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exposed around the north end of Zhongliao Tunnel,
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Characteristics of the Chishan and Lungchuan Faults
exposed around the north end of Zhongliao Tunnel,
Southwestern Taiwan

Abstract

At the north end of Zhongliao Tunnel on National Highway No. 3,
tunnel structure damage has been a problem as it open to the public since
2000 A.D. in Kaohsiung, Taiwan. The cause of this phenomena has not yet
been identified. The predecessors have used dense leveling and GPS
velocity survey to measure the surface displacement. The horizontal and
the vertical movement of the area is about 92 mm and 82 mm per year
between Chishan fault and Lungchuan fault which is greater than 82 mm
per year caused by the shortening of plate tectonic movement in Taiwan
island. Thus, the aim of this study would be to identify the relationship
between the rapid ground deformation and the structural characteristics of
the study area.

An excavation has been held at the north end of Zhongliao Tunnel
during this study. Detailed geological surveys were carried out in the
surrounding of the north end of Zhongliao Tunnel. In order to produce the
Digital surface model (DSM) and Orthoimages for the geological map and
fault map, the UAV photogrammetry method and VRS-RTK survey were
taken in the study area. After the investigation, it was found that the fault
core of Chishan fault zone is about 6 meters thick with the attitude of
042°/48 °S, and the thickness of the damage zone is about 100 meters.
The outcrop is about 80 meters thick after the excavation on the hanging
wall of Chishan fault which the lithology is mainly composed of sandstone
and alternation with sandstone and shale. The lithology of the foot wall is
mainly composed of mudstone interbedded with some fine sandstone.

Three branch faults were found in the footwall of Chishan fault. Compared



the location with previous studies, we found Lungchuan Fault zone has a
thickness of 67 meters at least which is located 300 meters away from the
north end of Zhongliao Tunnel in northwest direction. After the
examination in the tunnel, | consider the fractures to be the consequence of
the uplifted pavement, and the compression of the tunnel lining in the
seriously damaged area.

The maximum displacement gradient in the Zhongliao tunnel is
consistent with the location of the Chishan fault core. The observation of
the normal shear plane and the tunnel fracture suggest that the tunnel
damage is caused by the push of the rock below the tunnel. Therefore, this
study proposes a geological model, with Chishan fault as the water-
resisting layer. Under the condition that the thick mudstone is not easy to
drain, the slurry in the mudstone is squeezed to push the surface rock layer

to generate the high displacement of the block between two faults.

Keywords : Zhongliao tunnel, Chishan fault, Lungchuan Fault,

Photogrammetry, Tunnel fracture mapping.
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WK RO R E & RS 7 (Lining) B B G 40~60 o 4
(B 11) > 7R 582 1% B 4 521 MPa (56 % i£4c%] 5+ 4% > 2001)

BOEESTRRA e RE e b (B 12) 2 KT A 5 K 4
4. (longitudinal cracks) ~ €= %] 14 (horizontal cracks) ~ #L =+ %] 4. (oblique
cracks)£? I % 2 1 (ring cracks) ~ *c bk B M~ R B M > B ¢ g
HReE W B ide S840 an g 30 Ao J 588>
RS IR T AR RS 1 | U ST A AR
& & M3 ek 3k (pavement or invert failure) ~ P 38035 (portal failure) ~ ¥
J& 4 A3 (shear failure) 22 18 1 s 3% (slope failure) (Roy and Sarkar, 2017 ;
Chenetal., 2011 ; Wangetal., 2001 ; f# i > % - 2011 ; % i$ % > 2013) -

MR ARET Y St X b RS A B B R S B o
335G o MR PBUR R FT A S o LR FIHRE H R chfE R A ThAs o 2,
PR R Rk 4 A de o 3UF 05 APk R A, B E Tk

IR Ry T E R AL LS o 4R AR
SERATILT LTI R FRIw R4 B R ERMFE PRl
(4 B p % % 2fofl5+ 44 > 2001)

Wang et al. (2001) 4+ 4 & & 3+ 2(1999/09/21) %5 ¥ 5 A eirgip i& (7
7o #F AR OET BRRE Y 3 49 BRI ¥ R R &
R AR AT B BRGS0 ROL R TAL D TR R R
¢l BRI enE k¢ Bk B @ EFRRE F O IH £ e
SRR SHS LIRS B
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Yashiro et al. (2007)% %+ p & L F A3 B 51 R 45 P8 (7 30
L BRE IR R TS L (R 13) F - s TN R el

% | (Damage to shallow tunnels) > & = Bt B prd 2Ry IR 7 R

P EES o ATFIT A A AL P REOEH MR € TS
A A N RRE e RA A T A AT S o s T R iR

= ¢ mgip crdf gk (Damage to tunnels in poor geological conditions) » ¢

’

BOREEOCETE R Y W R g R BEPT Y g 2
FIE R o im A2 B hT TR % =

A e TETk i E sl
Iengag 4 9 (Damage to tunnels caused by fault slide) > *&:g # 5 %7
e 3G STR R EPE 0 g g R TF S DIEF o e T 4 SR
4

BREA R ERE AR RDAR o TR A -
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o A ¢ EREE (R g Bk $ Il AL > 2001) o
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invert cracks
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Bl 12 g B AT AR - AAT 7T A S e A~ 22 AB -~ &
B TRk B e el (Bl 3 p Chenetal., 2011) -
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I. Shallow tunnel Il. Poor geological [ll. Fault
conditions slide

Classification of damage patterns

|. Shallow tunnel

Bending crack
Soft g /\.
&

round :> v%
oo . Earthquake
ard groun S
: <)M\ Displacement

caused by earthquake

Damage to shallow tunnels

Il. Poor geological conditions ;

Fracture zone Shear crack

e O
_," ‘%(Earthquake

Load acting Additional load
before earthquake caused by earthquake

Damage to tunnels in poor geological conditions

Ill. Fault slide Fault surface
‘ Slide
Slide <):|
—

Complicated k
i omplicated cracks

Damage to tunnels caused by fault slide
Bl 13 R4 2 {5 BURE ¥ Ry Fetiez M (® 3l g Yashiro et
al., 2007) -
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BT R(R 1) -

KRS EQ004) a0 Fatd B oo AN A, F W g
RFIHEEPERPE A,k 5(B 14)F ﬁd B LET R b T AR
R S 0 RSP EG L7083 22 HBipins o
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3-2 ¥ K

AT RBNBIEEFELE - EFIFE A - RAPE T
BEE BT E B RR RAcd 2977 o
5K

d 754 2.3t 1965 & & % (Sun, 1965) » & #E2|5 =3t F 2iE L F
PR LFRITENS L AR EBIIEE A kB LA A G g
B4 5 EfAbd (B 16) AR B EP(F )1 ¥ A P (h B A
A0)IFETRE O EEE G I A A R 5 B NIT-NI8 3 (2 ¥ § foi#
2 & 5 1992) 5 Ag it 7 e & & % > NN11-NN13 # (Chi, 1979) >
AR RIPIELETR R AN BN A B R FIF R ALEL
Feff b B E R S AT D AT O T iR R L g S
SLiF) # (Fekc2 > 2013) -

Fhy 2.3 1965 # & £(Sun, 1965) R G At EL S F
BB BRSPS TREHFT LI B AEKR R
Fighk  REX500% 700 > Akt T2 8Lk s Ep P

BEL AR 0 d ATHCT 7 %E BT NNL12-NN15 » # & & % 5 1 A7

£ (Hfe® » 2013) -

s HP)
aB R ED Y 2976 ¢ ’?A\éj’fﬁﬁ}i’jﬁi%ﬁé%%
fmfe Ry BBk %ﬁf » A FERFE Ik (MARE > 1993) 0 TR ME
* LB CHMRREL TR MK
ENFFIFE A2 (@B ML (2016))
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kg (193)F ¢ RT3 220 R HAEL
4000 2 % 0 Bk E R LS FATE PR {ATE (M2 L E > 2011) 0 A~
VR RS d mp B LA BT IR A R Ak
MRHRB B P RN RR > AR B AR BRI E R EY
AT FEALE 4R T (B 17) Hrim R B> N RFAPTH R
B2 Li»2016) c AR P 7 flekp) B F 2 P F IR R
B L E R H AR FIER R o AR h R R B
FEOREHEY A RBF T LG R TR A R MR FY
AR B AT RAR L F R X IkBEa NG (24P E > 1994) > i
AR L4 R AR R LR .

gl

MU REAMERERAZL BTk E B R R TR

LEELLL RS B REBE o RER K D FOOF LR L
BPlendi oo F o MFERB G EAROERF L AR ET Rhaos R AR
BFERADELEM Iy 2k TS AR E22E > 1993 ;5 Rk
% 5 2013) -
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3-3 ¥ Fipw

AP RBOLLE THEFFELEE - FRWEEs e
WRE TN Z i A e 3 49T 7 () 18) o
AL BT R

AELETE D F & (1932)F A Mo R AT ARL N E
Taged rp 23 A A B LETR £ 2RTE K 0 BIE LT
R O3 A BTR T LR - SR RETR T S EHRY E TR A BT
- AR LETE EE R K L EE S T189B.C. (HhEx e £ 0 2000) o A L T

Bt HLELETRLT R - AREAFR-55 T 4w
AR 0 LR e 0] KM -5 Az bl

FAG 0 DB LER LTF R D AR ERE R T A PR

(HREc= % > 2009 ; Mudp+t % > 2009) -

b=
+

LER IR S
FALETR B S 0 B B g (1931)k Lodvdp¥rkdcp p AT R
AR ASUN D LG TR SR S TR AR

Fd A RE LS B SR TR REE S X e

—\\

G

AL BN FHITE ST 35 5 o

{ATE & B Ik o A TR 3
SR S Rl EMARIT Y SRR o T A¥TE 1 B B L T B
NN1L ¢ 372 Agpcit 7 > B T4 g & X p Al

B(E EFo 2 2 > 1985) -
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AR R D 3L (AR D) T 0 R T 2009 E i
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UL BT A S e g 2

a;ﬁgﬁ?% * e ’ﬁi
BN HETE >R AT 50 Bw A '3?}]%“‘ TR Ll
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9::(1"6
Fzo S AT TR L v e

-E\-
kr
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Bobd En B (193251 10 AT AL L0 R Al b AL

v ek o8 w aend TR o X kR LR $H07)

o St E BB TR BT AT K 6 IR % (Hrke 2 | 2013) -
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A

\4
=X

I
R % AE (2000)%1]% TR m ok ﬁgl w2 e ,jw_’,%‘%::‘ e m{g?i_ ?7}1

BRPIFR R RIFRRELF B RATRETE LR EUB AR T

W F g BFLEE 2 KRk R G (98T 10 28
) Lig- R 2 gL

Lk HRHTE D P ETE R

K endp 3Kk Hg (Duplex structure) #7 ke = (8] 19) -
Pt REATREY 3

2R PTG-1 2 81 0 B2 o
BARED§ ORI TS RTH S OROH R R b
I *7};@] BB B 2 7

S D FRAER S HRT Rl
A2 o R OUGRE B L 2tk B g

FERBREF 2
back basin) >

2 ¥ (Piggy-
4@ 20 #77+ (Chiang et al., 2004) -
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5-1 ¢ % '%iE A UAV BB 2%

EEFARER GUE T > AT HRIH R 5 Rnkup (TE > B
EREARI07 & 3 prerfl Tend SR fuR T TR HITE &
FPRET OB G ey 2 Bipial 535 11 B p £ 2L(B 27)
1 VBS-RTK {7 8B » A5 @ * chi 0 A ks - B A Y
TWDO7 » | % %402 4 “77 > 452 = » a1~ 242 (V RMS) 4
0.003 ~ 0.0142 & » -kT = @ ¢ 3542 i (H RMS) 5 0.002 ~ 0.008 2
R oo Ferit 2 IR R 5 & BRIE HF & (Precision) o

AL BRI R GEAREEK B TP R L b ehil e R (3 i B GO8 i
) T RS UAV 3 B BT Lehi £ 70 7 @ A48 3 A L
SRR R E P R R ELRERPN NI R - B
KETFFBRTAMERHT o P SAR &0 At wmdfp EL2NE
BXITRAAGDFE S G LD 2 Rl BAE £ AT R
Foadng T80 o 24 Y R A NBARE S > KB ELE Vi
280 2% o I G fFiE 136 L 2 22 > T G 347 & (GSD) T i
8.64 cm/pixel » @ PIXA4D #i 8 #7 2| %7 e | B8E & 4827 9 v § pl end )
Bt HA R F40d 5977 o

I f FAE(2012)chp (T2 3 R4 ¢ I At f 5 %N VBS-
RTK ep| & 8t 27 -k B gLz jp| & B & (accuracy) ¥ i %) 2 224 F 5 0 @
BPEEERERA L P - B A LR R 5 024 2% EiFE A
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4 43 ®107# 3% 28 p VBS-RTK £ =+ %

(000

Z R~ F TWD97 ; GCP : 3 m #4128k ; Check : # 1% &)

Bhat | Al £ [m] At [m] £ ) v
[m] RMS(m) RMS(m)
GO07 GCP 189812.318 2524264.14 | 143.565 0.005 0.007
GO06 GCP 189881.537 | 2524709.899 | 103.311 0.005 0.007
GO01 | Check | 190354.491 | 2524952.667 | 101.287 0.002 0.003
G02 GCP 190382.413 | 2525077.347 | 99.735 0.002 0.004
G14 GCP | 190534.296 | 2524895.802 | 123.626 0.002 0.003
GO03 GCP 190749.117 | 2524766.005 | 163.980 0.003 0.005
G16 GCP | 190363.252 | 2524667.121 | 113.862 0.003 0.007
G17 | Check | 190395.142 | 2524621.706 | 114.445 0.002 0.005
G08.1 | GCP 190573.730 | 2524028.694 | 298.313 0.008 0.014
G08 GCP | 190792592 | 2524230.730 | 319.326 0.002 0.004

X 0 m=meter

2> = 3 HRMS = Horizontal Root Mean Square » -k -E

= 3542 & ; V RMS = Vertical Root Mean Square » -8 = 53 & -

25 e E

R % [m] A [m] & [m]
GO1 -0.140 0.097 -0.240
G17 -0.050 -0.083 -0.094
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e A UAV BRI E R

(1) # & ez B B %

AP EAERAREE B AP RE enT LR LT
BELL  FTHEE L RBG ) fi 0 F SRR E S ffeng B
= 7 B (Image space) » & & =[5 ke & 4 2 I 4L 5 + 7 7 (Object
space) > HiE4 I X G RIL > AT RN R - 2LV 045 5
B2 ARG F R - g el Al P 2 d f20rw 0 UAV #E:82R)
£ /B %+ p Wolf et al. (2000) -

(2)% & P~ e

S E R T R 2 BB E Y R AT M 6 SRR
#(Ground Sample Distance, GSD) » H#riX LA ehg & 5B 5 ¥ - B
A Pixel)Fm b Az B e ent ] 22T fpinz &
A%:% 7 3| (Neumann, 2008) -
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(B)p s p #h > ik

Ap s enp 2 = 2 dc(Interior Orientation Parameters, IOPs) # 5 i4 4R
Pl s BFES BEGVERE o

A0 ¥ b & = S (Exterior Orientation Parameters, EOPs) ¢ % -
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X X 11 12 13
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m,, = COSQ COSw

m,, = Sinw Sing cosk + cosw sink

m,, = — COS W SIng cos k + sinw Sink

m,, = —CoS@sink

m,, = —Sinw sing sink + cosw cosk

m,, = €0S w Sing sink + Sinw cosk

m,, = sing
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