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O ‘TUNCONSTRUCT(TECHNOLOGY INNOVATION IN UNDERGROUND CONSTRUCHON)E A5}
W HY A8S 59 e Y 29 A2 024 410 A PR Ao| B
O 'TUNCONSTRUCT 9] 4714 7| Eof 5 FAZ|&/WY Eopii= AR & &
ZAN7IE AT 2L TBM A3 A 9 AIHE fute =2
- TBM AHI= HAA7|& AAs 145 t23AH, 1485 AIHE 59 7j&dH
A oA 3439 Y(EU 7]HF 1899 ¥ xdHS EX
- TBM3H &g 349 50% 7FHFS AA|ok= tATAES AOHES] HlE A4S 4%
% &4 FETEN}/|EATY. (2015). FETE R&D SFRAF A 42 Eok
3 Hof & ‘FAZZAANE HoloA TBM 299 a8&%F ZIZA AL}
Iy RESS Ao EN 22 884 FAE =X

[38 2-2] ‘TUNCONSTRUCT 2| 7{'L:=0F

Innovative processes

* new seismic probing systems for TBMs
= new computational methods for prediction = tunnel face scanner
= new numerical simulation software = mobile multi sensor systems for inspection
» coupled DEM-FEM-BEM technigues = new low cost 3d-deformation laser scanners
= new matenal models for rock and soil = TEM steering optimization software

= knowledge based systems (Al-technigues) = decision support system for cyclic tunneling
= fuzzy logic techniques = Underground Construction Information System
= new data visualizations, Virtual Reality, ...

Innowvative technologies Maintenance and service

YLy big diameter TBM's (> 15m) = new sensors for structural state monitoring

i ::::e._:isszdcf:g:nijgfir:rgr::t?::rin - non-destructive, automated, longterm stability
, i = minimal interference with operation
* Intelligent road headers (steenng software..)  §, ...\ mobile data recording systems
: autom;\tltnlr'l :ﬂ Shﬂt':l'ﬂt':g ':;'7":"-"‘5""3 - + new robots for inspection and service (IRIS)
new sholcretes, new concrete segments » ESITml (Europ. Stand. Integrity of Tunnels-ml)

» new types of additives, foams, explosives, ..
= new safety concepts (sensor networks)

= maintenance management tocls

X &X : Klaus Chmelina. (2005). TUNCONSTRUCT EZHME AJ{| YHEHXIZ(STSI X7t2)
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[(12 3-42] A typical topology sample of wavelet neural network(Pourtaghi and Lotfollahi-Yaghin, 2011)

Depth

Distancefrom shaft

Maximum settlement
»
>

Average penetration

Pitching

Grouting pressure

Hidden layer with

Grout filling R
wavelet transfer functions

Input layer

O vlE SolH EaTA ot AT RS AGekT 9, ehe] ApEIL sk
ATRelA THHAo|IL X[H2Q1 R[HkRzof offt @4t A= Jlon TBM =AY
Weleh B2 BlATE TG B ALK i AT SEL e

- AstEdZAe] it gAaz FEAAHLS BTS(F=EEe3])et AB(F=EHXE 2]
s AAst d 4%

- Hl=olA= 20129 UCA(RISAISHZHERNE S40E B X A5t Ad3AIAY 7k
g A3 e ARo] AgEo] Avt HE ZZAE0| HBoleSE skl LAY, 2019)

- Sousa and Einstein(2011) ©]=9] A|sbd ZZAEC] H|o|AIQt Y|ELF(Bayesian
Networks}& 2Fg3F SiAT 2418 it vl glom, AJdofls mEke 7Riegslo] eAgs 24s)
ol= AR A% WE(Construction strategy decision model) ARt

O (Y71 2-2) TBMEIE ZAXH I FH[Q] HAIZE QFME2] J1E HE

[22 3-43] Guidelines for Improved Risk Management on Tunnel and Underground
Construction Projects(UCA, 2012)

Guidelines for Improved Risk
Management on Tunnels and
Underground Structures in the
United States of America

Pest Aadie

D UGA
SME

- 204 -



Aol AHEEE SALTE, Wikl 5)2 ARgel AlRtE7] o] Exe
/st AT A2

A5 Erre
27 sux sl wde AgEolgon] Hzo] xa
QEE AT S S

E =
71_4. @%/‘]'Oﬂ Z‘l =1
7l

- FA F4l , LTE, Bluetooth & ©¥e &4l A& AR
sto] Ao w 7‘16} ol BUEHPZ HO} FY HEHL T2 74

- Askse B4 A Mz A ARE FUAY St g6 wE YE/A gl
|oIT 7l SHLE AL QU=

- EAR] 28 A= ikt 2 31to] B =AY 047(}0] o= 1 FEie

dx, Hd

Aoz quds dd w4
9] Kolo] S8 2. B0l ule) Ayl

0] T95M 017474— ol A

5l

J8AH7 o7k 4

AJ—]:HX%_}?_L_ T]O]:

H 3-32] TBMEHZ XXt ¥ FH|Q| HA[ZH QHPE| J|& &H FRI|= A HA|

e =7} 719Y = £3
. . ot ¥ X ZLHY £2M
ATHO
ALQI Worldsensing Loadsensing 74 O|mat DLIER AJAH
0= Caterpillar MINESTAR St A ol 3 AH| OFF e
0|2 GE CAS SHH 35 YA AIAH
TBMEZE ZAXt - 5 -
9l &fH|O| AA|ZH oz MST |MPACT Klot g4t S, K32t
orRITZ| 7|2 Tracking System oM | £2NM
. XA = X519 AtH| 2 01249
==Ye] o — o ]
=% INFSOFT Tracking System ox| 2X ofMmY
AQA RealTrac RealTrac UG 2yt 017t S5 YA
BEW Z2UHE 3
O
E IWT SENTINEL S4l AAE| 02

- 205 -

BEAEAE o]8st RUEFY A|AHE &HE51a1
Ry oh AL BAo=R 1 9lout Q)



[12 3-44] Worldsensingiit2] ZLIEZ AJAEH

CONFIGURATION
APP

WIRELESS DATA

<
LOGGER LONG RANGE CALLS, MQTT

. &FTPPUSH)
CONNECTIVITY 3RDPARTY
MANAGEMENT SOFTWARE

TOOL

GATEWAYS
INTEGRATION _
INTERNET ¢ OPTIONS .3 ‘='
T e R

SENSORS

X &X: Worldsensing &H|0|X|(www.worldsensing.com)

- QoA FAIA FASA TIee B8 AdA 3 Ane) ARt
JiAes &ds| Y

- CaterpillarAle BAOIA AL ule} Qe pefsh] giste] BUEY A2ge 7%

-

e 7ol

- AARE AllE B, SR 9AIE, 1F H AH ol ARt B4l 24 'R A"

2g3to] ANTE A S V14S A8

- Hol F8E AEle NATM @42 SH2=E HEHe oz gdsn 44

ZJ_. o
HE, Aol 2, fEAS FE, {3 7k HUEHY S5 ARt gule] fA] A 5=

o) M2 T2 AYS PR AL B

il

N

Eo] HY9 A= F2 AHoA Ay} AH|9] o]Fo] o]FojX|7] & A4St FE
HIXE Q5 A|AES Zhxly 242 T3 A83F Ao g WKINSOFT, RealTrac, IWT 5)

[O23 3-45] ZUEE A2 HE HE A

&

REALTRAC UG FUNCTIONS INCLUDE

position, movement,

and utilization monitoring Cmugency motae

broadcast
digital data
digital voice and telemetry hazard?w zones
&0-Tenc
‘ panic button @ ing)

Tracking of Cleaning Vehicles and Personnel in a Tun:
SR

nel
NG
N

(\ :

man-down alert ;‘

proximity detection & H R % 22 Wl(r
collision avaidance f ﬁ {2 )

% EX: INFSOFT(www.infsoft.com), ReakTrac(real-trac.com), IWT2| SENTINEL(www.iwtwireless.com)

- SiQlol Ag" FASA IR BEUEFE AxdEy bddE Vel WRE FAtold
NATM EfdofA Adolut gujo) HAF4, &, I+ A, &4 ZYET 5 48

- 206 -

Nt

P}

fijo




- TBMo] 48 7142 712e] Astol A8H 714 F FEUA 5 REAY £o] AE
5 2jo] glot Aule] 4, e ofF U Y T o 8% A7 A

O (F+471& 2-3) GNSSHMU 8&7|&S &8%t TBM AlSFZe] XHAS ZLEE JiE

O 2l=olA= GNSS 7[5t et BYEY 7|es A& 9 X5t A 2ofo] &€& o
Ao AA7toZ TBM &2 #+7+2 ZYHEHHY T A= 9=

- YEO] JEARA A= 2E AAY 712 59 oF %1_94‘:—' AHA| 7HH} ot AHst A4

GPS 41715 ol8st &%, TAIsl= AIAERS: sl &%

L FA FHRRE AAeke AR 54 Ve
A

- ml, Y9 ARl YAt NEREH SAE AU 71e9] e} dAlol Eeeth v A

MXA(FEMAMW Aetrga AR, Aofiefrd-ths 2 AMdE B+ 52 AR AfsieE a&de=
Yol7] Sl AR = Y7 HHAZUSE 7R

- "= 1992 Zg|zYo} FRAtHolof|A AR Xz Tef o]$ X|sfUe] A=Atk o]
Qe AAsHA =HWA =7t XK Mgzt T2 IW(NTHMP: National Tsunami
Hazard Mitigation Program) ~8(19954)

- = EHYF U2 ATA(PMEL, Pacific Marine Environmental Laboratory)ollA T4}
A9t ARAe] 715 AEste] XHAdS WIAE = A= MOST(Method of
Splitting Tsunami) T2 13 7jgr

- 1= 7 IHINOAA)NA A AXISiURE & HofE YT A=dA I W2 X
2ot HEYY] 8 XY s gAtE € A HoleE =

- b=t AERAHUSGS)S F50=8 AWfE] Ao Z203w =7 ARl msixizt Z=T1H
(NLHMS)S =38sto] ApAAbATE A3HAFE FgA] dHE #3t 45 X

- 42 20079HE A 9 Azsidof ot XHOHE EHH]OV] ATt FEHSAIAHEE =
staAt A2 9 ARSY A H7F & 19 A2t H-SAIARI(TIPEEZ, Tsunami
and Post Earthquake considerations in the External Zone)s 7550 &8 5

- XET YRHATLA(DPRI), LEXZAZAANGS))= UNESCOSt 3-5°% IGCP-425 ZE 13
3 9 A AR ZAARHILC) F=

- Myt A-RAA(GSC)oA X-As 2 A 2A3HE =2 T3 (Geological Hazards and
Environmental Geoscience Program)& +5ot0] Aoy ¥Rlo] He= A4A 9 2P
£, Aol wzdt AdEEe Aol gt &4 et =3

- SFAARAIL(AGSOYE FHOE ZAAY AAGE FHoHd B7F BAE skl TA

FH A AP HUEAT 9 SF A A DB ST

H

i

- 207 -



o

to] 547 olEA v A0 AT T 7]&9]

- 79 EU9 A7 355A2A FHS7I9EAEHECMWE: European Centre for

Medium-Range Weather Forecasts)E <%

FELE 59
@ =4 =&
O (4712 2-1) HAIZE XEHElSE 2 SAEE of-3E 7=
H 3-33] TBM gz A|AH 23 U 2=7|s AH
e 7148 HEd £3
5101 GO HISE ZHE UIEA| QRO HEE 2 &Y
- 00 71 z2 =X (ALOTHR et
Neural Network
Bl x5 o10) L2 based prediction NATM Elg TH,
EHFEOJIE_L e i i of ground surface A&E 0| 7t H[etH0|2t
—he e settlements due YHEN A0 HRE
to tunneling
J1E MIAHE - o BE 2la3 e
Hleroz 2 SRR BAL “moa NATM B2 o
O o] A9 UETBM BaolH F2Eo] WA WRE Dslel ABUE S A
AEE T AP AY gloler, webA T MM e A XIgEA] ok
AR AEjollA F7HAQl ALE HFR|shaAt
= &7l

AX =
R A R SR AL A

- 00 7199 A< olu] TBM 8% ARzt
ZHES| Fug gILFAIR} o] 43 v glont gxoj ot SAE WAl 7

- 208 -

=1
] Falz 2Hlels JHleR 7iaaso| &
- ESF AHESt A=l AAst] AT Al A
[23 3-46] AIZCHOl 2fst =AE FE=H o
::;“:.:q-‘::' R/'F C(EH“TROL PANEL RF CQN?R.OL'PﬂNEt
cam;l; E E —_—
sl .
T —
; :Q:?i! s IL ‘9‘3“
Z|< €=TBM =& et ARbysto] digt AR 24, wi7ids si4 5 ot
A 77k AEglon Solo] wlste] <17 Aol 3o}

By



sk

AeE n2IHe /fslgon, GPRIEHIH)S] 24 29 AlVHo=Z £4

- AeAle 22 AASHE
7]H]—.TLE_

A5t o2 71E9 SHl £z whEA BASkE Al

1o OO
- B H 5(2018)2 ASE, AREA, EYI(HE4E) ¥ HY FHALERE I
olAAYE Tt W HSHAE Pote] Mok BUI=RE TS5t Mol A
4 FxE d%Z 183t A9 A%l 7
- Kim et al.,(2001)2 A3A173Y(Back Propagation)< °|-83t HEZA%5 A H HolF dl&=&
E5to] NATM oA9 dAa; dglEog AH Hshs d&dle 7= A
* NATM EES MO 51, GI0|E7t 13001742 HiSHH0[2t HEAN U= LN2FO=2 AESH7|0s 01E
[ 3-47] Ground settlement evaluation by simplified settlement evaluation chart (X[H S, “18)
i ; el T 0 R i
AN A : i
o Pocooenaoen g (B il e e stionen]
(mn L\ S ree——
I il
1 | | "l 'v\\‘: -Iw il
Jo=mg T Vi I O o o B el : B
| iR = e G deottlement om0 - N A M
O €ETBMY 9L I A= FUolA 238 st A|RHst 52 AAI5H
Mo FAYAIS Basn Beloh ALY A v g

- FENEHE ARG AR dRtetal ARy A A A1 o]
Sto] A REASHEE) QhdEeE] WA (20150 AAl

201841 A AoREAI=EEHE Boll FAFAL E EIFAL Al AoREAY}E7
A71e ASH AP, A75RY 208419 A4 AE) wet 44 A4 AR
(Design for Safety, DFS) W< (2017)= vijiste] AAo HrYstE stal U
HCSTBMY] 2= B A= GIS-ANN 7TH(H354] &, 2000), AR 7@
2009), AHP 7IH(E= 5, 2016) 5 tfdst 7oz 213

@ ARk, AARE AREsE diEAtE, ASAE, AlS ERE, AR 7] SR

sk 7ol AlLR2 THEER] ke

al

=
(o)

-7 SREEIAE HY AF F HABUE 9% A3 B AA 15 4TS Sl
B Ak AR (183704, 2002 SISk U9l BHGY 24 @ gy 44 U5 o

Wk XISt oL =2 NATM

gg gppo el YETBM AT A IS

- 209 -



[23 3-48] MAOIMA ZHE INH(ZEREER, 2017) ¥ Risk matrix and

risk acceptance

. . . . = =
criteria for risk evaluation(®d&|g S, 2020)
Severity
1 2 3 4
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(8-1) . TlEI\/I & ZRS Q5 ZAIH QUA|
TBM ZA AlZS et 23 = Tie 2he s
XBIHEE 2 R|EteZt 7S Jﬂf—?—%' I1E| Jl&

@) =szn TBM| c o et FAzE 12REM Y

A& XE 7= MIHE BT FXMS Z7t 7=
(3-2) o TeE AME 0|8e =2EQ =X
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