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Abstract

Analytical approaches of tunnel engineering begins with pursuing the stress-strain
relationships around a hole in an elastic media. Start from close-form solution, the
development of underground excavation support design method is nearly mature when
it comes to convergence-confinement method. The existing methods were mostly
proposed by European and American countries, where geological conditions are fairly
good, and tunnel damages occur during excavation rather than after completion. Thus, it
is generally recognized that tunnels are stable after construction. Understanding of
tunnel mechanical behavior reaches only to the end of excavation, no rigorous theories
aims to analyze the anomalies of tunnels in operation.

Amid the international fever of advancing sustainable engineering structure,
knowing the mechanical behavior throughout the whole service life is the key to future
tunnel engineering. However, one the crucial part, the methods to evaluate the
long-term safety and stability for tunnels in operation, is still absent. Influenced by
frequent plate tectonics and lose rock consolidation, a major researches concerning
these topics come from Japan and Taiwan. Some of the researches assume a specific
factor that reduce tunnel safety, e.g. weakening of rock mass properties, tunnel
structures, or change of external forces, and figure out the consequences by experiments
or numerical modeling. The others collect a large amount of tunnel cases, and classify
lining anomalies according to the feature. After confirm the cause to lining anomalies
by surveillance data, it is possible to generalize the relationships between lining
anomalies and its cause by statistics or experiences. However, there is a drop between
existing methods and the needs to evaluate the safety and mechanical behavior of
tunnels in operation. How to efficiently define tunnel structure conditions is still the
threshold to sustainable tunnel engineering.

This study focuses on tunnel displacement. An approach is proposed to analyze the
complicated tunnel displacements by providing particular displacement modes.
Displacements of tunnels in operation, with varied and intricate feature, is always an
important index to interpret tunnel behavior, and a difficult problem to engineers or
researchers. Regarding the displacements of a two-dimensional tunnel section as a
vector, and assume that vector can be decomposed as the sum when a unit displacement
occurs on every monitoring points. A finite element software is chosen to be the tool to
generate the tunnel displacements. Followed by matrix and vector deduction, this study



suggests displacement modes that has definite physical meaning, and independent with
each other, the characteristic modes. Characteristic modes includes overall motions like
translation and rotation, and also deformations including pure shear, triangular
deformation, square deformation, pentagonal deformation,...etc. The ability of
characteristic modes to describe tunnel displacements rises as the monitoring points
increases. According to the results of circular, elliptic and horseshoe tunnel, the
characteristic modes vary with shape of tunnel section. The form of characteristic
modes are similar for elliptic and circular tunnels, but horseshoe tunnel possesses
exceptional details on the lower part of the sidewalls and on invert. The increase in
Young’s modulus of rock mass reduce the radial component of each characteristic
mode.

In respect that present survey technique cannot obtain the complete tunnel
displacements owing to deficient precision, insufficient monitoring points and that the
results are not in an absolute coordinate, this study cooperate with Pr. Tai-Tien Wang
and Yong-Hsin Ltd. to develop a high precision geodetic survey technique named
micro-displacement monitoring technology. This technique incorporate global
positioning system, traverse survey, route survey and regression calculation, and
three-dimensional global coordinate full section lining survey to be as one technique. To
understand the feasibility and applicability of characteristic mode method and
micro-displacement monitoring technology, a mountain tunnel located in southeast
Taiwan is selected to survey and analyze. The traverse survey precision of six
monitoring results within three years is between 1/90,518 to 1/29,915, higher than the
required value of second-order traverse. The height survey precision is -3.88 to 5.00

mm~/K , while the single point precision is +£3-5 mm, higher than other current
technique. The monitored data after processed with the procedure suggested by this
research indicate that the case tunnel can be divided into five zones according to
displacement properties. The zoning explains some of the physical meaning of tunnel
displacements, provides a basis for determining the cause to lining anomalies, and may

serve as a reference to decide the zoning of structural safety and stability.

Keywords: tunnel, tunnel maintenance, tunnel inspection, tunnel deformation, tunnels in

operation
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21 R 1L RGEME
(= ). Kirsch 2_ 3842 4 ¢ {123 F 3 7 fi#
mBm(w%wumi4§ﬁﬁﬂuzm&ﬁﬁﬂgwpww%ﬁﬁ%ﬁévﬁiﬁ
30 18 A L5 Kirsch equations © Kirsch % Jg e & % 2 5+ 7 3 306
£ P2 2 RGP E P j2F R LHE(r, OB 22 o, ~ 0,fr 0,
FRNE TG &1+ 0,2 o, oKirsch equations # & 2k & iF i T sRiE

$TH A A T DR o - EHAR L WaE 1 AR B A TR o

(=) FeEydz
ATRIEI MBS LR TR T ST R AR
AARE 0 & 1 35 & 5k 4k (bearing ring) hpF 1 (Rabcewicz, 1964) » H X 3%
el AL I A E T RIEP- A Mk 4 F i A (ground response curve) -
VBB end fap Al H R 2 % 3F L 39 s (available support curve)id- 7 ki 1
P R e AR B R B RS kTR 4o gk in s g
EEACE R BRI L L R LA 2. € NI - S
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FIFEFiAbe SRR - CATR L2 DT 2 > FPLEYLZMET S v 5 &

”LF}% 2o —‘}5‘7;,1}1\?' °
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() g1 fehd GEIE
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EHR Tgsr = FEE o - LR AR A ERREPTIEE A
o P E RS AR Y S o F B E (2009)1 4 HA R 6 RAE
e BRI FE BB IS b R R — 5 RIS s
I I YR LB * SR A o Sandrone ¥ Labiouse (2011) f 47
7t B RO o R G T ehE R B AR R SR 2

T+ FRE - B3 E
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(

L% (2007)#% Tz SR E AR F L AR R

L% (2007) 4% ) SR A LenB ke Al e 3 (DA (2 54
B (345E (DB F BBk (6)e F (T -kirE ™ (B)E4 (9
WA (L0) B 1M A& o R A A A ik (D)
AR (QEOR #1E 5 (3)F RIAHEA + ABORFIT AT (A)HR R RS S ARAT 3R 15
A plAzdE AR b A5OMiT o A M 5 (B)ARdE MR IT S 25T 5 (B)F A o R 4R 2
AR 7 ()RS RIS A (QTEEAS A )RS R4 4
%:w%%ﬂgiﬁﬁﬁ%%:ﬁﬁai?mW£%&:m@#%%%ﬁ
AT AT e A 5 (8)#F B I A iRk 5 (AR 2 T F AL A (10)
RIEET 2 %Rk (11)4 855 (12) B 2] o 4 5500 8 2 Apr % L2 BR8P 5

(Wamerssde ~ s & QB A -

)- Sandrone ¥ Labiouse (2011)# )z 33 2 2> pargip Bk

Sandrone ¥ Labiouse (2011)#*t58 P168 o BERIE 2t P FoR 0 IR
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2); (e ez e s @AM AR5 9k (T )5 (10)5 3087
(RIAE) T LDk 5 5 a8 5 (12)rk 57) % 5 (18)i R 2 B2 Hode it
B — & FRELHE ~ B8 T (L4) g A (15) FraktaAe S (16) # B4R S 5 (17)
e RN 2 A

2 d 8 (2013)4% 2 L5 RaE Bk

F G (2013)4r 4k st b & Eig A Bk 2 BT W 266 B R CH LB g
PR Bk % b R BRI 5 (DA A QB iRk Q)45 & 44
(4)%75 5 (5)4 = (B)4kw 5 (7)MrfaAz e il (8) Mra B A 5 (9) ke iR
(10)4 % £ 1048 > H 83t £ BB R MBaT2 B % 4oF 2.1-1 ¢
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10%

0%

Bl 2.2-1 #er Bk 85 3 B(2 245 > 2013)

RERFERBEEFF R REROT AT HB AT AL
AE g R Bl 2.2-2 v B (P AFEGE R7)) R BE TR K Ao P o
RE R RDE AT RFF P EH A R P RR LR RSP R D
B A MR B TR TR BB e foiEr B¢ HE RTF

BAAIEE R B4 N2 Ei0(p A AT E > 2009) 0 F amer
WEHE (1997) F B gny 3 (1998)F 4 ¥ R i 2. % 2 kR~ aig
G s PR RT o R BT (1999)4F RIS RE SR perEp 22 2 &
RSP SR L EARM R Y 0 TR AR R R P T R
F RS (2008)u R P2 FTY B LR ARMA T SR (P AL AFE
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Ly %R et | LEIE(2)EH35 | p A& B LEE Rl m -
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28 TRE 4| 2.0 7k G LARL i | L¥H ¢ A E@ | LEES 2
A N R 2. T 5 2476 %
TEEE (D) 3R AT B4k R A | 28 R 3 3
poax | B AR AT Rt K 2 36 ¥ HF P
M| FIAL 4B kIR |AEELR LA |5 RRL EE A
3. TOKER A n 4 54
AR .k 2 L | Sdci 6.0 4 T
i RR BAF 5 R K e
4f o ek R LR ERPFEQ)RE 7.% 1 4% (F A
bR E | =) 2
BRLET cE R ¢ W7o
FowHE S FER 278 Opka i oka

LY

”

F1 %k

2.8t s 4o B (7
BARe s f R
%«;L e

e

F T A B

10. % % T
1148873 B 3 &
124887 5 B 3 &_

B H

2R

VAP N

Ak TR
#4951k
o,

B 2.2-2 wgif BB B3 M mE(D A2 A5 ¢ > 2009)
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Ry b A 8287 &% e ey @8e e HmEFERE R FHR
PREEIAfREF LA G A 0 B R h2 N 2 e A s o i A REn Bk
T FlE RS D RPRI BT R EY R RREFLEL T o A

BB AR YE L AL ITIEHL A RPN L E R T AR FRE R

YR RPBEYEYRRFE LN EF LIRS FEZT o

23 FEY g2 4 BEort

Wi E By 2 %254 472 02 8% > p Kirsch (1898)#% 1 i #8577 [f] 25 %438 B 47
R BES L fatrfare ko FREHIANMEY < SR APET BRI A
FAEP R 2 AR A AN AP ATV R REBIES L L E R
AT E AR R T A A o

(=) $REF2 ] G ECRE LT R D T RERR  E MR E
SRS R PR RS BT AT S
o S TR R o
Oz M 7 %

P AKTE (1994):E 7 Hol &t 1/30 e R 58 3 4RFr B F i 3 S SEE AR
AR A RPEEE CLTFEG RIS EET A FEES
Tiﬁﬁoﬁﬁ—%i(mMW$ﬂ§@%“(w%k%ﬂ%iﬁﬂﬁﬂ
(B 2.3-1a) » A TE4# TR BB A7 LR 0 2 0B R VR At L £ RS
EAAR Y FEIRY B — M ] 532 % (2006)% - k7
%%E%iiﬁgQ%@ﬁﬂﬁ;ﬁﬂﬁ%ﬁ%ﬁﬂ%i”*ﬂ@—ﬁé
T BB R2 Rk WAL TS - B S (2004) % rF AR E R 2 AR
Fro Tee R e B R il o G FOERGE H ohz Mok o 0
%% (2006)F = S iA Y AA RS H e B b o F B BB A
Mg BTG 2 kM o Kojima &2 Yashiro (2005) % 7 f2 #8376 1 "%
FP PP 22 Bl 23-1b 2 PRI N H AF REFRRE v

J R e OB AT R K 4 R T
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ELNY . ’
.’.‘ A L e 2 U Settlement gauge
/ . f

-;.. / _Load cell f-"'l Loading jack
o O )
TR LNIATY I -
y Izlzlglzlzl 2
5 #.-fﬁ:m ﬁ.ﬁﬁ,ﬁﬁ,ﬁ_&mﬁh
21 — =¥
Ground o Y + 3
[ E a1 — -
Tunnel model = g b
= (d=150mm)- = — Earth
E 3 pressure
= | 1 gauge
[] Ground strain gnuge_‘n Tt
300 | 150 150 _]\._'.il- 150 ] 450
i M A
L 1500

@) (b)
B 231 p+% Jﬂ" ZEPHEFTH (SRR FARRE AR AL F
1994) (b) » % 4« ém;“ w1 #5-7] (Kojima and Yashiro, 2005)

©OF JER=-3

(1). 2 = g 475 £, 44 BB 2 MU Soe s E (2012) %55 ¥ 5 81

ARG ST FRTH R > U E e BT s T Ao Rk E s

A ETH A XA P - AR R R L SRR LA ledpid
G ETE %5550 |, =[(a— (*_D/*_D )o:**’ EEEEr

ot e %17 5 0 1, =[(«—90)/90 % ‘u, ‘ ‘u, ‘max L& 104874 HE7)

fa (27 1~6 4-@] 2.3-2a)c7 lo o & 5 A5 fcd 30 4r] 2.3-2b e F 10 HHEF R
RRAE 20 Do W AT E K MAp 0 TF F el b4 B F 250 - Obara £
(2011) B 2 gFa- ¥rm % A > ;% (Cross-sectional Borehole Deformation Method,
CBDM) > 1% b 7 B 3 chik B4 po #2508 h1 A 403 975 12 - LRI eh
AR A R R RF SR Bl A B - Ko g R S
Bl R R M5 < fod | A &4 (B 2.3-3)-Mohamad % (2010) 3 7 f# A8 ehik
O 40 1 W T ErgaE Thameslink i 7 ac 22 2580 % 1P AR £
4 (Brillouin Optical Timedomain Reflectometry, BOTDR) £ #| » {5 4% 2! = f6[F]
A5RRip %5050 (B 2.3-4) % f3 8 Thameslink ®§:f (5 852 41w )en% a2 £ 4

+ & o Mohamad % (2012)r2 BOTDR £ Bl #74c 3L ¥ 48 "kif £ AT i %5 1 ¢h
B D A4 7B AR )R o H - o mRsE ¥ 18 5 HALEER]
Pl — ) MR R34 5353 $358 85 $A5(% 7 2 pure shear 4+ ovalizing
loading #L£r+)(B 2.3-5) 5 H = > Rig %75 5 HALWF L i > L KRB RE -
EREESTE N REE o B RE FL RS BRI B R
%75 X 4 i Stiros ¥2 Kontogianni (2009):#- Terzaghi (1942) fx. %27 5~ 4c B 4
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R Y TG Yo ) 00T2 (B 2.3-6a) 40 vk SLit s B2 fA) %o %

AT LSBT S R E T o
A5k & 0 hoR@] 2.3-6b o 3%iE * 2§ Acheloos 4 ik iE (Acheloos diversion
tunnel) sz ac ) & Rl % 0 ¥ fiEAT

B 4c (18] 2.3-6C) ©

-4 Casel Casel -& Case3

R — P B Cased Case5 @ Cdscﬁ
.x\u: s Ap Ap : 54,, .».\u: E/I;;
P ) -"J/" P ---— —7.- P P e S )
Case | Case 2 Case 3
_"T'I'Iﬂ#'l"l"l""' s 14"1 i1 “l"I'T"égJFT'"["
0.54003 Hosap 1.54pf3 ° Hesap 2403 & Hap ;
H H i M H H o T I T
1 [ n 0 90 180 270 360
o TR A R e
Case 4 Case § Case 6 0 (degree)

(a) (b)
B 2.3-2 B3 b4 $ 2 8358 RS 0 2012)

Stage |

Displiscemel, @i
Displasccment, sun
Y, s

Y

S 45 0 45 S0 138 180 2% Mo L S I 45 S0 138 80 28 I 40 N 0 M
&, dearee &, degree X, mm

Fl 2.3-3 4" 475 %""’/z(CBDM)(a) BlEE ()Ed it B RLEE 2(C)
% 4 %35 % Bl(Obara & > 2011)

West East West East West East

wall Crown wall wall Crown wall wall Crown wall
Tension A '
T ¢ ¢ ¢
Sirain :
l Compression v \/

[1] 0

-———— Distance ———p= .
Compression

1
Tension | |

A\ —
[ MNew ) V72
|\ tunnel i £

B 2.3-4 "%:ig %7a %3545 (Mohamad % > 2010)
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STRESS
DISTRIBUTION

UNIFORM
COMPRESSION
Lining Deformed
Lining

PURE SHEAR

/ ) AS
Total radial _— + | \rFaléi'zd Iztiil n |
stress - compression ° at ano /
stress Slress /4

0, cos(2q) -
B 2.3-5 "fig o X 4 A 5323 R ﬁﬁ ¥Rl ¢t 4 (Mohamad % > 2012)

radial non—radml non-radial,

uniform deformation uniform deformation non-uniform deformation
@
initial section

t=15 days t=40 days

t=250 days  t=400 days

(b) (c)
B 2.3-6 “hip %o LR E ()7 FA éﬁm%:@ 5% 75 (Stiros and Kontogianni,
2009 f i+ p Terzaghi, 1942) (b)—‘L AR E 8 RI2 (c)# "B Acheloos 4 Jin i
en% A5 (Stiros and Kontogianni, 2009)

(2. F BFTEFOBBERN P RF L B nF I EEE RS Al
R F T BN IRECE %750 R.Q. Huang &2 Xiao (2010) A 534 & ~ %k
EP A ERERER > e BEERRIF T RE B R BE

MEWE P CBARREE GOSN BT ESR ZIHAIF v RN A
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Shimamoto % (2009)##%& ) &2 ~ 4p #c~ $ 8= 48 2 4833 i 5 » 2 = Tagokura
"R () 2.3-72)2 Bl 1031 (] 2.3-7D) » G3aei e BRI T4 v S48 4 dp He3s
R RS R VRE AR L AT D IR B (8 5 A s
Frdkwm o B d ASESRLY T RIEE B ETEEER S B (R 2.3-7¢) ¢ Idris &
(2009); Idris % (2008) % 453t + ¥ WaArtgif 2 4 8 (7 4 0 IR AT H AL 2

AEFRERERR L EHEY RS R RS F BEELITL AN
33 i S8 0 M AR~ 2% #0848 UDEC(Universal Distinct Element Method) 3 4%
F %% 3+ % (Experiment Design Method) ik F rc #5483 4 3 B ~ &R A4 2 &
Bd 2 Bcim > TF 5 % E % E s 7 (Multivariate Analysis of Variance,
MANOVA)z % € s+ jF(Multiple Linear Regression)$s ! = i $-#c2 /¥ ¢
B %o

Back void

Rock bolt

Compressive
failure

Tensile cracking

B Inner space <=

shrinkage

Ground heaving i

(a) (b) (c)

Bl 2.3-7 14 H A8 ik pFS3 I BN FERIRAE %) (a)Tagokura "HiE %76 o+ & B (b)#ciE
B3] (C)Mkif AL BB A2 (Shimamoto % - 2009)

(3). 5 & amp~ H 3] 9 % B A0S0 THe ¥ (2009)2 = &5 3 1/30 ° ~f 2 "R
Bl A 283 TREFE? FEREREER > OF FET Ok R
o - JPREARL FHEAPELE w7 FREL BRETFHE
2 A~ T4 ik o R % % (B 2.3-8a £ B 2.3-8b) - Aruga % (2007)
BT 7 4w 58 B R R D e WA () 2.3-92) > TS b B Y F £ (R
2.3-9b) » A BAFF L 4 (T 5 o ¥ R 2T g R AT (7 5 2 Bl
BoAl o oA £ 4 AR L W A & L 4F (W) 2.3-9¢)
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P 90 (vertical) p g

P70

Load (N%10)

Load (Nx10), | . | . .
L —v—?%-—o—— -
200 | e L
! | r—ph | )
. I T ) O .
220 L (fci = l(?U N_fl"nl'ni f-’i <18 MPa
| | nir = 110 N/ems ) ' ]
o e = ' 5 £ . e S
i " : i , © fo= 13 MPa
140 |- dyog@ Ot oo
i Jp =10MPa | E_uad:dirct:?lioni{")
I{](} 1 1 1 1 1 1 1
-10 0 10 20 30 40 50 60 70 80O 90

Load direction (%)

(b)

B 2.3-8 Wi rrs f ¢ FE 2 A% kE i QBRI e 4 i (b)
LA e 2 %

(a) Case |

Loading point load (kN)

& 2.3-9

Stainless
wires

Stainless
wires

(b) Case 2

Partial loss
20mm * 10mm

Partial loss
20mm > 10mm,

(c) Case 3 (b) Casec 4
(a)
2.0 I I —— -
— Result of numerical simulation
25 > Result of test _,_..--—’_'/
—
2 0 ! _F/-/_-—.._.-d—,,._.--—"‘"
1.5 | "]
R /,—" 1
1.0 //
/
0.5
(1K)
00 10 20 30 40 50 60 7.0 B0 90 100 110

Displacement of loading point (mm)
(a) Case 1: Reinforced concrete lining model

[EYEETS

iE s & (He & > 2009)

L7

Loading point o .
LG Load cell

L]
=

0.5

Vi

=& Displacement
gauge
L9
L
L10
L1
.11
% ‘:\ M
L
\’ !
7
Center of lining model ¥
=0 Case-1 Reinforced concrete :
—8 - Case-2 Plane concrete [}
I
=2kN+em =2kN+em
= 3.0 T I I I I I I
= —  Result of numerical simulation
2.5 .
= <> Result of test
S 2.0¢
- _,_-—..—r-“
£15
=]
2.0 R b
@ P
=
&
-1
=)

Displacement of loading point (mm)
(b) Case 2: Plain concrete lining model

(©)

G AR TR BB R Q3R 6] (D) s

B E sk 2o v ¥ (Aruga % > 2007)
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80— Constructed profile --e-- Measured points and profile
70 | —= Translational vector ¢ _
B [ TOT T
60— |~ § A - |- - = - 1
m——% ¥ —— 7ﬂ77
7Y S (G S S S -
| ’ |
30—~ —t—F A+t — 1
| : |
20— 1~
| |
o ——|4—-——-T—-r—|-——=——-—~
IR [ |
0.0 | - [ |
: 5.0 -4.0 3.0 -20 -1.0 0.0 1.0 20 30 40 5.0(m)

(=)

P4t Rk AT LW R IR S S e Bk A R T BB RR TR

EESENEIE Y S RE T FEEREE S LX) SIEN

T o

1. Wang (2010) : 4 44 5 4 85I R ¥4 %25 KO FREFH S 5
B e T 7 B B A PRl A AR TP A A
MR AR R R 0 4o ] 2.3-1

T

b

o
)

8.0

7.0
6.0
5.0
4.0
3.0
20

@REFFEADIe =BmM) OBERFEAH2HFEG CRERFEAHZHEA T

— Translational

1T
\

. ——
LI A
\ s
-
[

—— Constructed profile --s-- Measured points and profile

vector ¢
T

(d) & k% B e =4 (m) (&) R R B A2 F7J ik

80— Constructed profile --=-- Measured points and profile
7.0b== Translational vector ¢ |
- 1 T TOT I
60 — || o e TN
2
a0p — A B W
¢ |
30F — i ———+— A4 —+— ——
be |
20 -5 R
1_0,7L A S A N )
4 | |
0o—tbm LI |
: -5.0 “2707=3%0 -2.0 -1.0 0.0°TU 20730 4.0 5.0(m)

(Q) B A2 B B & 2 3

; ()R ARARE B f 2 s
1 2.3-10 4 % JEE 244 A7 L ik it B (Wang > 2010)

2. Sandrone £ Labiouse(2011) : #- & 973t

PR B REFS MR IEE SIS 2RI EFBERLET F R
T g A S (£ 2.3-1) o

Ee)
\L
N
{ﬁ
g%
i
W
g
{5
e
TR
I
d
L

g
=%
A
4o
a\
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7 2.3-1 B R PEFF &k £ g3 (Sandrone &2 Labiouse » 2011)

Significant influence

30% to 455 Medium influence
15% to 30% Slight influence
<15% Mo influence
Influence factor Modality 1 12] 13] 14] 5] 16] 18] 1] 112] [13] [14] [15] [16] 7]
Age A 17 41 14 17
B 2 5 2 5
[« 7 - & 7
Traffic* 1 5 - 69 - -
™M 8 12 12 22 2 -
H 18 El 14 18 El
VH 14 BEa (=6 . 13
Ventilation® Lo 18 20 16 4
Na 10 20 12 [
Tra - - - -
5-ra
Geology/hydrogeology LG 40 20 20 40 - - - 10
Cry 68 32 |32 21 18 16 - 14
ScEPh 36 14 29 - 7 - 14 21
C&M 42 20 17 20 - - 24 42
ca | 5 - 19 - 10 27
Ev 40 40 40 - - 20 20 40
Depth L0 6 1
MO 4 6
HO 29 18
Waterproofing® No 43 29 14 2 29 43 57 29 43
Pe 25 13 12 = -
Pm 13 14 17 16 45 4 14 4 35
I - - 25 - - - -
4 - - - | = - :
Tm Bl » s & s = 15 - - 15

$%LG = loose ground; Ev = evaporites; Cry = crystalline rocks; Sc&Ph = schists and phyllites; C&M
= Clays and Marls; Ca = calcareous rocks; No = no waterproofing system; Tm = total in the middle; I
= intrados; Pm = partial in the middle; Pe = partial extrados; Te = total extrados

3. % :#%(2013) 1 Fh>t 266 B BIP b L F ki A Bk R B & 0
fr A R H s A s b J s e e R W
et Bl AR R 8 R A M 1 o B A FI(F) 2.3-11)
BH Pt g o DL R AR R TR

| |
S

I O
o
I I

-

(3) % Ao (b) e 7
Bl 2.3-11 L gap & AV A B (F E 9% 0 2013)
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[

rl
!
\."‘\.
,
e,

(0) #h A (h) & B B s
Bl 2.3-11 L5, kif 2 35 57 i () (4 4 %6 > 2013)

FEM L BEV e pon g E Y R LR REFE A W E R R
A X & (drd Fek > 2013) 0 R e TR SaE Bk ot 4 R e 2

FE SR EEE- HIF

2.4 FE R ik RIHH
BN 5 8 sk d Rl BARKRR] 5 A SEALH RIS o B BrE B Ok 5 B
THT IR PR AR TERTRIREN B LR e e EF R R >
EARG o ARSI AES SRR 2 oS E R R - LRR o T
¥t LPARRRIZ BB 2 E 7RIS AR AT 2 43w Bk
To SR B R B R T RGE - R
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1 PR~ HwPE(E)ETRR

B AR B](visual inspection) f§ £ VI B & L & Z AU * Peprenfldf & 4 b et 1
EREE BT LFHIFLEFERSATROTAE 2 AR FRF L 5 BOR D
- FEERLIEAR IR R RFR A G DS B RE TR BERIERE A
et BJTE o PARKRP A { o~ BEARTZLBUR R BI T > B AT AT
BRITEZ D ~¢F S SEFRPEFHRRIZE - Y &“ﬁiﬁﬁf’“%ﬁiﬁﬂfﬁ’ B AR
WRREF A HERBE B R EAGFEES URE - TR RS ER

2. WEEZTRE

BIE R REBEPIPIEEPIEOER R F LR AR > T

MR EE USRI TERL o REE TR ER R RERE R RERE
HRyp e AvenS FELRIETH BEYE - £ R 2 B ARECy 0 53t E AW E  ETe
B AN o g AR E IR F 0 Ty ) fz o fjﬁiﬁ'lié_fié FRBLE B
RFe wgE A2 Bl i - BT EEFREPIFERIARE > M2 AL
Gk BES(NEIRET) mERFE > VT R ERE E A G- DB
Foo pow ¥ p| B R BRIEEM R § A 1~2 mm+2~5ppmeD(D : iRIEEEAE > H 4
km) il &R 5 £05~2"2 F #EZREEZREF AR ELIMM =+ >
PRIEEHARZ HAHL  FHET AHEBERE S HARL1I0MM =+ -

3. WFFR I

AErF e HE B RSAF A REERR T U RAP AP N iedrd
Gl d WR¥ P PRE T ERADFTIRE ) CEHEY FRTAE W
TR o FI B RITA G SR F PR 4 o Fid B f Poad g B
dufk fi e T ko B ARERARAA A G MM Bk s HTEE R e et 2 R
Yoo kAR A R DEE > A RVF LT HFRELE RS
5o RPN ¥4 2 F HHHFH 4 5 TS360 22 Leica GRP 5000 % » % & £ 4p| 4
DIBIT = " ¥ idF 4 & o 2|5 ¥ 2 (Wang % > 2009; Wang % - 2010) » % I
PHEPRERE N L2 B S ERE e BT R R 2
FE OV EREN G RFAERITH - BES D SARE S (R 24-1) -

4. R GR B g b

R GRS SR TR - R E A AR e b o Pty
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&@%ﬁﬂ@ﬁﬁﬁﬂ%i&%éﬁﬁﬁ%g@§g§{%,&%ﬁpﬁ%_}
P2 PR o T B E R VR B g iE B R BB gt AR N s T E K
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# 4.2-1 ¥ B o R ¥+ (GSI) 2 41 2 £ 1 % 2 fic#ic(Hoek and Diederichs, 2006)
GSI

7 20 40 60 80 100
Em (GPa) 0.67 3.99 20.36 61.17 90.66
R=E,,/E 0.03 0.18 0.90 2.7 4.0

ML AP < KB 5 22.63 GPa

100000 1

80000 -

60000 -

40000 1

20000 -

Rock mass modulus E_ - MPa

0 20 40 60 80 100
GSl

B 4.2-1 GSI &7 £ %845 < fiC#ichd % B (Hoek and Diederichs, 2006)
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D 5 ik £ £ (deviation) » &~ # % &7 £ Re(residual)
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PEEQ

(Ava: 75%)
+2.963e-01
+2.7166-01
+2.46%e-01
+2.222e-01
+1.9756-01
+1.728e-01
+1.481e-01
+1.2356-01
+8.876e-02
+7.407e-02
+4.9386-02
+2.469e-02
+0.000e+00

B 4.3-6 3% % 3.(2008)2 3+ L rampr L L8 4 HEA T ES Q2B PHRES
(b)skig ¥ Rl s+ CEMEBELHREE < | A F 1 R(:APRBEIFETE

PEEQ

{Avg, 7590)
+2.963e-01
+2.716e-01
+2.4639e-01
+2.222e-01
+1.975e-01
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+2.453e-02
+0.000e+00
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Stepl: p & T #F Step 2: "kif B 47

S, Max. In-Plane Principal
(Avg: 75%) S, Max. In-Plane Principal
-1,483e+07 (Avg: 75%)
-1.492e+07 +1,351e+06
-1.501e+07 +4,421e+05
-1.510e+07 -4.671e+05
-1.519e+07 -1.376e+06
-1.527e+07 -2.286¢-+06
-1.536e+07 510ce+06e
-1.545¢+07 3 10aei08
~1.554e+07 -5.013e+06
-1.563e+07 -5.9226+06
-1.572e+07 =
6.832e+06
-1.580e+07 R
-1.589e407 7.741e+06
-8.650e+06
-1.598e+07
8076407 -9.559e+06
-1616e+07 -1.047e+07
16556407 -1.138e+07
-1.633e+07 -1.229e+07
-1.642e+07 -1.320e+07
-1.651e+07 -1.411e+07
-1.660e+07 -1.501e+07
-1.669e+07 -1.592e+07
-1.678e+07 -1.683e+07
-1.686e+07 -1.774e+07
-1,695¢+07 -1.865e+07
-1.956&+07
-2.047e+07

(&% E%)
Step 3: 4cdRF” Step4d: Z L :E R 4ot ;k &

S, Max. In-Flane Principal S, Max. In-Plane Principal
(Avg: 75%) (Avg: 75%)
+1.373e+06 +8.019e+06
+4.627e+05 +6.573e+06
-4.473=+05 +5.127e+06
-1.357e+06 +3.681e+06
-2.267e+06 +2.235e+06
-3.177e+06 +7.885e+05
-4.088e+06 -6.576e+05
-4.998e+06 -2.104e+06
-5.908e+06 -3.550e+06
-6.818e+06 -4.996e+06
-7.728e+06 -6.442e+06
-8.638e+06 -7.888e+06
-9.548e+06 -9.334e+06
-1.046e+07 -1.078e+07
-1.137e+07 -1.223e+07
-1.228e+07 -1.367e+07
-1.319e+07 -1.512e+07
-1.410e+07 -1.656e+07
-1.501e+07 -1.801e+07
-1.592e+07 -1.946e+07
-1.683e+07 -2.090e+07
-1.774e+07 -2.235e+07
-1.865e+07 -2.380e+07
-1.956e+07 -2.524e+07
-2.047e+07 -2.669e+07

PEEQ
(Avg: 75%)
+1.302e-03
+1.248e-03
+1.194e-03
+1.13%e-03
+1.085e-03
+1.031e-03
+9.767e-04
+9.2248-04
+8.682e-04
+8.139e-04
+7.597e-04
+7.054e-04
+6.511e-04
+5.969e-04
+5.426e-04
+4.884e-04
+4.341e-04
+3.798e-04
+3.256e-04
+2.713e-04
+2.170e-04
+1.628e-04
+1.085e-04
+5.426e-05
+0.000e+00
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Bt REBPERT R 2HEEFYT ZE O P MBI AT G HEE Rl

TR R UERELSFRLBER AT AT N c AR R EZ BT
RIT A GERITARIL (S 2 3 % > BB BHRRI R L HEHCR 25447
FEWAHAEE RS Y o M HE R 2 R WP TR AR

51 %6|% &

5P L, S T LA 5 A S T AR R s R
SRR F]S R RAIDT 0 Fh RS RIA LA SRR S TR g
RS T A EF AL A AYEY GFLABRET L - (P AL AT
2003 ; F %4R% > 2008) o  GI"kiFE L F MR FERFVUFEEE 0 R AT

-~

5.1.1 %if % 6% B

AL ROIRE A SR A G RS0 LR SRR 0 G R T -

Ad 2§ A5 48 & L (R 51-0)  F L 310m: § 65m: FOm: ¥
B o 5 EFA)(HR] 5.1-2) MR AT F S RO ’Fﬁ"}#r‘g S EB R EZA P AL A (B
51-3) PRA S YL AL —F 5 d > ¢ %4 R (40-55°2 FF)w & BF o B R L 0K

A ogE e r il S LR E R ERBTE Y EEAIY RR L
RIS TR RIG EEE T AR R 2 R e kg (BE50 2009 R
2013) -

ROESE - BB B S BR300 1987 £ 11 0 304 AT
ML PFE L ARG > $30 10989 & 7 7 21 i B (£ 5.1-1) o k| sa B A
B MR kg4 FETASEERE IR 0.8 m %% H200 4 2 - miai t
3o R B AR 55 0M 2 4 $1IRGLS AP (R 2 R 0 1999) o kg R g
AR BB M BRI 0 T AR B M B 5 T KA (R 5.1-4a) -
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FPEB AL G BTG v SR TR (P B 1 AR KA > 1992 5 HE R 1R
A 1999) e B iEE LB (2014 E)5 > RbIRE RS v SHFS S SPTE
BF -2 RERTT U SR TARARERHRI T B 2 AEAT YA
2008 & 2 7 3 2012 & 4 7 % - A FA R RS £ TR B % BT R
RE=R & SN

AFT Y 3 2008 £ 4 K FFR R GIEF R F F ¢ A X 108 m E Fl oaEs G
B M E RS F v 33 m e 99 m adirr B E 4545 0 B R4 Hid 300 mm
FroRlEG T e A B 150 2 400 mm (4 &4 % > 2008 ; A g > 2012) > R
H-B % 4c@] 5.1-5a &2 ] 5.1-5b > &= E 5 E%‘] 51-4 0 gt oh > FFHFRARFF T L 3
SEA S B B A WA F4cBl 5.1-4c 0 F 4P 4o R 5.1-5¢ B
5.1-5d -

5.1.2 3 M 4

1245 58 5% (2009) ~ #8557 % (2012) ~ B F 4 (2013) ~ Wang(2014)2. 4 & - %%
FE kT FHT ARG IR - R LEFL SRR B SR
HE 4 R R F B A » e BB AR 0 R RX(2009) B A
(2013) 4% 1961 & 12 %k % Fpanz B & R % 2 b AP~ gaf Aok s #
A HEBARE 2 HAE ST - 2S5 F 4 HR(Rock Quality Designation,
RQD) #XT AL NMFRET A » AHEH L5 = B & g8 il oI
2 LR BRI AL 0 R 4oR] 5160 FEHMAREE S TAYE0mM, £ 3
£9440 mo R HEAF SEREFERGO Mo FHRE B CFHREA N A
‘}%E‘ﬁv?ﬁ"f‘—""imw PlE LR WG NS FE L FHEB AR YH330mM:

EEAL9330modapliEA S 30mM M C T ARN30mM LEFLH225m:>
R 50m (=F & ° 2013 » Wang, 2014) -

T kT FH AT ERESETRE I e Eet > e AT 0 iF
B A E G R A B R e S IRG e 2 (] 5.1-7) - Wang(2014)45 1 %
R Fogr R RS IR I I8 T SR L/ A I LSRR LTRSS Sh ]
HWARETHESP LTI ET PR BER S e o FiRY

FlfE HmA IR E > MU T E A PEMAF 0 F BB
BRIUERP R PR RRN b A S adcE gl M g AR
76

-



%?j%%iﬁﬂ&ﬁf&,&ﬁ%ﬁm@ﬁﬁéiﬁm@%éaﬁaa&%@

A TR R AEE A RR R R AR R e d R IR

I

11‘
tg_xr

ﬁﬁg

Enhn

L A B RS 0 B e G PR B AR o T A1 By

B S - LSO PR E ST E 518 B e S raLd Ol

B

&
ok

Ld—-

&-&

121°3'0"E 121°4'0"E 121°50"E

s

meulu rlver A

23°10'0"N
T
23°10'0"N

23°9'0"N
23“'9‘0"1‘4

23°8'0"N

23°8'0"N

121°3'0"E 121°4'0"E 121°50"E

B 5.1-1 % b*§F + 25 Bl(Wang, 2014)

77



% 51-1 2o+ £ &
R A ¥ R HE
, 5 iF v & 105m 2 37 e FIp 4E 2 T
198711 B o PR ELE
Aok
1989.07 ki =1 #
i d ¢ E )
199108 'y o,
ﬂmﬁ@ﬁﬂﬂa#%@%]%"t’ CASOE T P 4 -
- U Y
199206 o wpma waa meRags o Hame R
~1993.09 A AR A L *3
BAGEOR S AT RR]  BERAIEF S
1998.04 o) mi y  THEER-#BRR - BRKTER
~1999.03 ‘B HEI KE T R
ﬂmﬁ@ﬁﬂﬂa#%@%]%"t’ CASOE T P "N -~
1999.05 .. _ . . S 1A
o000.07 ¥ MWER TG A R kR oo
R
PEALSE oK R N S Al L 1 e R
0012 -y - gpppgn o F L KETC SREFERE S AL LR
~2003.02 i ET AR B P
2004.12 R RIEE A MM T EHSE S ER CAC
~2005.04 44 B 4e 3t
BEYEHB S TR B R -
I 4%
E%%&3$E$%Ew wHﬁ KR~ SRS R i gAg e
' 3 FORELV R R TE Y lOE EF - A
FPE L '%@Tﬁ]”ﬁ CONNIE Y
e T
201404 FIWWER TN Y ]
By BB EB TR RE R R RT "
iR
PR B b Bl B L S 2 TR S
FmHaR R W L G B 2 aF
201000y oy TR AR fmu FEF S SREEY
~2013.10 7T FET o pReh L AL L U W 2 ﬁ CEOF 3 ARAER
)J»‘ kﬁ; —\]y;uéJliq‘l;-E& ﬁ—,b
K S
2012 P Rt o e
FA 58 o T
SR AL B B AR R
2013.01 & E Rl FEEE %‘Té’%ﬁ N R SRR P L BRI F: O b S
s el S H o @k TR RS AR R AR 2 7

Mk i

H512012.08 HRF SR 7 4e BT 5 0 pr A7 ) 8- 2008.02 3 AT 5 W b0 -

2 ERIF ARG

78

=t 2012.04



23°9'0"N

121°4'0"E

V\C’E;t\e?r“mportal

1

3

| Legend
2 Foliation
x  Sheared zone

Existing.tunnel
30

| Schist M
| | Qartz mica schist
] Mica schistu_ wﬂ‘) hi’ghlwa.y
121°4'0"E 121°5'0"E

B15.1-3 % 6)%kif # FHI(i:cp Wang, 2014 ; %7 & - 2013)

79

23°9'0"N



Station 192k+036 192k+056 192k+076 192k+096 192k+116
I 1 1

7
o R L 1 .
spring line

i
L
I
=T
| |
i
—
!
|-,_..._
=
|
 —
|

I S E S R 7//—l

i
T | A S W | U e J/ __________ 8= = A Jils = T ) | | S | TR N
i ir7% i i LL i i e I 17
(2) 1992 # 4mpr Bk B B BI(3 &4 0 2013 =g p 0 & i 0 1999)

Station 192k+036 192k4056 p2k+076 192096 192K 16

Uphill-
spring line

Vault

Downhill- 1
spring line

Angle of
view for
photocs

Station 192k+03

Uphill-
spring line ‘

Vault {

Downhill- ¥
sprong line

Legend: —_ :Crack, 7 :Spalling, ——— Transverse construction joint, - Longitudinal construction joint

(c) 2008 = #mrr 2k E B Bl(2 :xp Leeetal., 2013)

B 5.1-4 &bl a i v 4 L 20-110 m ARE7 B ik e d5( B #rap o B SRS PR Y 4o ] 5.1-5)
80




(@) BET F T X33 MK wiEH

() £ % 5 s ) s e
. OEES TR TS P
B 5.1-5 % b Bk e 5 (> 2012.03.31) fJ

81



2561000

2560000

257000
N

S Xinwu]u;;er\m\/\—\./ :

2561000

T %\Af) 'i."ﬂl

( I ) \ /
Legend / ‘
200L S NI —M . /1

_\ H : \ \]c Srb

|'f

&

I:-\.
L L1 a8 1068 (R E & 0 2013) | S

N — Bibs 8 5 ( R a & - 2013)
=Y \ ! T
257000 258000 259000

B 51-6 b a ko FFeMER(Bap 27 § > 2013)

0 50 100 200
Legend — — \eters

B A3 F A #5 (1999.10-2000.07)  —p B H 30 F 40 55 (2005.07-2007.08) w5305 05§ 5100 T & 0 2013 )
—p BHE A AT (2001.12-2003.11)  —p SR A Mo #81(2011.09-2012.07) | ] BRI E & - 2013) \

B 517 260 o o fuias ERS% (Bcp 7 § 0 2013)

82

2560000



5.2 % Gk R RS
FrERE RIS 2 B 4 SR 200 AT kT 2L 108 MP R EE

AT RTRTEERE AR T R R SR

5.2.1 B iplfrfeg B pIE

p 2008 & 03 4= AT B 3 B2 FIRHEEGIRELF S BB T R &
F5 2012 ERRE A FHM G T 0 £ 6 X TREFREFA > Ew T RPIFF oL 5.2-10 TpliF
EHANEE A F v A BKE 2B GPS 4> ¥ & pedp ) 15km hen2 B o e d R ihiE
POHESE R LR BR] 4-8 ) PEIS R L BB R AR R 5 i d g
Boo ¥ al% wpE T 2 B - RoR R IR P B AR AR FIB R M R S RARIE v F
AT A St pEE T U A2 E SmER L RIEER EEX) 0.5 M 7R > %75 R E (]
5.2-1) HHMPF &4 A 4> 1/90518 T 1/29,915 2 FF » # Az 44 & 5 -3.88 = 5.00 mmK >
e 5.2-1 -

AFETAHFB R RE T F T 2L 33 m o 99 m AR § X RECE (R RGA
2%9:&?%’2m3uﬂﬁﬁ§’ZMDvéﬁ:igﬁ@fﬂgﬁ@g& SRR E 2 BB
TONRREHES R O L E - BERYG (W6 A-B2UEG DE) £ aa F2 BERY
b Co T BETR AR R GIRE ERIE L R M G L AR (R 5.2-1) -

m;

4 52-1 Z 0" EWMFMRT RIFF R R L
$E. T RIEFR TRHFE TR HAPFLEAR B AR AU R

1 2009 & 03 * - 1/46,244  -052 3 1.60 mm~vK
2 2009 # 08 * g R 1/29,915 -3.34 1 2.20 mmJK
3 2010& 040  ZpHEI 1/90,518  -2.91 1 1.82 mmvK
4 2011 E&03°% AN 1/81,328  -0.30 = 0.89 mmvK
5 2011&00°%  ERHEIV 1/58,433  -3.88 1 3.56 mmyK
6 2012017  ERIHEV 1/83,743  -0.06 = 5.00 mmVK
*roKEBaRPEERER > H2Z km

83



KA A

PR ) % 1 5 20 T I 5B
4mél - HERES mig—

il 42 B T M7

0 50 100

I ———
HHIR

¥ 7] Bk RUR O

B 5.2-1 % b"gif ¥ p|%Fo =% 7 3 B

522 = R =Tl Akse

AR T PR E R SR ET RN TA 2 2 A8 L 2 324 SFE%kz &
RUEASE TR AL 0 VB G W R (B 5.2-2)4 5 RiE ¥Te T o oh 8 (B 5.2-3)
BREETR T AT R b (B 5.2-4~52-8) T i P H BT E AfEL TG b ok HEd 2
#7,% (B 5.2-9~53-13) - B] 5.2-2 2 RE 2 A~ X ER|F%e 7 B8 > 2F REP S =
TERZIECFHERDTETE o 55 2xd BIRWGE R0 B 5.2-27 585 RI%a p
WA R R AR HR R s REL R -

dEF T IREPN S MR o H- TORIEEE 25 5-025~005m . Bt e g
£-040~0.60m > & &L * v % =-0.60~0.35m - Wgig & v AP 35-100m 2 BF > H - TP g4
EH 9 5-0.15~0.095 m I A3 5 - 9-0.20~0.30 m > & & 2 % +.5-0.25~0.55 m - jE
Bk o v 100-150 m H A 0 H - TOpIERALE 125 5-0.045~003 mo & A 2w g9
-0.05~0.085m > &+ & & m % = %-0.095~0.079m- <~ &k T HeL%=8d o F v ALER >
AFET T 33m e 99 m & RECE M iT TG oo A K pIELTR G

KT MR RETG  Z R B LR e 2 R AL
 ANETHEANE TG F A E4-B 52-3 7 F AT F C ¥ g s EARL

SR TR AL, RBBEELSLAT I A FRAEG (¥te C-D)mpy LA



LA RTH MG o ¥75 ASEXERIDE | TH I e R43-5mm s 7 4 34 5 &
o A BT REEF I T4 0072m- ERIHE I pFL4 0030m: ZRIHEF IV L4 0030m:
TREEFV EReirF T 004l me e ETRIEEF I M ITHBET | NHEFR
TRPE N et AT 0013m ZRHEF IV pjLds A T4 0017Tm TRHEFV B
B o 44T # 0.023m -
AR TG BTG TAT R P RREL o 2R et Ta AR WHE
BLix o T b ool £40R 5.2-9~53-13 0 Bl P MR P w2 28 REE N & o AT
oo PONREARE F enicd PEE L BT G b s B e A5 o HP A2 gy
T 5 A 7 - R

b AR ?%E%@ﬁﬁ%%&@ﬂ’favﬁﬁ st
m C~D&dre E 7% 28] »

o BlY ¥re ABErs Bz $ie B3%X 3 RE2 8
%A 3 40 B oo %h ASB-C 2%G D WERPEF Il 28 +-2p A E 6 %F(R
5.2-4~52-8) » fa ¥ E AT R IV 2 V F fb¥ o4 (B 5.2-8) » “1F ¥75 4§ Rl
Bl g Borel > 5200l muT o #e AREREHE I~V o V HF L
gt e d - R(R 52-4) %a B>@ - Il pFLR(F 5.2-5 ¢ & ) g P %~ 5
FITRIBEAIS g R EREINANFE R S 2 BT RRTE BRI

PAT S ARR o 8T C AW |l 2P Ere B2 B Bagir o GruE RGP & A
AR X LRRE PR X e ARE R APF N IV fo VO Ery B
GG e M- RO LB BERFAPMFLIRL BT b2 R (F 52-6) ¥75 DY F
| =2 pHea B CTh o a E3TRIHE IV fo V L2853 »&i7(B 5.2-7) © %
B E A F IV EFLRIAREN e 7 RULRE TR RPF OV FLRIDF RN
Begh Rz b B (R 5.2-8) -

B 5.2-4~52-8 2 " ¥7e T + x> WEF BBV UERL UG TH L LE e B F

AN

258 > 4o 5.2-9~5.3-13 > T ipEre A~E LERIDESE < SHE Lo T L Rl A
R I Bkt o Ee AADE | M T %=0072m 5 %R 0.067m; kR
5 B AR T 0.041m > %R 0.033m; &5 C A+ T 0.024m > AiER 0.023m; &6
ERAT 0.012ms AiER 0.015m: 46 E T HF | 3 HAHF AR 85 A LT RDE I 2

=
Ehe F A RIS B CPEF U IV fo V THE L] 2Rk o B8
£ 0JE bR S (F15.2-0) 875 BB R Il B4 « [ RiT7 @3 [ hT e g, 5 F 1l

T Ao BN 0 Y f‘ii&iﬁ?%ﬁﬁiifﬁ!ﬁ%fﬁﬁﬂi HBEril oA IV oV 2%
B AP A4 0 L RIA 6 (R 5.2-10) - “f'i THEL o CWERPE Il 3 £ EiTd
85



THART 0 L BT HREEA A 0 L RAEPR A (R 52-11) - #55 D LT iRl ¥
B SURACTRPTA TR A SRV BEEBR ] > REDIBEALS » &
FHAT(R] 5.2-12) < 41k EXERIDE Il fo IV F S 2% B 1 pobplaeicd L
RURIEER $~ R RIS R BB IV PP s £ g 293 THEEAHE IV
FTE(F 5.2-13) ¢ o #7476 % B G @ F T 4 (R 5.2-9-52-13 B 1i - 7|2~ R
FRETH A~D £ R 30-40°/E B T A o 1 TR E R dRITORT a0 SRR
R G (] 5.2-4~5.2-8)81 T G b KR 5 3 ) § () 5.2-9~5.3-13)F v T
B REATARNPET R e B AES R SRR R B A T AR ME S o g
VRSP FEEFE G RETE ot BACODRERMDE N TG R (M
5.2-5 Bl 5.2-6~ Bl 5.2-7)% it 2| 5 @A, e E LR HE § X FhT B2 g5(E
5.2-10~ B 5.2-11~ ®] 5.2-12) > @ %75 A>T RIHF Il (B 5.2-4)~ %75 B HF IV f V(B
5.2-5)2. T & S| E i i dre EWMI B e g vy 7 RS E (K 5.2-9 0K 5.2-10)-
BRI BEERP AT O R R T R PG B R B R
PR R 2 R ST R AILIEIRAT T ¢ 4 2 MR H R ERlETe T 5 0
i FRIETH TR g foTe L RE R 2 WA R AT R F E A H R R R
PR R AR S S e e R R

B4 R o fLy B %

N EL T E o

— Stage 1 (2009.03)
— Stage 2 (2009.08, displacement = 1())

Mileage (m)

(a) 2009.03~2009.08
B 5.2-2 % 0% 2 = a%i-

86



— Stage 1 (2009.03)
— Stage 3 (2010.04, displacement < 10}

Western portal

U2 kHITS
65
S ks
192045

[Q “loxkHg

Milcage (m)

(b) 2009.03~2010.04

— Stage 1 (2009.03)
— Stage 4 (2011.03, displacement < 10)

Western portal

192k+016
Mileage (m)

(c) 2009.03~2011.03

— Stage 1 (2009.03)
— Stage 5 (201 1.09, displacement < 1(})

Western portal

[Q |02k

dilenge ()

(d) 2009.03~2011.09
B15.2-2 % bsif 2 = A% e (F)

87



— Stage | (2009.03)
— Stage 6 (2012.01, displacement.~ 10)

Western portal
[Q J‘JZ‘. e ’
Mileage (m)
(e) 2009.03~2012.01
B 5.2-2 % blkif 2 = % ()

0 ] :‘% B e " Il\q___,,__ i “&?__N\\_E

& 600 —\F— —aflll
5 T\ L
= - _ M

e

257 ] 50 100 . R
3 Meters Y
gy D

50 Milimeters

]
Y

Legend — —— 727, 2 0 — _
—y M @ o SR A P X T S
— SRR E & 0 2013) — Kl | N N——

L1 RRAFHSBERE S 2013 Y X \ ;

B 5.2-3 T plérc A~E 2 T g g

88



#ro A

Creek side Hill side
- 1: 2009.03~2009.08

Creek side Hill side
- 111: 2010.04~2011.03

Creek side Hill side
- V:2011.09~2012.01

B 5.2-4 %15 Az T

Creek side Hill side

- 11I: 2010.04~2010.12

Creek side Hill side
- 1V:2011.03~2011.09

— Original profile

—8— First measurement (2009.03)
— Deformational vector (7<20)
— Translation (<20)

L 60 mm

b (k4 20
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Creek side Hill side  Creek side Hill side
6
- I: 2009.03~2009.08 - 11: 2009.08~2010.04

-6 -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6
X (m) X (m)
6 Creek side Hill side p Creek side Hill side
- I11: 2010.04~2011.03 . IV:2011.03~2011.09

6 4 2 0 2 4 6 6 4 2 0 2 4 6
X (m) X (m)

Creek side Hill side
- V:2011.09~2012.01

— Original profile
- —8— First measurement (2009.03)

-6 LI L I B B S B S — Deformational vector (><20)
6 4 2 0 9 4 6 — Translation (><20)
X (m) L— 60 mm
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Creck side Hill side
- 1: 2009.03~2009.08

2 0 2 4 6
X (m)

Creek side Hill side
_ 111: 2010.04~2011.03 |

Creek side Hill side
- V:2011.09~2012.01

X (m)

Creek side Hill side

- 11: 2009.08~2010.04 |

2 0 2 4 6
X (m)

Creek side Hill side

. IV:2011.03~2011.09 |

— Original profile

—8— First measurement (2009.03)
—> Deformational vector (><40)
— Translation (<40)

1 30 mm
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Creek side Hill side 6 Creek side Hill side

. 1: 2009.03~2009.08 - 11: 2009.08~2010.04
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6 Creek side Iill side p Creek side Hill side
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_ TIT: 2010.04~2011.03 | - IV: 2011.03~2011.09 |

Creek side Hill side
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— Original profile
. —8— First measurement (2009.03)

. T T T T " T " 717 ——> Dispalcemental vector (><40)
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Creek side 11ill side

- 1: 2009.03~2009.08

X (m)

Creek side Hill side

- II1: 2010.04~2011.03

X (m)
Creek side Hill side
4 V:2011.09~2012.01
= S = X
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Creek side Hill side
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Creek side 11ill side
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X (m)
Original profile

—8— First measurement (2009.03)
—> Dispalcemental vector (<40)

s 30 mm
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§ Creek side Hill side
)

. 1: 2009.03~2009.08

A L L L L BN B
6 -4 2 0 2 4 6
X (m)
p Creek side Hill side
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- 111: 2010.04~2011.03

Creek side Hill side

. V:2011.09~2012.01

L L L
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X (m)
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Creek side Hill side
I: 2009.03~2009.08
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Creek side Hill side
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6 Creek side 1ill side 6 Creck side Hill side
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