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(—) Railway Tunnel Maintenance in Taiwan
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Typical anomalies

(c)

Possible causes

E)

Countermeasures

Installation or addition of
reinforced concrete invert
(Fig. 8a)

(Figs. liand 1j) [~

Deformation Swelling
(Fig. la) (Fig. 3a)
Displacement Squeezing
(Figs. 1bto 1f) (Fig. 3b)
Cracks Earthquake
(Figs. 1g and 1h) (Fig. 3¢)
Water inrush Abiasici

Rock anchors, bolts, or
micro piles
(Fig. 8b)

Yielding support
(Figs. 8¢ and 8d)

Ground water

Mud inrush ressire
(Fig. 1k) e
Over-abrasion Neighboring
Fig. 11) slope movement
e (Fig. 3e)

Sacrificial layer for
abrasion

Reduction of ground
water pressure
(Fig. 8e)

Displaced fault
zones
(Fig. 3f)

(d)

Neighboring slope
protection

(Fig. 80)
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(=) Maintenance of Railway Structures (Tunnel) in JR East
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s
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Inspection Categories (R EO )
Inspection type Cycle Methods target
Careful visual
o Inspection
Initial inspection Bef({re AR
service Hammer tests Concrete structure
Instrument Steel/composite structure
Regular general : . s Foundations/retaini
, . 2 years Visual inspections {retaining
inspection structures
General Careful visual Earth structure
inspection | special general | inspection Tunnels
) 10 years®
inspection Hammer tests
Instrument
i Visual inspection
Individual inspection EYEh Ame ; i A-rank
needed Detalled survey
; : ti ] After earthquake, rain
Extraordinary inspection Eactitime Sight s ;
needed Change of environment

¥ Tunnel of Existing line:20 years

18




Scanning situation by TuLlS in double truck tunnel

(a)
TuLIS image sample

(b)
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Situation of inspecting the internal condition of tunnel lining

(a)

CLIC three-dimensional data

00

R ARG PR My vames A
FEE [plane view]:

N S
[sectional view] [bird's-eye view]
(b)
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20



From TuLIS Data

Organize the progressive
‘and distribution

=Y

Grasp the weak
points

v’

Improve

mspectlon

accurancy

OO0k#/L 88 00# - OR-OfM B4 1851 0:0
Om psoR OkOm Batol OkOm milE of
0*RG | EmERTH C-RE fIhE | BeRLUnERE | gBrm 50~90
(150 Ari—tE i) TN B il tHEh 00
i 1 =
ﬁ#t( !ﬁﬁ)

m:mra..\ BIEZSAO9, cIEltr&WAﬁml.z*Jmlahf- ()
BEEIMEL AR SYES8, B CIR[F4w b, ()
HBOWELELT. CTRIERELEBTHY. 5 HIZLYOKOm~OkOmDEEDHTIHELS-. (F151)
ATETH. OkOm~OkOn® GEETHE LB ISHKAHY ETISHELL, (5211)

(BIEXAR- 5]

rﬁu CONTHE

HEEAt |

(a)

-ALEIZBNT. HM‘SL\Eﬂﬂ'l’ilfﬁﬁ‘lbhof-hﬁﬁﬂﬂ‘lf‘liﬂmiﬂmiﬁﬁﬁ&i‘ﬂwmﬂﬂﬂbﬁ‘!ﬂﬂhk&ﬂ&?’% (FH1)
CIEIHEOT, —HOUSNISEHEN RS h AT, DURThRUME ST I LR R0IcENTS, (FE2)

1 .‘ma:—mb‘.&ﬁmemﬂ ﬂ‘E’nT

[ ) 2 L N R A
RE LI
au[m} 140 -F—-.E"_/___,_—F !
ME L 0 - — ___...---—-..',:‘. ceefefemmt
ﬁﬁ : fgﬁﬁ-’t T . FEEHT) [ET] T i) %j] d 3
ﬁ_g:_'gm no76 70 | [T 73 i o oo gqiﬁfﬁﬁ E4i
;I;; HA * 7i Eﬁgﬁﬁ i i i "'! = |
[lﬁﬁfaaﬁ L —,‘—! kﬁmﬂﬁ%&@& i
e e — =
o U‘&IJ *L m l:; .JlIIIllII_IiIl.lll.uulu-lhnllunill“Fl:l?dllill||||||!nmhIIIIII!ll-.rn_r:.._-_h_-._lir_u..uu....nll...lulm_ll..l_d.?ruumm_:
RO ¥ l ] I 1] HE |

| REBFOBIR S [—

#AS
KIEEELTOAD, LD RIELEALM

FEEE]
KN

EHE [FEAELD

e E0E mﬁaz\m g
1| OkOm ~ Oko RN Sh-RERTBERKAECTLA, ShETHENELCTLS

2| OkOm ~ _ OkOm ﬁﬁiﬁﬁiﬁlﬁkxmr‘m’cMﬂhﬁl[-..-‘iz#ﬁww

3 OkOm ~  OkOmUUBhISEREHXE b, BEBBIZEANERHTOAT MRS,

(

b)

7—% |HH0EHL. DURAOERZELA

[& 3-11 JR-EAST BREARAN(E )45 R R E B (JR-EAST B2k

21



= RBEZE

TR T BRI T 5 SRS -
IR RN+ E R - SIS -
(—) BERE A

ML (B 3-12) ¢ 1903 4 TEHEKEE R | B 1917 4 T B
CRE BB METRETES) RITRBRE TS R,
MR ER R (A ) MR (5 B TR 0 L IR BT S0) ¢ 1969
ERRREE ML A R ERER | 1996 £ THTR
WO | ORI - B KB R LR RERE R
TR | SAALBMAERT T TR ok b o AR (i
R © B ETE 48 AR (SIVER 220 AR) - BATEBRLR 30 AR
B P RO A SR AT - RSB RN C AL TES - DS
BB LR - 2B - TR RN » 14 FEREERG
TR RITTRELE - E YT - 1952 A EREREAT 00~ 190 A R RS
5 3-13) MLURTR R R EEH - LIRS, Y BATRE IS - HEUA
R LB IREE - TR T B e [ G EAY (BRI BAE 197
5 300 mm ° 7E 1996 Z£ 5 465 mm ©
RIS | 7R B B (D) RS RRE 254 AR B
ALIZE 40 /A RERIS: 4 (RS (AR5 502488 (B 20 mm » S5 30 mm) -
AWRERAER () BIRHESE) - SRETVAE 1980 SELIAT RSB sIRE T
¥ o RSB IOTBY - RIESSL: T ERKE R | B - RS
BT TR TR 1996 AR RS GRETE - £l IR
B CETRRE TR | CERICE R, TR LIRS R
B34  BHSTHIRE 38 i - |

22



———a

T e et
NS By
\(ﬂ'ﬁ'g-‘z ‘

* 108

SRS

= i

iyssuy @D
sge

HiRE-BE

e ——— .

= BEY
135~153m
10~35m 5~50m

1917 1903 19971968
? t t t
1997 1917
(b)

3-12 Hr/EERREE —RE T/ BIA R R

23



B R

b)
R

— 1
& 7T~ o B

R

k=

3-13 BERERE

=]
[5]

24



(b)

25



(d)

iR 3-8 B _RER SRR

26



(=) AN THEEREE

Wi - N EERBE (BRI EE) IMEESREINERE R RES F(E
3-14) > REGREHPBIECESE W) - BE2ER 6,359 AR » BAESER
AR 680 AR BREIEREEE 5 RREE o B DTS = 40 iR B iak e
RS ~ BEKATEE - REUBEEERT -
BIPHISR - RS 1971 8 BB - HEMHIE » B8 [IBEn SR EREETY, -
BESh » £ 1972 £ 3 ALAE - BEE RIS » 54 (THL R MIBEEIIRE » DR isE
ENERERL - P EEES/NERGE 15 m/4E - AEERET > IFESS
IR A AV - BREL LIRHY 1977~1984 H£27 7 FEHIRT » Bk LingE Bt
38.4 mm > SPHEEFFEL EF 6 mn -
B - B ~ BRI 0 BRESPIER - AGEPEERAE -
& BT BT AR SRR B o DRI S I R U BB B - RN o )
BTth A BLAT - J9RAE IR - ML RS By 23~45 N3R5 > bh—flhriig
eV E T HE T T RS S BN -
BIRTUE © AT E I BE B (T HE B BH 2 TR AT I i B et
FREETHIESE » HEWRIUA(E 3-15)7 © (1) ISR R4 (2) ket wiwss
3)ETENNERESR 5 (4)(PHUMRIRINE © (S)(MHBESE 1138 AR EhE s
B R E 2 St R RIS R R S M B Era i SR T R A A S 1
(I8 3-15(c)) - HARK e FEE B E SR T S BT e % > 5
AR B E (B ERIL SR > BHhS5MIE S 3-9 R -

‘. 3 u « ine
V1]

o
:‘ﬁi‘/%. °‘£§0? RUTLTS

! \ 3 A
| b o i |
N ] Vs o
+ ¥ # J
7 B il "
: i ] }
R i A \ ks
N ; 1 <
| \ - '
L T AR L 7 Saiin)
N \ Y et |
[ Iy 5 vz Ny f 1
; ¥, %
o e Al o ¥y
o 0 } : L nt "
\
\
{




— 1200 28 |
= i K680 | memmE
B S T ommAME

" y 8| eEs)

£ i R

IiE — 800 - |

L e e

yN=111Vz
96k000m 97k000m 98k000m 99k000m 100k000m  101k000mM

1 1 1 1
Wiz | | | B l il

30 [30f30]]| | 30 | 30
R 45 45 4545 23 45
I 1 I 1 NS TN | | ! L L
[ T NI D0 (71 1]
= 8BR-VUEIh = BN
- EE m R RIE., BB
(b)

3-14 75T BB - HETEREE

(a)

28



)

b

(

)

C

(

29



N AP

C AR AR AP

R TL L LB O WA T o

LT AR . o
S T

TR N,

3-15 7N+ BBk R iR A

=
=]

(a)

30



B8R 3-9 NTEMkET SR

31






B LeHEER
AR ZE HAR R T O A SEAR SR T ZTRT (RTR] ) S5 H A2 s ik
1t (JR-EAST) » [RIRFERA TR AT & (Workshop) B RASA - W4 2R LFLH > vk

BEHURREED 2T EERE - SRIMRZEATHAZ HHanriiLs

BIPBENHHE RSN WA A BRT TR ERATOR - TRE s
% » 2T 2 S EEE s -

1. HAS RIRT bR EA — BT BUE & 2 AR ARHE S SHEh AR > 5 R B0 - IRE >
TR PRB) BRI - BRI ERCGE NN ML P12 45 K EEs - DA
ERSEFREEAS T TR BIRT RIS - YA RSB S
ORI B3 > TTHICAET BB - 53 B PO {2 S 1 8 ) (& B ) B
etk Z &t 2 = BN R AL e L AERA A Fe i B SR = - BR= A >
HFiB AR - ERESENEESATES BREar -

2. 8 BRI B EAR AT B H A A A B - MR S B e S T B =
TR, B HEVEEREE E S R A TR A b (e
B{b) 4 ELE R A ST EE 0 B ER— R RS
e E e 2 SR ETIIE R RIESE | EEESI A AR EEEEE TR
BOHl ) Bl RBRENREASE B REENER (N - Bt - 28
SRS ENE) - 5 ERSEE RN SRR ESE N - IR s
[EE =T TE LB R R TEE Z T -

3. HAAMHRASA A AR ARS R HAEREAER - B e Ea MR E R s
EME TR "HRMRMEAL R R TR TR EAMEEN - BEH
PSRRI VT B T Aramid (G54 ) SRAERYSRRT SR M R LB iE B i
SFHE NIRRT - (N TSR A B S SRR AR S e - HER
ARAEEN - NILEHASBRETEAEERZMEL AR %
H&% -

4. AAUIESS BRI RS | NRIRIZE - HEE R B ST A A
32



MEEFRLAREIR (B HRNEHTEEHRE TR —E - R A TR
Rl RSB M EE M RERE - R TR AE S REFRR
TELLRIHTE " RrAORE E | - IR B AT RS E R LGt E LS

—SEEAT S - BAlS B3t/ R e B R H e R T SR

AR AR — R - HREFRE B A M E S AR R B RS
i BEIASR -

CBAFER JR ARR BN EEERE N EE (Squeezing) ERZAR (Swel ling)
EEEER T » EREREET - (THHEE - BRESIONEMGRIESE (R
PHIE4Y - AR © AtRERER - (IEtEEE - (IEURGE L Ta) -
HATREEENTRE - MENIARERFMEEE AR AT > dEFrS
% A AN+ BB ER R A - BRI EAR R -

33



th ~ 2EEHR

» HASESR SR FERT (RTRD) #4H &kt

*RTRI I§Z%5 4 (Keisuke Shimamoto) #+-82 Maintenance Technologies of

Railway Tunnels in Japan  fE¥RER

» ZEFIF 28R T Railway Tunnel Maintenance in Taiwan (& 255 1% ik 2 4

), EEmEe (sg—)

=

b=

JI;‘EI&

P~ 3R H AR SR g 1 (R-EAST) A M- £4% " Maintenance of Railway

Structures (Tunnel) in JR East ; fEERE&ER (HF8:—)

A~ RAATRE SN OR-EASTHRAE M HifEwk b > 2L O3 | — &k

N~ WHATRE SR E L OR-EASTEREE T A+EM b > AL 2EOMERN

=B s 7 HETEE , B

34






e ~ Ffax

35






Pt ok —

2017 Japan Railway Tunnel Maintenance Technology
Visiting
2017 B F 489 [ 18 o 4 45 405 A 5

Railway Tunnel Maintenance in Taiwan

R R R L

REA AR iR
Tsai. Chong-Ye Hsueh. Wen-Cheng Chiu. Hsien-Chin
2 A LA T A2 feL B A S AR A P2 9]
Railway Reconstruction Burcau. MOTC Kedge Construction
£330 mg % i B, e B
Lee, Chia-Han Chan, Shang-5hu Shang, Hsin-Ming  Chang, Chia-Chien

W& KM T £LER P 2 8) s T A2 R4 8)

United Geotech, Inc. Jines Construction

17 October 2017

Bt it o el e bbb e

ETY o

" 5%
w SRR E B IR £
w5 Y R IE AR AT
-ﬁﬁﬁ U 30 BT A% 20 B AR

o [ SH A 1 A T

-%%ﬁ&%m%”

w [ ZE AR A B B ) 3 T

w [RIEMPH AN IE
m BT RIS —HEE

425

B 55 6o

[ﬁ Wi b AR AR RLAT AR 5]
UNTTED GROTECT ., NG,

36




u1895~1899$ {;
i g.:‘*ifﬁiié_*it: 5 48
P, TR
n1899~1945 % 1 Al dy | &
# A x:&’afaﬁt@: HESE:
HaR) P»“iw%{wirmnﬁ“ 5"-*?‘
i ‘féi_?’\t.mfiéllA 3
it 2% R lg‘wm J)(
)R T AU el

ik

A5 4R
fsz

N 507 Jaan ey
2 Tunnel Maintenance
B Technology Visiting

WG N A A L (AR A TR 51 5
UNITHD GEOTECH . INC.

1523

wl1945~19804 & Jbimap - #t
2 &8 Ak

«1980~20004 @ R4 5 ~
iy 19 63 (1991 4F) ~ o il 44k
b ~ JbiE s A Sk

w2000~20104 @ W4T A
it~ Jbx@ s Ak

=T b e T i n,-sﬁﬁqu

Tunnel Maintenance
Technalogy Visiting

E1E] e
- @B R iR
P QELE v

G S -ur-mu s /
H—fe A : ﬁ:ﬂm‘\_‘
ﬁ. Rt TR )’
s i
it 14 /
HEET® (iﬁﬂ)u (Herim (lig) 'f-m
f
b
e
\ m //
F f
AMAEE f

b e ALE

Vit (i) {

=20104F~ & 1o R R4 AL J
L )
e R4 T m: SRR Y \
oy .‘uFiiiﬂ 2
1 T /
L JiEs
@ TATRERETIER (G ® EALzaRERL AR 4

37




Tunnel Muintennnee
Technology Visiting

A

AD
50’
605-.
70+
) e ene—
90’4

e _ 2000
ETTTT A e TS ?E ﬁ %

0, 25 1 1 JR SR (% 10 % - 2008)

[ﬁ A s L AR IS AT Tk 8
UNTTRD GROTRCH , INC. 5

i

% Fe 4

B Part 1 & 14 436 %72 2 A

38




HE A
%l_,\tf- i B EE

o 1997

MOTC-S1AG-ROY 50180

Rl T ALk B AW ] -

B RS SR TR E
8 Sk et ir (1)

T N RN T

. Tunne! Maintenance
Dl

E |J Techuolugy Visiting
\

PR R S ) -

B Fe L3 EL -3 ool
B st I

]
FCHAE T
RIEViL T qias PHRA: HAENAS LA
AHEL: BadRAPLATHY RN
FHREAFEES
PRERRALAGEN (HREANERESRARABEL)
(EAAASEFRLART ARBL
= A A LA AR MBS T2 5]
AL TIER ¥ a2 7
T R T R AT B =it sy

: 3 <
Tunnel Maintenance
Technology Visiting

TRET

FET
BEBRE

BT NEEE
| ____________________________+
ki TREFWE

LR B

F

[ﬁ Tpa A LR O ATRA ) 8
UNITED GEOTECH . TNC.

39




Tunnel Maintenance

% ,iéj' JTJ(S- ]’1é %L‘] -'-:;%'?"’ lf_‘,’_é -:!'!'L%—-I‘— ;/’i ot Technology Visiting

o BARGEEARRME e EERHERE K

MRS RSN
a

) - - £ ey WAL

BT IE  XT

[ﬁ B ”"hk_..!- fmr-s;z-\) HMkal
URTTED GROTECH , TNC. 9

TR Tupan Rahway

Tunnel Maintenanee

. alz
) J"i"ﬁ 7 3%1 Technology Visiting
' § - 7N

Ay en i3 Ly el P gl gy end) %

eyl Bl Thim eam] |9k 3

HE SRR Kifsaia pbp s by TRl B g )4

POtE FbE b QM T LESE §

i &

(G PEASSBAREI (7 5 - 2007) 10

GBOTECH |, INT.

40




l‘.uﬁ i *‘Eﬁ* 538 3 A

T\umel Mnin!ennm -

Technology Visiting

{ﬁ W A AR AR TR 6]
UNITED GBOTEGH , INC.

. V‘J"‘ At T
g B N T T -
it | e L i i

g e T v -
N N
w £

ek o i 1'-;..1...:\ _:.._‘,_.

j , | aotebiam | i |
i i .

L thy 1
& WAL R RHRE S
(Wang et al., 2001)

11

41

R ——



T T T ———

3007 Tapan Raitway
%2 e 32 . Tunnel Maintenance

‘,’('/t iéi % }E/ i’ﬂ ‘E:-{ ‘-:6:] j?:z /{% #I:’;Z- I:{EL ﬁ- 5,:’(.‘ Technology Visiting

() 4 45 0]

()% 15 Spacetec 5 5] T3 & * (ers -k Amberg 2 5) GRPS000 15 ([ -k Amberg 7> 7) Tunnelscan
RAAEL A% TS3E0) RO RS -iv A #H B 3 444 f

[ﬁ’“*‘*““%ﬂféﬁfﬁi'l (Efkg - 2008) 13

Tunniel Maintenance

g #ﬁ; ""%2\. ;:;‘1]] /Jf‘\ -}-’%-j 1/‘;),‘ ’]!% ;.IJ();:L 'z 7‘:-'3’% ";"&' Technology Visiting

JCEE L 23 VIR

e mme . XK Py

SAAS ISR § Ammi0

.J
bt
.
{ }
! k) = 3 _!!_f.‘.
3 A
@ zaamuanins (D gactmuiman 14

42




e i : % gia i 2 e W

Tunnel Maintenance

38 % 2 4R B —

- ’ e [ e )% e i
n RO R M . o E——
i i (maaw | aens ey
(i3 it &) St T T T Az
ZAsAuR A nd AT
. MAARE [ uesesms [wasaes | awn |
s AR &@ o HESE [ xesar | gex-gesam | sess |
Bl oa \ A 4 48| WMIR yewsn
(75% K BK G 59‘) udubb Py i
LT SHE i Er il
[N A BEE 1. 1.} aALE
T ; A A FyTy [FTT
L ?ﬁ,‘tﬂ '3'.1'_. f& 'I#_ ; nua ik [ kvl RILH
% [TAKBREAR | nBREURA &R
(ﬁ: ﬁ;_ N E?_ E{ . \1‘-' ‘]ﬁ'ﬂ;) & | s rminan | mastonan | exsassa | &an
| ZRELART [ SEL AT &R
Aolbn | ABABEAE | amrabimza i
. . i BRLEAME: | MEAHAHE T
n ALA AT 46 K RE WREHER | o sapees | peans s il
- ¥, g2 JE
(3 ~ ®0R) ke it
AW - AN~
Pkt [TonKE | gesizas -
naing | kErgu-SSTeRiN ]  ah |
(%14 - 2008)
(G ® &L iR 15
TNITED GROTECH , TNC.

e

E‘\]I Ig g Technulogy Visiting

(Rg s 72 R4 4

(LI thysd b ki sk
(G SAssIBrBaTnaY (% 4145 - 2008) 16

43




T R A ey B T R T B A0 T T e R ST T R e ey

5017 Japan Rattwy

Tunnel Maintenance

% % LA > Ak i iidgoatina

i Fjﬁ = )!_.. )T\’TZ?‘ fﬁlj }E’E{‘ 7|§($E {7}]]) Technology Visliing

IR (Y 3] e g ot P

-
L]
un = =
hor L : 2 ; b | [
. ; ) it -
X EM
"
L L] -
X
SN I | Gty et N i
&
“»
® | WA L i
L R m
¥ wne wriE e
i LARTIE] s e n S e
P e ‘ " .
l o WL R
| mrize [ .
| |
W | at
Anlel gy w W
o |
H d | "E
.
= | [T PO IR TIN i
a
o ]
o g
" g e —- - - — — =
w0 | w ur uy L 4 an a2 L)
| [ | man mu s
ALl L 5 T T L 4 R L]

[ﬁ M A A A AR ML A A PR 51
UNTTED GEOTECH , TNC.

@ BERMIBAETIRR 17

Part ITT— & % 14 3 4 3% 7 34k B 48

44




l‘unml Maintenance

:J}g‘i J]L]- Fﬁ‘h] ‘:19\ Technology Visiting

s 20094 :

66 0 1 45 44400 0 40 4 2 0 91
BIERET

Anwde admasadahbasad

iU RdsMAREIAG RS UL .f s X o=
RERG §am e rang g FALTRLIS

Ao (TS R

[
[ETER T Y 3

al
w WAL fwmmmlm 19

1,&,:;‘ mﬁn,,, '-Eg'f&#?«i%ﬁ(l/:ﬂ)

unel Maiatena
Technology Visiting

LR -
w {4 B FARR AT B R a blue lines

. N surrounding tunnel |
s EHTFH-FRAKRS cross-section

8 red lines parallel

w SR8 AR A48 o B the tunnel axis

(Lee et al., 2013)
[ﬁ W A X AR A AT ER R3]
UNITED GBOTECH . INC. 20

45




" 2017 Japan Raflway
Tunnel Maintenance

1[. ¥ 15 )[,4 h‘/.w i'_} ‘5;{ h :: /Jg;:_: /Jl’]i _z}JI_.L— (2/3) Technolagy Visiting

L ;Eﬁ_, HjJ ur-';k4

@ ASRBIRINR (G BELBRARSHRSE (Lee etal,, 2013) 31

2017 Japan Raifway
Tunnel Maintenance

LEEE MO ARt (3[3) e

o M A A B gk 8L

(kg - 2013) o

aumam:n? [ﬁmtm..cf;]miﬁlmgd 2

46




I'uuml Mulnlmum
—‘-f\. Technology Visiting

L'/

E&J]‘(l/3)

w 5 26048 148 £
—ﬁ%ﬂﬁﬁﬁﬁﬁﬁﬁ%

(a)sit &y & 43
()4 iy 4
(e) i {4
(9)4ak {4

b(b)k Hak

()t ik ® ot
NOEE TS E
JOEE

hA

(%8

L‘ %@; f?'] ,'L"\

MR

2013)

e
/‘
\ii‘. . f

ik ‘;‘: ;-:h"‘x
|

£

pe—

[ﬁ My s L AL H IR 5]
GROTECH |, TNC.

e

23

I‘um\cl Malnlumnc\«

2]&% \ L }e"t, 2N E«%} 2 3 Technology Visiting
, %,
)\ I ap T
ARSI
YT
R AR W
st R
iz~ THTB R S
b EYT e
nuy AT N
i i s
" I s =
] = ~,
Y "
r = = = = 5 o
P | coer e | | oo uiae g ey vy e e
T 3 Wi CLEY ! I LEN [LE L] Wi | tﬁ{\
{
n: { i 5 1
5 | i ~ | t L s T
I : b,
B i Sl g.amuu | awmn.n ‘ AR s ;.w 'f_-unuu
* @ ol 1R | s Mzt L hm
# P stz 7
» 1 i
" ¢ ' | akiHeR ! | memdes | \lw-u m-{l ‘ki u--uul
& Flapa i WAL A4 —T 1=
0 H YT Tamweano. | =T e T T aar
1 T AR E““ BARE L e || ERERR L eatns ! Ty
(=] SR i : S alls B = : i 2
— o [ + K] KN KN 3
£ N - . 0 . TEYY
SMHRT N g SR N | MHReR ) ek » J L -
% LT DY quraLes v -”","'.""j
5 i "1 - e . L
i 1 ARhEd TTEIL )
5 [ tuwe ) L I m ) imtemanay ) ( Teadnw ) [ A "““ PTG -

[Gl#s-xae.x.ﬂ‘nmmm'kal (at 1}% f 2013) 24

47




P A R Seaiec s it i g = TV

Tunnel Maintenanee

2 F—La‘;‘; ;‘.- . I % _;4} %‘T (3/3 ) Technology Visiting
NG -

.
= f f'f:ri‘ EAIER
Sors 4 ] i
W
b
il
VAY el d F SR ¥ o S9ke0d0- 60k40 1]
LTI |
" - 1
i ' f U "
Papeos T, i pa VaTIE it ot LU ﬁ& ‘1 'In‘
1T i A0ksadn-snkaning S pevevent
PR b . gz
W
ok |
il
s -
w |
161wk BERR (1 61604430 &
- wm ae - Stup: mmemen
drctien '--\
S \
far
eprot - peltey. T T S SO . thy st f 3D AR [LIRCRN R » RIS £+
it P k380130 F0k+940-60k <01 i+ 360 £430)

[ﬁ%#k&;lﬁﬂﬂn.mﬂggﬂ (zs:: 1k - 2013) 75

S

: ; f
Tunnel Muintenunce

L ,rﬁ'] ':h"i f’ﬁ]“( 1 / 2) Teehnnlogy Visiting

(19 sle sIn & o

| e e
Joesizn| | gema | [ramin
[ (B ]| o TR
- | il e
ST | ..l il ’ I\.lnmaklgﬂvjllsll - J_\h
gtk || e ——-[—- _r
e [ vwa | [rowan| Famai 1Tt | (e m.u-m.,('s-nmwi‘m
| LY 1 'T iame [T e - WOtk 1ty ||| o |k
wd | beadiciaall L i " i

[Samtspimgnin
awyaan |

| |T (RELAR [
| HHnAR LT $mrs
; | '““"" ‘j [+t "\ri-’nmn /!su" 1 &

ank m'lrﬂw

LI e 2 [tk oy
E-n-;wur.

I

(E f4L 3 0 2009)

(G Erpsasimmomnes
TWTTED GROTECH , INC, 26

48




"..,.; S T e e Y T R I e P [ L TR T T e e T T s A e e R TR 7, f.\\i“ﬁ‘mﬁm‘?‘ﬂ‘

Tunnel Maintenance

S MG S A2

Farfisid sress

o e s —
Dizplacement ' q . 0

=

r (F4E 35+ 2007)

" -
[}
P - i
R
i_': o) £ r : < .E. N
) ]
i
a~ 1=
i
el S s T e e g 2
@ 4 e ] 2 1 3 1 - 2 U
™ e Kimi Xy
(s 43 (b) A E a1 ®)
[D Wy A T AR AR AT TR 5D
UNITED GEOTECH . TNC. 27

e Zea IR St o ﬁiﬁquﬁ

Tunnel Maintenance

—E;? ( 1/4) Technology Visiting

[N

FibiE 2013

[ﬁ oo L PR S ATRA )
UNTTED GROTECH . INC. 28

49




e
Tunnel Maintenance
Technology Visiting

/:.(
(3 G, Snaar erack ‘ Comprassivs faifurs ¢
.,% / et \ Low JIN /‘\ ;
! 75 :"””:"mu m !allurc
upiximd./ S "mm Lﬂm - l—i::"” wxun-m )
ciaymingran :
(a) BEAR (b) 2 fo) 153 (d) bl A

OWRER (4 - 2013)

[ﬁ WA AN AR A TR 51
UNTTED GROTECH , TNC. 29

i
I‘unru-l Maintenance
Technology Visiting

Foam

{a) Invert arch {b) Anchoring system  (C) Yielding support ~ {d} Yielding support
foam slots

hang all cables
on the sidewsll

PVC drain

Parmanent ore-sreessd
anchon

{e) Drain (Lee and Wnng. 20'6) () Slops stabilization

[G L] ’-‘ki&.f-ﬂﬂmﬁlﬁ?ﬁfl‘#il
GROTECH , ING. 30

50




5 i(4/4)

. Tunnel Maint
Technology Visiting

SR

Dyprealanomaties Pussible conses Countermessures

w SHERE — oy

Deromaian Swatung iy
b Vi) g Fil - thy ol
Dsplucemeal Squoering Wk ;":"T:‘;h:‘:“‘ o
[Figs lib--ri] Fig. Wik} e
Crarks Farmpas Yluing wppan
[Figs. Lig and biffl. Fig. er) [Fip. Ric i)
Wikee waush Savifwiil layer 1ol
Wise. bl and [ - Abstsica hcain
A i Groundwater Redustion of
[ i pressure
K k) Ihg Wil k. Sidi
Neighanding Neighboring dope
Overabrzson .
Wi 1] e feolEaag
= IFig. Yei] |Fig. sie1]
Displaced fault
sonen
e | (Lee and Wang, 2016)
[ﬁ M L AR ALY AR 5] 31
UNITED GROTECH |, INC.

51




Tunnel Maintenance
Technology Visiting

&2m)

_ g_zmigm" i) |

1 % i
RIS A et & A4 R AR 30 2412,
Losation [rasention of €astem Relway inpravenent Praject {' 4 4> ‘,-’ In i L } a4

@

ANMBARIES G wem.:.fgﬁm.@%ﬂ

33

VIR

Tunnel Maintennnee

déj (] 2 féjq‘ Jb} % %L /ft :Et -+ -?' J-P}L'lt Technology Visiting

o st
SRIEIRY8.2NBHEMER25 20 E - 2RH)123 408
(BRI S ENEBESFEREIR 1 6. 8N 8 - FTILHIGER N6 8RB

*ITBTREASRARMMBERIC - — (S LIRZMIBIEE -
B8 ~ IR $Jﬁ 822 &ﬁ&%aﬂfﬁ%

R et N gAML MR
@ r,»:ﬁJ%ﬁ-ert?IﬁE G 'u-m-rm‘ggggmfrm.'

34

L1 e LA e e




i 18 47 F

J? TtT- 52 l"] YN

¢ FDARES BRI
*2E982Q 8

* EERA40BAE

« IREL 9. AR

* BEE4B IRE

ws o | B0 | o
SR UERESE e e&t =
36 S 1 EE A2 ® EtEHmy
(39km) | (G.6km) | (7 .2km) | (40.8km) 0 FEEm
- © FRFHERD
3 m
R o — BRMTEEOER
i . = SR BERIEH
£iEi8 | HiSW | BB | SEHE i
GAIE | 7O | 4 | 170m | | e
(B.2km) | (O.7km) | (0.2m) | (2.1km) ‘ —E
e
S UG ™ i vt Tiwe

017 Japan Railway |
Tunnel Malntenance
Technology Visiting

hREiERE
DRHLHAYE
HNEM &
#016.80E

35

rﬁ] =)

?"Jg’—\‘cé :,f:ut, 'La"ii‘

.-:l;‘.
.,'5

(1/3)

O s TR

ﬁ@ﬁ&tﬂﬁﬁ@ C A B EMEEKR

(IEERFR 23 TiE - MMM EESRIERE;

LG W A A AR AT AT TR )
UNITED OEOTECH . TNC.

53

72007 Fapan Railvay
Tunnel Malntenance
Technolugy Visiting

B LHE
LN ]

B




L L T —— ey T n——

L e BT T ATy

o iy I Maintenance

IL B AT RAL A2 45 &,(2/3) e
TV ~ W & <M — e TS

of PRI A MES - 1622 B3 © SRS
SUSEEED o e mzmsimG v s - kI

EE S BURCT

, e
ganTieb e

comsrssrenss E “‘"
-~ (4

w e K L R A TR
TUNITED GBOTECH , TRC.

P— e - No— I{nrvjr{?rn:ifaﬁm !
wnnel Mamitenance

JL hBR TR TR E(3/3)
. A WRKH, SR — =15

) @53 3 WEIETEAE © K ~ PR ERIRE - EAEFTE A E 1M
AT ERE DFRUEITAMO AR E - W ERRE O Mz THE S

. 'ﬁ;** T ;’ ;

[ﬁ WA X (R AR RS T 6
URITED GEOTECH |, INC.

54




R Sii s Hata g s S b e T i3 W;f—"ﬂ
2 By B Tunnel Maintenance
L= 1A N 1 3 Technology Visiting
295 (1/3)

= SLEMANETA

Type A | BLAE B8

Uil w
Type B | Bk | HERLIKGER(B]) « BHEIKIERE(B2-B4) « EAEREFRIER(BS)

Type C | i | BIGISIERIC)~C2) - BIRMERRIE(ICT)
iype D g | YESEWIEE (D))  HRER(D3)
Type E Hitt | EEBH(E ) - ARSI (E2) « IRRRIIR(ES)

TYPE B4 1YPE €1 TYPE DA TYPEE)
1 7K A K BB RERLL ) sina R

[ﬁ B A A X (R AR AT AR 51
UNITED GROTECH , TNG.

5]

39

T Bt el = e Rl e

i

- - ' —— —— Tunnel Mul.nlt-nuuw
i@ ‘4\‘,‘3‘1\ '{g: 7’:@ z]'t s aﬁi ]')(j '?5: ( 2/3) Technolugy Visiting

T it 2 il

¢ 2 RIBERBERIR LiZ
*HR—IRhEE
« BERIREERSANE  DESTEEERR
- 950 ! i I
- 98T WER BT B - WIIR W
- 103 © ISRALE

- SREHNERRNEBIESZE BEFEEERE
* BIAMIEERC S BRI RERR R PEANE R

@ TANMBARTER (G #ERes MR AT 40

e L il

55




T TR e PRIy g o i 7 e i 4 n"‘ i
Loy e o Tltqm-! Nix{n(gnﬁnce
& VE’EJ 1@ ‘é‘fi ?'E ;_;‘:L /fb j-:- 7?_:;_ r/q 2?;(3/3) Techtiology ¥ isiting

¢ ZRIBRFEIRTIE
R B ABIRAEIE
¢ ABAUSEEE - ERLERLNEA - BRI
* RRISSEASILRAED - i ISR ESsET o - LR EsE
R iR | 1BRER | BREES | RRiEER
2,179m

RUAT L o MR ) [ o—
ARBI R — i

0147
—

|
b
sac i awenon
[ e

o - Lt
A il i

[ﬁ M s AR AR M W T 5]
TUNITED GROTECH |, TNG.

56




” - TR STTRT S esrSTg e ]
Tunnel Maintenance
]% ._"’é' {:& ‘%ES% réf- }t‘? 5?" }E‘ é{fg Tochnology Visiting
B G 5.. WS - = il Wl

Lining scanning
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Visual inspection
(point view)

3D visualization
(3D view)
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Business Area Is wide in East
Japan.

BNunber of Operated Lines
69 lines(total 7,458.2km)

BNumber of Stations 1,665 5/ ¥
B Number of employees 57,580E\pjeoﬁ_l§?_"._, L
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Elapsed yaers

[ The oldest tunnel owned by JR-East |
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Joban-Line Soma~Hamayoshida
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[Organization] s (BFLFORNERTER] ) )
JR East I6 In partnership with eontractors far malntalning structures Inspection Categories RRBEEDUR
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Careful visual
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‘Technolagy Before inspe al
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A | mam I Engineering Canter | Instrument - I
i L o Regular general [ Foundations/retaining
2 Visual i
[ Inspaction yeu fsual INSPECtONS | yryctures
= Genaial Caraful visual Earth structure
E inspactian | specwl general a0 _. | inspectian Tunnels
i inspection YEAT | Hammer tests
Instrument
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81 2 centers in Sendai branch off
R i iralye b as

Partner compal
m—l—i-—ﬂbp.')"y

Regpairing fining

sI0]0EAUOY

Approach to mechanization of railway

tunnel inspection

Conventional situation of railway tunnel inspection

There is a problem with efficiency and precision

in visual inspection and hammering test only.
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Distant visual inspection and sketch of deformation by walkin|
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Eachtime | Visual inspection

Individual inspacti Aerank
Ividusl inspection e Dt irvey eran
Each time After earthquake, rain
Extraotdinury inspection Sight
Al nesded 8 Change of enviranment

¥ Tunnel of Existing line:20 years

Current issues in

_ Quantity is_hi i
[ The aiging of structure is wide |
Decrease in number of employees and!
~_experienced people |

-

Improve inspection accurancy |

Improve inspection efficiency |

cl

lose visual inspection and hammerinj

st by tall car

Deformed development map created based on sketched notepad




Problems of human tunpel inspection New tunnel inspection method

* Tunnel inspection is carried out in an environment with
insufficient illuminance and time constraints. Moreaver, the Human tunnel inspection tAniEORE )
inspection depends on experience and feeling of the inspector in =Development of tunnel exclusive inspection apparatus,

; X . (-3 AATEDDA)
many ways. As a result, there is also one aspect in which ity
individual differences occurred in the soundness judgment and

variations occurred in the results.

(ERFR same, e o Development of inspection apparatus scanning the tunnal lining

surface condition with laser light supplementing visual inspection.
(PR BT EBEL—F—RIZ LR T SRERNBA)

Itis difficult to capture accurately the deformed development

map created based on this sketch because it takes time to create TuLis(runnnel Lining Seanning_Car)
a:n:i_ :Vl’itES the deforrnati?:l by hand. Development of inspection apparatus to investigate the internal
Az i,

condition of tunnel lining by eleciromagnelic wave exploration
supplementing hammering test.
(Rl

-
CLIC(Concrete Lining Inspection Car)

Ay

Characteristics of TuLIS Tunnel Lining Scanning Car(TullS) for Shinkansen tunne|

Capture the condition of deformation of the tunnel lining surface
accurately and in a short time. - THE)

* Laser scanning electrophotography is adopted as shooting
method. iessa—r—ase=rarsranemm

Images can be taken at speeds of up to 8.5 km / h.

(A S TE A

No need for lighting and focusing on shooting.
(R EMIEN S LU oS h AR

Cracks with width of 0.5 mm or more can be detected.
(Fosmnil OV URNERETR)

Since 2009-2000
About 4 year cycle

unnel Lining Scanning Car(TullS) for conventional line tunnel Scanning si n by TULIS in double truck tunnel

Scanning situation by TuLlS in single truck tunne

Creating deformed development map from images by TuLIS

*Images taken by TullS are sequentially imaged using an image
processing apparatus. As a result, it is possible to accurately record

the position, shape and temporal change of deformation.
[Tuusiz Xz g "ACET. REONT PR, ERRLERE

*Trace the deformation while looking at the image, and create

deformed development map.
(ERESIRREIN—ALTRFRERNESHER)
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TullS image sample

= i
Characteristics of CLIC

+ Improving inspection accuracy of internal condition in tunnel
lining and carrying out efficient inspection.

+ The Inspection apparatus equipped with antenna device for
recording deformation in the tunnel lining in three-dimensional
display

* Data of internal condition in tunnel lining can be obtained at
speeds of upto3.5km/h.
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Arrangement between CLIC survey line and tunnel cross section
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Situation of inspecting the internal condition of tunnel linin|
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TuliS de d developmen ample

CLIC multipass array radar
[transmitting antenna] T&@&7=7+
[receiving antenna] R 2E7v7
[etectromagnetic wave] —REx

multipass array radar]

16HORRET AT
E [16 transmit and receive
antennas]

""@ EIBE el
Lo Mrunne lining surfac
’fre%”za
The CLIC radar has 16 transmit and receive antennas installed, and

adoptsﬁmultipass array radar capable of internal 3D display.

Concrete Lining Inspection Car (CLIC) for Shinkansen tunnel

]

Concrete Lining Inspection Car (CLIC) for conventional line
tunnel




Internal deformation detectable by CLIC

(DCrack within 25¢cm depth or less from the tunnel lining surface
and having a width of 1mm or more. xmsezsrenrrmmuouwRm

@ Void within 40cm depth or less from the tunnel lining surface and
having a thickness of 10mm or more.@am:mseens s g

3 Honeycomb within 40cm depth ar less from the tunnel lining

surface and having a thickness of 100mm or more.
(EEHSRE0mUA TS0 b O R

@ Separation within 25cm depth or less from the tunnel lining
surface. rememasmunons)

for CLIC reacled result

Acthickness of lining {design)
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| :Hammering test
Il :Hammering test + Drilling investigation
lll : Drilling  investigation
IV:Normal maintenance
Close visual inspection and hammering test by tall car

= Improve accurancy by checking TullS shol Images
Huntmering lesl whare GLIG reactad

[ From TulLlS Data |
Organize the progressive
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CLIC three-dimensional data

T REE [plane view] )
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BRE
[sectional view] [bird's-eye view]

Overlapping of acquired data between TullS and CLIC
@XCanti image
printing
@surface deformed
trace
@ of deformed

points and creating
deormed development
map

@add 3 variant to
the deformed
PR

map

Soundness judgment is realized by overlapping reaction paints
detected by CLIC's radar data analysis on deformed development
map out of TuLlS shot images. B

Effect of introducing TuLlS and CLIC

* Deformed development map obtained by TuLIS was able to
confirm the progressiveness of the deformation such as the
progress of cracks by comparing the latest one with the one of
the previous one.

(At T2 BT kLot

We introduced a new method using a dedicated inspection
apparatus called TuLIS and CLIC as an inspection methad for
tunnels that have been carried out manually. As a result, it was
possible to reduce the burden on the inspector and improve the

accuracy of the inspection data.
(TAUSECUCERATSILT, URAOAMEN. REMEOELEBICEMTEL)
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Judgment of Soundness zanz) R )
Soundness Swucture state Countermeasures
State that threatens operational safety, safety of passengers, public
safity, guarantee of regular train operation, or deterioration that
‘might cause this state
o that threatens fety, safety of
vy or train operation, | (ZRIZ)
X and which require emergency countermeasures
o i that causes the pe of structures | Urgently
Al | todrop, or heavy rain, floods or earthquakes that might impairthe | (#212)
performance of structures
& that m drop of NextAl
structures
8 Deterioration that might result in a future soundness rank of A K netesaniy
Next survey with
© | sightdeterioration emphasis
@xmeans
s Sound Nan
And Judgment of spalling =ra. B,y




