, and cutoff grouting technology
— Technology 3-1: Development of a noise and vibration controlled rapid
(>1m/day) excavation system

— Technology 3-2: Development of a rapid (>1m/day) lining construction
system with cast—in—place and top—down construction technology

— Technology 3-3: Development of a tunnel-shaft joint reinforcing and
inflow water cut—off system (depth>20m), and cutoff grouting technology
with biopolymer—based impermeable material

Resul ts

o The development results of this project is to achieve a total of 27 key
technological outputs, comprised of 13 construction methods and techniques, 3
equipment, 4 materials, 4 policies, 1 software, and 2 etc.

Expected
Contribution

o The key urban small diameter utility tunnel design and construction technologies
that will be developed in this research project will contribute to 30% decrease in civil
complaints, 20% decrease in construction accidents, 10% decrease in construction
costs and other exceptional economic benefits.

o To utilize the technologies developed in this project, active attempts will be made
to apply the developed technologies to small diameter tunnels such as electric
tunnels, communication tunnels, utility tunnels and on construction sites of
participating institutions.

o The outputs of this project are applicable to both large and small diameter tunnels,
including transportation tunnels, mining tunnels, storage facilities etc., construction of
SOC infrastructures such as tunnels, harbors, dams, roads, railroads etc. and
foundation excavation for urban structures. The outputs can also improve the guality
of the concrete structural code, concrete standard specification, tunnel design
standard and tunnel standard specification are expected to advance Korea's
construction capability and competence in various underground structures to world
class standards, help domestic designers and constructors to enter foreign markets
and contribute to the exportation of technology.

Keywords

Rapid Sharp curved LRFD

Utility tunnel Vertical shaft construction excavation
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Gradient Boosted Regression Tree (GBRT)©]™, python (version 3.5.4)
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FRIAORFAEEEHEOER STANDARD SPECIFICATIONS I A OERE [EXETRR]
FOR TUNNELING-2006 ~FRSHEENE SRR EE T -

: Shield Tunnels

+XkeH Txe¥a

<I¥ 614> A& BEe] SANH A =

(2) wl=

N

AMERH, 7 T g 5o #A- FAAA ZE oY JleEs AA s
o, AeFAe HAEAAVIES AAste] wrdsta Y= FA o)t
T3 (US. Department of  Transportation)o] A+  “Design
Recommendation for Concrete Linings"S AA|dtal i, HU}p FAZHoRE AWE=H
(Federal Highway Administration, FHWA)ol A 7] 2 XA 55 AA st Atk
20063  AAFH  FHWA, Road Tunnel Design Guidelines(Publication  No.
FHWA-IF-05-023)0ll A= B2 9] A&, AL, AA(AFARE 5, bt d, 53wk g,
FAT, JAuEgd 5), HAEE, WAAA, d, s, =, 37, AlE, TBM(Tunnel
Boring Machine)s ¢ W&& & YA o5 Atk 1 9o na3HE(U.S. Army Corps
of Engineering)ol4 19973 5€¥¢] "Engineering and Design - Tunnels and Shafts in
Rock, & #AlAstdom hwtejde] AA-Algo g -&o] vz FAstA 7]eso] 2
=3
n]=ro] NFPA(National Fire Protection Association)olA&= "T=ZEd ww 2 7]gF H
o] A Fxo nEEE WA ZF(NFPA 502 : Standard for Road Tunnels, Bridges
and Other Limited-Aces Highways); = A|7g3sle] WAL HAA]7|F=o 2 83t
2 7S H2 20119 AAREHSNeH n&ER EREHYE W wtER TE ds 7Hd
TxEo gk YAAA VES FHEAT AMAE TFdAE B dojA AFs7IEke
AA(PBD, Performance-based design)& U< S8t Bde] A dagle] & H
do] shAlet b Al =dlol] QlojA FEA EFAE US 87etEs AT EE A=
¥ MH (Chapter)dl A+ "534 438kA| ~®(Fixed Fire-Fighting Systems, FFS)el] tfgh
7ol F7HHSA AL, Al =" §1E Jrol=gkdld F71HQl Bl 2Ee| gk Qe o] FUt
Holoh vl AN EEAH HERAEAE Ve, AF, dEEo]l dom ofgfo] ;xep ol

e sfo] gkt

gEdoz Ay W

- 167 -



<} 612> "= HELAAVE

e
JIE, W&,
B8 18, NY, e s P
Driling and Preparation of Reusable, Long Range, Horizontal Bore Holes in 1975
Rock and in Gouge
Cut-and-cover Tunneling, Volume 1 1976
Aerial Remote Sensing Techniques for Defining Critical Geologic Features
. . . 1976
Pertinent to Tunnel Location & Design
Earthquake Engineering of Large Underground Structures 1980
Highway and Rail Transit Tunnel Inspection Manual and the Maintenance and
) I~ 2002
Tunnelling | Rehabilitation Manual
Highway and Rail Transit Tunnel Inspection Manual 2005
Highway & Rail Transit Tunnel Maintenance & Rehabilitation Manual 2005
FHWA Road Tunnel Design Guidelines 2005
Underground Transportation Systems in Europe: Safety, Operations, and 2006
Emergency Response - June 2006
FHWA Road Tunnel Design Manual 2008

(3) D=

<% 613> 9= HaAdAYE

= .

T U8

Ganeral

requirements

Felarances to Standards
European standards and Eurocodes

Matarials

Standards
Concrate, reinforcernent. precast concrete lining, Spheroidal graphite cast iron
lining, steel turnel lining

concrete constituent materisls, watarproof membrans,
Gaskets, Cement grout for cavity grouting. packings. grommets and balis

Jacking pipes, supporl arches(lattice arches), spiles. dowels, rockbolis. sprayed

Methods

Excavation for tunnals

Drilling. Explosives

Tirmibering

Spiling, dowelling J rockbolting

Sprayed concrate

Forepaling

Graunchwater

Prabing ahead

Break—outs from Shafts and tunnels
Tunnel baring rmachines(TBM] and shields
Fipe jacking. grouting

In—situ eoncrete linings other than sprayed concrete

Graund

stabilization

Comprassed air, ground freezing, dewalering. compensation grouting

Warking

arviranrmeant

Electrical installations
Vantilation during construction
Lighting

Maoise and vibration

Dispasal of spoil and water
Leakage and infiltration

Ranevation
and repair

Repair of brickwark tunnsls
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9= BTS(The British Tunneling Society)®} ICE(The Institution of Civil Engineers)”}
TEox  [Specification for tunneling; & 2000 =o A)A3A 1, 2010 3rd Edition©]
MA-=3F Hdom, ol SEyete] HAAVIE H ZFAIEA A Feke S 7RIt
"Specification for tunneling; = Y& HEZITAI YA} vA7IR 2 7]E9] 7] oish
oA, vl&, At T& WSt Fo WE&ES MASA L, 200490 F71= BTS¢ ICE7F
T% 2% Tunnel Lining Design Guide AAsrE Tt o] 7tol== NATME Y] A%

Ll

Eld SAgE go|d ) £APE goldinl oy} AuyHde] AOYWE glolYd T Ty
sk gloly o] iAWy AATE, WY, F23E & s thFa o ol A9
T8 AE8AEES I FEA A, O]ﬂoﬂE AxFs A5 2 FAFEd geide 3
ZbolEE AAlsta Q)

4) 74

EC(European Community)2] 5% framework &2 13¢] d3%<l FIT(Fire In Tunels) =~

SAEE B9 STUVAS] Prof. Hackel $52 #9500, $Uaelsd o), aemey
shAl 5 b Mwshl wAE HasAel fE ddEe Fnsed 24 FAT AP
ZRAE ARBE A AR AL 5L chelsh 2ol A4

<3t 6.1.4> FIT Z2AE HAAAF HAXAZH

L] HE
Technical Report — Part | Design Fire Scenarios
Fire Safe Design — Aoad Tunnels
Techrical Report — Part |l Fire Safe Design — Pail Tunmels
Fire Safe Dasign - Mefro Tunnels
Technical Report — Part (Il Fire Sale Design

1 099 £aYE 5 HY AFAES #Hy VEES F2 539 EFNARC (European
Federation for Specialist Construction Chemicals and Concrete Systems)olA A A&k A
= 7, 7rel=ekel, AW & WE3 k. @Al EENARCE AlAl 249 EE-A5E A
FZIAF Bo] FEata glon, 53] £AYE R dojME AA ZF:H o] umEEHI

<I 615> 5% EFNARCY ©aAA 7+

= e
1996 | European Specification for Sprayed Concrate

199% | Guidelines to the Sprayed Concrete Specification

Exacution of Spraying (revision of Section B of the European Specilication for Sprayed
Concrata)

199%

2002 | European Specification for Sprayed Concrete: Checklist for Specifiers and Contractors

[Sm:ijri-rmian and Guidelinas for the use of specialist products for Mechanized Turnalling
TBM

2006 | Guidelinas for testing fire profection systerms for turnels (draft)

2003
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5) 718t =8 A=

CEN(FHE57]1), BSI(A=EF=7]7), CSI(PZAHAEI]) Solldes 538 2=4
AE &8st 7l&S #sta o, 53] vo9 F§ CSIe Masterformate] 2h= %
15

stel He 9 EFRAAE AFESte] AlWA ARE #AEsta, AAEH =E 9 cost dlo
ofol A 5 F = 93 7]uke AFsbar Atk 1E‘r AN 2P F3 o
ISO, Eurocode, BS Co

>

1

= de ¢ 7IE=A0 7NN wrdel wel AUES 45t 9
o dE vS, 99, EU & A9 71s7lE A8 3 #dste] #elaA 2 A A
Ao AMRY, @3 5 URRRA /%727 BEsle] st ste e
ata, ARA V%7 Ee TRAOR ERsle QFAHow ok AL FAM,
Ao D Ao A AgH ANIFS AAds] AFYS AN ste] Hi 2
U=, @I o FYete] A sk VIsveEs AAAel TR Hu|d 9l
= 5 9)

ste e FAS A TASAA BAS Al ofuiet o] U9 = o A&
He et i 2 g8 A AESAH olE S wul(d=EEEts]), YE(JSCE), =
(FHWA), % (Eurocode) 55 #HE3F T}

<E 616> T 4= HEd A&HE sted i R dE A
SIEEF s (s 1]
S {0128T)
F6E S
aEeis Xz 83612288 (208),
REE X &35S HIOYE Z23=
E3= NEHa5i0) =&
DIZES
HEY
o JSCE
= Geo—code21(2004)
N
ATH5HE
DC : Dead Load(the self weight of the structural components,
nonstructural attachments) FHA-NH1-10-034 December
OW : Dead Load(the self weight of wearing surfaces and utilities) 2009
Technical Manual for
EV : Vertical Earth Pressure Load Design and Construction of
LL : Vehicular Live Load Aoad Tunnels Civil Elements
WA © Water Load
v | o oa % 48 W BoAH & R T R (2008)
S N »g URHCEEIIEATL
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s

gatz

258

NBAN at8

XN&GHE

LieStE

JIELSIE

HEEWY A

g8 sre] ae

HOHE cloi'd Al
UGS

Permanent

(6)

Sel f-weight

Internal water pressures

Shr inkage

Initial water and ground

Temporary fixings

transie
nt

Variable
Q)

Internal water pressures

Thermal effects

Grouting

Hydraulic rams (TEM)

Construction equipment

Testing loads

persist
ent

Permanent

(G)

Sel f-weight

Ground

Water

Existing imposed |oads

Future imposed loads

Unloading/dewater ing

Internal loads

Variable
(Q)

Existing imposed |oads

Future imposed loads

Internal loads

Eurocode
(PAS B810:2016)

At w o) sk A G AT EA Y <

AE 200 A7 FE =<

-
AAsH, 5 RAE A

(\}) AKulicki et al.(2007)

~4z Akl

(t}) Huang(2010)

RAE g9 gt
e

T=2.33(Pf=1%) .=

(2) BehF71HE(LCC) HAastrIRiol o3 Wy -

RERE R R

ste] LRFD A@dAFE B
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(3) A AraLE Al

(7 H Eurocode

(Reliability Calss, CEN, 2001)= 3WA| = -85}

(A F = Ag)ze] AAZ 245

- 172 -

29 AdEE sl A TF
ME}.
<E 617> 7xE I EE 183 AF %= T (Reliability Calss, CEN, 2001)
Reliability 5 Examples of buildings and civil
Class " : : engineering works
Low consequences for loss of human life, social Agricultural buildings, silos,
RC1 and environmental consequences small or
- greenhouses
negligible _ _ -
Medium consequences for loss of human life, RESIdentl.al an!d _ofﬁce building,
. . . public buildings where
RC2 economic, sodal or environmental consequences .
. consequences of failure are
considerable i
medium
High Consequences for loss of human life, or Grandstands, public buildings
RC3 economic, sodial or environmental consequences where consaquences of failure
very great are high
7 eaEE 1dy 50d B s Hg ARE AFE tad 2ol Atk
<E 618> A E vgk AFE A5
1 50
Reliability Class e e
reference period reference period
RC1 52 43
RC2 47 38
RC3 42 33
@ 3 APE L AH Ede] It AAEE weld P
(7}) Baecher and Christian(2003)2] &3} 85 3 ¢
oAe FFHe FaREC W ALY, ALY AL A3 B T4 §S o

i)

ot

it



P Approxp

100 T 1 r 1in1 e
"MARGINALLY|ACCEPTED
by S I
£ w0 ( éﬁ_ shipping 1in 10 1.3
g mine slopes
& 1 1in 100 23
5 *ACCEPTED"
= ~L
= 0.1 fixed <
g ngs [~ 1in 1,000 3.1
= | .
0.0 dams 1in1
o 1 n 10,000 ar
= LNG faciliies i ™
2 commercial
g 0.001 [ aviation +— 1in 100,000 4.3
0.0001 I z
fves bost 3 0 100 3000 - Eif‘l 1,000,000 4.7
cost §m 1 10 100 1000 10000
Consequence of Failure
<a¥ 615> FAH S FHSEIFEHE ZF)E AA

o T e A AE AAVIEY EEAHE AT

T2 T=aE2 RC2, ASHTO LRFD$ CHBDC7F 3.5~4.0 Atolé] sLd #=Fo] A
FES AL QAL FRIES] RC30| 42602 7HE & AFE FE5 /ML de A2
= UEh

<& 6.1.9> =ul-o] FALEHAEAVIES] SRR E A5

T ERNAE AT
EFuAArIE(E) KRL 3.72
AASHTO LRFD AL 3.0
CHDEC CHDBC 3.50
EuraCode EUC 4.26
JCSS (Joint Committee on Structural Safety) JCSS 3.70
Swedish Transport Administration STA 3.72

ol 59 @AZHAANE L ATHEG e AAAY

() =9 F8 AA7E
23 #2535 AAMLRFD/LCO)S 7247 okl WA A& =A5ar, AHTofol

g ow Ao =957 Agsgor, Auicke] A% FAAGAM WA A

o] Eurocode7(1994)oll A A A7 o2 e E 7] A2 T}
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WTOAA 2 #AEE7FUSOVE 4= 5wl (LRED)% 4372 (CEN)e] 4%
S 972 AEFA AANES TES e 240l BT Qo oo wet @7

BE ARl AL FAlel At

dorol A= H SCL, AladEgte|yd FZAAA Eurocode 25 %A 83}9] cross rail,
thames tide tunnel, high speed 2 9 *] Eurocodeol] <3&}o] A4 % At}

EUROCODE®] w3 # &= British Standards Institutionol A 2015\ o) draft® #]A] g
PAS 8810, Design of concrete segmental tunnel linings & WA o=z F33 . PAS
881001 A= Bl'd Tholdol thete] S3H&HA G (ULS)9F AFEHAIZEI(SLS) & W o= d)
Aot 3 A e (ultimate limit state)oll A 28 & Algre x5 AAFHFH(EQU), +x*
= e FAe WA 9y, R (STR), A6k st ef i3 (GEO), F-Hol 9% =
=3 Aol HY(UPL), FF7dAbel ok ol ok s, fF-F213 sto] g (HYD)ZEA,
g ghold HAEAC] i@ AFge STR, GEO, UPLo|t.

X X X F X XXk
sqg X T¥ ‘I !
Sd rre k red ] "
n =S AASHTO LRFD W #HAA 7S 13(1994)ol A 712 F+Z 5 A AN A A
9 e8] AFE ol F 2010dde AARoA BFE = wE wae] tjste] LRFD

AN X1 XQ = @Ry

ARG AAN ez B A8A7E Al&ste] 2001d0l = &7

dEo] A9 1997dFH st
AR A A Z ()& A A B AL, Geo—code2l(2004) N A H-E A 57wkl SHAGEI A AR S =
AolF o AE B9 FFA WA (standard specifications for tunneling, shield tunnel, 2006)
of MaAHEMEA N SAGHEA Y] vrdE o] i &S HdAHI vt A7 T
e At JSCEAAM &= FestAldH oF AFESAGEHE ddos tar, 7 A e whet
TZ2= AT AEAT, stsAT, FAAT 55 AT
1 X1y X1 XFnE?}nE?’b

BA7VES AS HE gold FRAAVIES dAGH HAAMES =9F SS(Singapore
Standards) CP65¢} BS 5950 7]#°o = gt}
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(2) =AEM =Y AAMY

PAS 8810(2016) % Tunnel Lining Design Guide(ARUP, 2017)o A=, AMI1HE ZQIE-]
Zhgete JsH g5l el F B3 S Yol wAskaL ol g AFSH Y A&
2 H%/\B(burstm yol WHAEh= Ao Auro] Qi) malk v AH(bursting) S Yo7+
ZRJAEANA 9 =82 *J—r‘ﬂ 8F %9l E (circumferential joint)o] A F¥€<& 7lsts= 2 -$-9F
W Wer ZQJ E(radial joint)oll FH o] dEs& 7o At 3 AIHE ko]
A sh= W A" 8 ¥(bursting StlfeSS)O ik FAYES AL o] o]ojof AR o]
s RSk Robe Aew dEe B d8% Aow Holglth

H (flat) g+ wHEREF ZQJE(radial joint)e] SHEXE AHASHE Wl Simplified

method, Advanced method, CTRL method”} $1.2.9, Simplified method”} 27 Al o] &
|9t} Simplified method= A& Aol 589 Fx7F HEYHo2HE A
st 1 Aolo] we} Agthar 7p s, HAE A SHEEE ¥ Zo] 47}
Po =z 7pg g

N= N+,

G Segment G Segment

Ty .
i |

=
L]

L

-

-

w
—_ — o — - —
W

e
ks s 2 Rt
i 4 | vz
) Y ) t i
(a) Stress diagram for joint closure (b) Stress diagram for non—joint closure

<19 6.1.6> Stress diagram for non-joint closure

< 3F %<l E(radial joint)¢} TFE
A 2=JES 3 el 78kstAQl 4, /‘ﬂl”d =3 § F Alole] A o ESH
Sk

of whet 7 sj=elA FQIE

2 AdEE , 8o HaHES AA Eo
AAA Bxstez gurek AgsES> ag3 o] fFrdu. WY (bursting)ol o3k 1%
8ol AIHE AR 3ESHS 2yt A, 29 AFSHo Agstr] s B
ANE Fupsro = A x| stk
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& e » Ram Pad

1
\f—b &
M ik

o . (b) Longitudinal distribution of bursting
(a) The distribution of ram loading ) )
. . ) stress with a segment subject to ram
and circumferential joint contact width ]
loading

<219 6.1.7> The stress distribution of segment joint (ARUP, 2017)

B 28 £ (bursting stress)

Leonhardt(1964)¢] ©] &S 2 /‘1,
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} 050,
oy

Y-

4] d

(b) Elastic distribution of transverse

(a) Transverse stress distribution

tensile stress for rectangular end block
<219 6.1.8> Tensile stress distribution of segment joint (Leonhardt, 1964)
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2. B4 B4y FFT A& 9% % IITWEFAD

A F7&

U9 TBM =x14d% dSEd2e AFHAAE Ao A% Chang et al. (2007)%
% ) LAY thE3l 24l S A &g Chang
et al. (201D)E o] St} o] RHE2 dfele] CSMEEN} NTNURD O S 4y oz
Aol dHolH el =l 2 Ao ik "AAAFS Foto] vdd dASEAS 1T HA
of xS AAstA L, AL, A ddZol(p,,), HllUX(sE) & o2 7k
< AT 5 A YA = NTNURR ) o] 5543 A3 (Siever's J-value test, The
brittleness test, The abrasion test)& L7-3l= GEQAR diale] AFA7E BHE dAgo o
H ezl A A 58 & dv d3AAE QAR agste] qFEAES Abetar
th gk vAdEH ol FEFIAgre] #AE w9 E3g TBM =345 d5E45 4
st7] A A EdolA o yolrt QlEAe S EET HAsE VHE E=Yeta e
FAola, 1 7hsAdol oAy AFAEe 93 AT Atk (Martins and Miranda, 2013;
Yagiz and Karahan, 2015; Yagiz et al., 2009; Oraee et al., 2012; Mahdevari et al., 2014).
E2 FE oM 2 dEFnde vE 172709 dF3ARE EYE AAEY 7
of dntslate] &3] ofHrh H, wUe B¢ TBMY =345 9
7IWe] Aol g A= oA wHE HAABoln AEA T g 4
Bedol Holuar, 71AI8ES A&7 Wil AR d dHolEH o] 27
e 228 ggete] Aol e AEHI d5rds ]
£ Sl A AAE TBM A% o5 24
171 &olgt 9%

ftlo
fl
o

N U.?E
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Rl
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<¥ 621> ZA& wdo 3t &3 Ay

F8 AX
NO 28 YU A M3 &2y 48 FHUA 43 et BIE] =7t
O]= A ABF
Alireza Salimi et al et Field Penetration Index 6.73m
a ' Wy 2 FEHA . ucs, J, - Eg
2015 AZE HEHA (BN cutter/mmTev) (TEM =)
Jafar Khademi b TGEIARS Field Penstration Index
2 - - Ucs, RaD, J, « - ot
® | Hamidi et al, 2010 5t HAHUENARS (s¥/cutter/mm/rev) 515m FaD, £ ]
IWensour
Penetration Hate 5.2m
h b : Fo F, F - ok
a Hedayal;gﬂeh et al, oz 7 (m/hr) (E14 Za) o F. F |
Yasser Mbbarral et _ Field Penstration Index
s = a7 A -
t al, 2013 ks HEHAES (kN cutter/mmirev) 4525m UGs, Ly ol
0
Javad Gholamrejad et - JR— Penetration Rate
s - , DPW, RGD - ozt
2 al, 2010 4 3 2z (mbe) ucs, DP !
a Specific rock mass 36m
@M Gong et al, 2009 ¥ 3 HHEOEZA RS boreability index 33m - =T
4 1
L (sl/cutter/mm/rev) (Efg =aA) ucs, Bl J, a
Zhive Zhao et 4l a Specific rock mass 36m,
2007 ' HhH | AZHAMNEF: ENN) boreability index 3.3m - ArzE
(kN/cutter/mmfrev) (HY WeaA)
Saffet Vagiz et al, - - - Penetration Rate
e 2 =4 706 ucs, BTS, J., FI E}7
: 2006(1) = HEe (m/hr) " : 71
Saffet Yagiz et al, W Penetration Rate .
iy 2 ¥ - Bi, FFli=a:,J, My vy E{7
2006(2) M TEARY (/i) i, FFl(=a,J,) — 171
Saffer Yegzetsl | wae UEHALY B
Saffet Yagiz et al, HHAELSEA RS
2008 = 212 4129} £
Saffer Tesiz et 2 wy | uRR AL B3]
IVertins FF et al, - AZEAHHY ) R
o 2013 =l Q2 4 n Pmt:it'f) e (H?L'*D Ef,'x) UCs, Bi, DPW, @ - EEFE
- - m/h g A3
Ebrehin Cleeeri et | wa 7] o
' FETE
Hybeid Harmony
Saffet Y t al
e 2;;";2 B u | Search(HS-BFGS) 2E)
Grey Wolf
Optimizer (GWO)
Satar Iahdevari et UEEAEH 706m UCS, BTS, Bi, SE, TF,
u mm/ i e olet
1] al, 2014 iy 3 HEEWED 4] Penetration Rate (mm/min) (Bl 220 DPW, o P, CT k=
B HEOEIARE
o K, Orage et al, 2012 uhy 3 1aEHE Penetration Rate - UCs, DPW, RaD - a4
-] wEHA
@ J. Hassanpour et al, st g HeFAE A Field Penetration Index 6.73m - RMI _ £131
2009 ° CHEHAEY (RN/cutter/mmfrev) (TBM 22) Ucs, ReD
RICI
® J. Hassanpour et al, w7 CeEAEY Field Penetration Index 4 55m e R Ei3)
2010 s LEHHES (kN/cutter/mimyfrev) (TEM ZA) )
ucs, J,
J. Hassanpour et al, - Field Penetration Index
2 3 THAEH - UCs, RaD - E|7
® 2011 = i (kM /cutter/mmfrev) 91
® | &, Benato et al, 2015 by 3 BA 2y Penetration Rate(rm/rev) - ucs, Gal, -Fy o] galot
8.06m
_ 382m o _
®| Chang et 2 2011 w2 SEL IR Penetration Rate(rmjrev) UCS, BTS(5), S, - HE
793m DRI, CLI
(TBM )
RaD, overlead
factor, UCS, water
® A G Benardos et al, Wb 3 912 a1 20 Pengtration rate B table surface, Rock ~ 281~
2004 (mfhr) mass weathering,
RIVIR, overburden,
permeakility
Field Penetration 943m
® | &, Delisio et al 2013 w2 LEIAEy Index_Elockyl (TBII\J'I 221 ucs, J, - ARA
(EN/rrg/rev) -
® Field Penetration
® A, Delisio et al, 2014 w2 B HAEOE AR Index_Blocky? - ucs, J, - A A
(EN/m/mm/rev)
thrust per
M Alvarez Grima et REHA Penetration Rate cutter
[} w2 i - UCS, CFF, RPIM ’ Hgsic
al, 2000 < EE BRI (/) cuer | TE
diameter
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<E 6.22> 238 4R AEN =

R R

=

>

* UCS: Uniaxial Compressive Strength

* o Angle between plane of weakness and TBM-driven direction

* DPW: Distance between plane of weakness

* Bi: Brittleness Index

* RQD: Rock Quality Designation

* RMCI: Rock Mass Cuttability Index

* J Joint spacing

* J: Joint condition

* I+ Point Load Strength Index having 50mm diameter

* J: The volumetric joint count

* BTS: Brazilian tensile strength

* SE: Specific Energy

* TF: Thrust Force

* CP: Cutterhead Power

* CT: Cutterhead Torque

* csM,_,,»- CSM model basic rate of penetration

* F, fabric index of Q system

* 7. The ratio UCS/cutter load

a

* Ff: logArcSin(Smaf*Sm(at—ozs))

* PI. Punch penetration index

* F,. Contact force applied to the disk

. GSII Geological Strength Index

* S, Brittleness Index

* DRI: Drill Rate Index

* CLI: Cutter Life Index

* RMR: Rock Mass Rating

* overload factor

* overburden

* water table surface

* permeabilit

* Rock Mass Weathering

* CFF: The Core Fracture Frequency

* RPM

* Thrust per cutter

* cutter diameter
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Y. 9 ¥+ £4=TBM g4 8% A5
AT E Esle] B QAo 9AF meA= FES A= TBMEYE a4 #5359
. RS Eato] 273 Ve ARE o #F9F 2ok
<¥ 623> 4E TBM A &d84 718
T & Ul &
& g QAN WA= FET B
Hd +7 5m, 6m
HyY Ao °F 4 km
=X 7k R200m, R60m
2] ak AL HAEZ
Te A% i, 219, B2
7] e} e TBM €= &9 28(52 7 45m)

<E 624> 4¥E TBM A T3 FxA 2

k)

AR

e

O HYE g 71
O RC MIHE ALE-
O Joint

(A&gel gt
O WA FA AL
;‘<1-)

PN
T
SR

<> R200m -3t

O RC AMI1HE A&
O 9345 E g5 Steel MIHE ALE-
0 dEEEe] 4§ 774 3molste
Steel A|ZHE & &
ST@dolr A8 &ol, 7Hw)
O FAF
o A3 TBM A&
(ARES o &, Atg e AEEY)
O Steel MIHE A&
(Steel A|ZHE <Qto] ZaFE L)
O Joint (A2 53 2E W24 AR
O BFAFA AHE
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<H# 625> dE o= AOHE H3)

ATAE AF AR
O 2"A2HE + RC H]:LU*E = stolH = A
OHEMEE C NM M1H
O t= 380mm
O MIHE 2§ F32 292 A#sg o A
HOP/H'
0 oA g e ABHel ¢t 29 F 4
ol & HUEA Kok Helo] ohy
DAIHE B3 AFe TUSE F9

o AAH 2 AHA AxY 54 24

(1) 791718 424

7F9 A (Copy cutter)= TBMAH 7} 403 S wel A& =x1+95 $34st7] 9
A AFiEgor dagh oFFS FstA ALY F dojof doh durHo® Ae]A
718:= TBM ¢S50 3o r o5 1A HEE ol&slo] AF(nfi)d dAT A=s v=

= AMgE o] 71y AEH s FRAH<KIE 621 (a)>). TBM =& FWHoz AAHo=
F7tEF S AAEE AolA AE(gauge cutter)$t Blusle], 719 AEE YstE REy &
=8 = Qlojof (<™ 6.2.1 (b)>).

Over cutting zone

I Over cutting zone
T T
/"" e T ,.-""__ - __—q'_:ﬁ‘-?.‘xh
/,///.' '\\\/ // = \;\\ /
- 4 =

/ 4 \.\\\ L\

[/ \\\\ f_.,- \\_.\\.
Il'lll II."’ .\\\I \\'. \
[ | TBM outside diameter | | | TBM outside diameter | |
(i e -
\\ /] //
\\\ ;/ 4 ! //";

B /' 7 y /
\\\\\ Y 4 ///
) 4 ~ =
(a) Gauge cutter (b) Copy cutter

<% 621> FF9AE S AolA AE e oAZFAA W9 xfo]
JdlA ol Iy AEH = EARNFS Ao w dta 79 AR Y dEHE <9 6.22>9 7t}

Chanchaya and Suwansawat(2014)+= A€ Feo 719 AHE 7} 4900 AR sko] v
o] EARA|W A EPB 2% TBMO Wad xdo dis] AFsAth<as® 6.23>).
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2719 ZHAEE o] &3l EAMA M
3 ATH<IE 6.2.4>).

Hargreaves et al.(2011)2 TBM %H] 2] %9
ol Hdl 127mm =S A3t T3 b

<19 6.22>EAA NS 719 A E 9] 3 E
(https://www.alibaba.com, http://www.bewarder.de/tunnelling.html)

<19 6.23 EARA R ] Fa]AH 9] A X @ e (Chanchaya and Suwansawat, 2014)

o [z

o A B
X .
SIS S
e G wl DA .
=Z=ss AL, |
srosE .“II I

<9 6.24> 7oA £39 TBM #AE = A Al(Hargreaves et al.,, 2011)
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TN ST e B3R o=F
), TBM =7] % &g o3 274
R)A =l g 7197 B A=
SFE) &7HE A AEH 2o
El7F wl$- AlgA o)A vt JTSC Report(2015)ell

77cmz 249 A& & 4 9vh. 28y oJ=2ol= TBMe HE|(53]| front shielde] Z
oo wrebA AAE7] wZol R R309 w7 AtelA 7.7cmE AAE = A ofyr) vl
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