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Abstract

This sub-project belongs to the three-year integrated project “Site
Characterization and Engineering Problems in Colluvial Deposit”. This project
i1s responsible for studying the origin and the mechanical behavior of the
colluvium by using site investigation, in-situ and laboratory experiments. The
testing materials include fractured rock, interface with silty clay, and weathered
rock. The experiments adopted include laboratory triaxial test, laboratory
ultrasonic measurement, borehole P amd S waves measurements, and borehole
acoustic televiewer test. This report presents the final research results for the
project. The results include the classification of colluvium deposits, laboratory
experimental results, and the origin of the colluvial deposits.

According to the existed geological data and the results of the discontinuty
measurement by Borehole televiewer, Li-shan colluvial deposits may be formed
by large-scale hillslope creep. Two weak layers which composed by silts, clays,
and slate gravels, were observed from the cores. The upper formation
originates possibly the ground water level changing frequently to accelerate the
weathering speed. The lower formation may be the weathered product of a
shear zone caused by the large-scale hillslope creep, which made the rock
formation rub each other. Based on the experimental results, it can be found
that both the triaxial peak strength and tangential Young’s Modulus of the BIM
rock increase with the increase of block content in specimens; the degree of
modulous degradation for lower-block-content specimens is more significant
than that for higher-block-content specimens. After observing failed specimens,
it was found that failure path of high-block content specimens is zigzag and the

blocks located on the failure surface were sheared. The fact can be explained



that the larger of the block ratio of the specimen is the higher of the triaxial peak
strength of the BIM rock. Finally, an approach is recommended for determining
the mechanical properties of BIM rocks by laboratory trial compression test
associated with numerical analysis.

. Keywords: Colluvium, BIM, Weathered Rock, hillslope creep,Mechanical

Behavior
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22-1 P75 B4R B2 %A S B(Holiz&Willard » 1961)

Gravel Clayey matrix Sandy matrix
content(%)|®'(°) c'(psi) d'(°)  |c'(psi)
0 24.0 8.7 35.7  |3.7

20 25.6 7.0 37.0 [6.6

35 25.1 8.3

50 32.2 4.5 413 |55

60 34.2 5.0 42.0 5.0

%22 527 F 5 B ehE)-gd R £ 48 (Vallejo » 2000)

Test Sample composition Normal Porosity n; Percentage by weight of
No. stress (kPa) (%) sand in mixture, o, (%)
Sand (N) Clay (N)

I 3 0 42 37 100

2 3 0 102.1 36

3 3 0 1500 35

4 3 I 4.2 3 15

5 3 I 102.1 30

b 3 I 150.0 25

7 2 L 542 36 40

8 2 3 102.1 35

9 2 3 1500 3

10 | i 54.2 4 25

1 I 3 102.1 39

12 I L 150.0 LY

13 0 3 4.2 56 0

14 0 i 102.1 48

15 0 3 1500 50
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Bl2-6 H i E 7 Bt & g oo A& B 1% Bl(Medley » 2001)
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Bl 2-10 #HRE AT E3 F 7 2T 227 (Montrasio » 1998)
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Behavior governed by coarse inclusions

@ 0.6 -
0.4 -
0.2 - .
Behavior governed
0 by the matrix
0 0.2 04 " o8
P

Bl 2-12 ¥R 6, 2 287 £ p 2 M 2 Bl(Montrasio > 1998)
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60 | g
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Porosity of the Mixiure, n .
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Porosity of the Mixture, n g,

0.6
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====h Laborutory
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0.1} ;
78
0 | . ; "
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g2 7 £ d & (Vallejo > 2000)

CLAY PARTICLES

5 (Vallejo » 2000)



Failure Strength, o, (MPa)

(A) (B) (C)

1‘I}l\i"'!: VVC
N
_ v
voids ve
1 * v
[«
Ve

v

Bl 2-16 3272 #) % 402 H T3V ¢ 2 1234 #03) (Vallejo » 2000)
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Tangent Young's Moduus(MPa)

Cohesion{(MPa)
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1R R

Fu H(1990) | I #7AE R (1990) | +k%m £(1991) 3ok H(1987) |iheE FRAT | ¢ EF£2(1996)
#1(1993)
R kR
s h S| ¢ D c D c ® c @ c D c D
PR | ym’) | (°) | (Ym?) ) (t/m”) ) (t/m”) ) (t/m”) ) (t/m”) )
H A 4
0 35 0 [29.0-34.5/0.17-1.633.0-38.0/ 1.9 -3.9 33.5-35.0/ 0.1-2.2 | 15-45 [0.04-1.97/27.1-27.5
wI ¥ Rb
v 4 A 2.0-6.0 | 36-39
R
IR
TR A 0.5-1.1 |28.7-30.9
5 EER) AU
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229w BT EWE BT 4 BEHRES(D AR 1993)

WP C v %L
1 0.6 36 75 /& 6kg/em’
2 0.2 39 g /& 3kg/em’
3 0.2 23
4 0 23
5 0.05 20
6 0.3 38

% 2-10 = #h SCU 325 5 % (1 271 » 1993)

g 1 2 3 4 5
T4 (°) 10 19 14 19 13
A E A (kg/em?) 0.07 0 0.04 0 0
4 it £ (°) 20 34 15 45 28
% 2R B4 (kg/em®) | 0.1 0.08 0.22 0.02 0.01
ER WA SC SP-SC SC SP-SM SM
A HRAE Y JI - DA TREAS LA S C LA M
B P RAIEHEL RapR -
Fo 2-11 — S dp T RS % (5 £ # > 1990)
— g
i ,
B E T R ~opm | R BRI
% 5\ Eﬂ/j"m’% WE | FU 5(;‘)3‘— TR Uk | dpdk
s VL | %) | (%)
RN Ex i 214 | 27 | 049 | 18.07 | 42 28 14
4 4 202 | 275 | 042 | 383 | NP NP NP
HeiF bh-1 |4 d #2117 | 275 | 044 | 10.59 | NP NP NP
TR RARS | 229 | 282 | 042 | 1515 | 25 18 7
o 1
HEFF bh-2 fi 2 194 | 267 | 06 | 1619 | NP NP NP
hd W EBA| 242 | 274 | 023 | 851 32 21 11
TR 2 E2006) 0t 0 AR D B (SY R SY) 5 & R A AT
2(SG) » Tk TR A S #5055 ¥ (C)
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% 2-12 M 4 R AR A A SB(FIECE: > 1990)

RELIE P 5ok R L E P~ FrR LN

ER (%) (05L& T) | vg | w9 |AASHTO| USCS

A1 P0pLt 13.99 275 38 23 | A2-6 GC

A2 Bt 12.04 276 40 23 | A2-6 GC
A c Y 15.65 277 25 13 A-6 | SC/CL

% 2-13 % RIS AR A 2 AL < ) (it 0 1990)
B T
o | 34 | ma | #8 | #16 | #30 | #50 | #100 | #200
B Sk

AF A4 (kg/lemd) | 0.03 | 035 | 038 | 0.49 | 0.65 | 0.66 | 0.66 | 0.68 | 0.67

B3 & (°) 35.02 | 21.56 | 24.16 | 33.12 | 30.51 | 29.75 | 33.06 | 33.22 | 33.07

% 2-14 7) Fr Ak 2 5 R S Bc(¥1Ecét > 1990)

WA S

ARG KD T

R KD T

& A (kg/em?) 0.21 0.38
Bk (°) 9.15 15.67
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215 H L B HMAL R AP B

ik (%) FE A (kg/em’) BiEd(°) g
18.07
) 0.017~0.25 31.9~38 2.7
S (P Pz 2 0 #Higd)
(1990) 15.15 0.13(E &7 4 #5%) 18.2(E &7 4 %)
2.82
(BH-1 #F3t > jwik Fpk2) 0.29(= $hid k) 18.5(= #hid k)
Blicst 0.21(# B® 3 £k T) | 9.15(F BH 7 £k ET)
12.04~15.65 , , 2.77
(1990) 038(& %7 #-k2 %) | 15.67(& %74 £k T)
* %5
9.6~14.5 0.13~0.29 18.2~18.5
(1991)
TS H A 4 b iz 7k E 0.12% %A 2.7g/cm’ o 2.70 ook & 0.32%
(1990) S b §5 5 k£ 0.26% %R 2.67g/cm’ i F 2.69 Bk & 0.57%
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EATE L TAHEY B s T 5 AT 5 o Bode it 1863

#2 W2 A3 A2EF £ 214 (Leschot)#7ig # o

FIH 40 B E g N F S R 2 M et A
MR s G r 1 AR T H R g%*éﬁ%WBéﬁfﬁﬁﬁﬁi
SR u;%“v} W Tk e ds g R A o gt bR ﬁjﬁfkéﬂ"’ﬁué%?
PRGN 2R CRERITVRU ST AR R T 2 2 % o
Bl G TE BB s 0 P B B T B deR 0
R TN o RN R 2§ Wit SR E e

R RTRECFED

2. B~k

- BB NG A - 5 BB # ¢ 2 3¢ (conventional coring
method) » — B 5 4% & B~ £ < > 3% (wireline drilling system) o & $LB~ &
PR ETF AL R R T AL R B Y i
L oSURHE  ol -REAl:l I B P el i 4% wE T 4**%,&4"*1‘&#&
Bk 7 4R B TAC RN BB E R AL

#hfe R H M(FIA L 0 1995)8 gEit P4k 4 FR4co @] 2-31 -
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bz 1%ug;%* BPF o UARBE G2 BT o L‘&ﬁbﬁiﬂj}:%y Kk

KRB TLEAPER S > FEECE BEN HORIBEFE A0

FoRBERBEFEZ A E o BEERCLHIF o SELE D
BB EY o 2o FF A 5 H g # v F(single tube core barrel) ~ Bk
# < F (double tube core barrel) » 2 = & # < F (Treble tube core barrel)

b 2-32 #on o

B H o F PRI B Es o B B R R E
WH TSRS K o B A ELRP R B eI mgIgE
PoE R 2 IR N HRER 2 K 0 R RATE U E AR AT
BHAZ P ETEFREZRPF c B i RIF G S ECEE R
ME SR FER A B e T R R F A e
REE R FRNZ K F P EAS LA B PR

AR BT B

3.6 FHH

HERPE R Y Rk o PR kA AR B4R o X g
3L ek o /ﬂx‘l’ J‘ﬂ\i/m/‘zé;,r} N L i%gfg&&;g:*%?ﬁ% };),#E 5',t’f’1“fc_:‘ . _
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3Rk e i3 L H S R JHRBR S SR kS ki
GERGEE YR o B 2R F AR RE oS H L
R 1 (1993) 454 4 1Ly 8 48 %5 (e GPIE 4R Y A R PR 0 MBI TU AT

NX o (e $H 8035 B 2 B2 Ap g o m ¥ b P2 B3R 14 E S

DM

Iy
7o

Ik

B3 ES G A Y HC RS IR KR 2 4o R
2-33 0 ik f 2 WH2000)Hm < F ¢ AHEHFE R 2 R P Rt KA
AR RRF A T AR L HHF Lk 0 d F o R SR 234 5 4

FP-FARF o MR (1997)8 Bl i 42 vt 0t 3 4o 5 2 08

(2006)2 2 2 = % (£ ho i 2-16 -

AELERRE LA AT BRI BRI K B IR
AR RRF A AR TS MRF Rk 0 KR L R BRI
FiE s FRBBROEE S mEFE R BB EE R

oo BAFIV R R I R 2 T o
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3 2-16 4HIE 1 T HA 2 v (25 h §

iR 2 4~ g SRl it
1.3~ % 3 L4 s B REF PR (o
T 2.5 % PAY. NER o, SE
334 & 4 3.5 4F B FUY
AR A R T EEY 1%@\;%3%%@;
K PR R RN 2%%?‘?‘%’ kg 2.- B2 K
3.7 x4 ArdeEp B4 gR B K B SR
4 %5 4 F/#Fiﬁ"iﬂk 4.-5’%1 ? % Ffy
L)k Ry LTt s > TR R E R Lik feirppes 5 4 L3 Feges
0.4 g‘i;‘ﬁ_ﬁf\; DT B R 2 B R DEHEB 5L 2.7 BRI 2
% ﬂwﬁ;@w@m%aimwfﬂm LR o
%ﬁ’?%ﬁﬁﬁﬁ& RS 4#“&% B g e s R T
GrFER AP G IF 5. fe g A R FR2 b Ry
1¢¢b*%’~wﬁﬁﬂ@«f LIRS Gs B3 i £ (L5 8 Ry
TR R M R 2 B 2 R K
78 TR 3EF§¥ JLUREIT® "_’bif’?wﬁﬁ%ﬁ’lfgﬁg
F)“%@%*’QE?’Wﬁ*ﬁ%@EJ
SEAPE A EFIRRETE
N 13 & e FE P sr > T H ¥ 7 F 20§ Fp4E0 ll%’}éﬁi‘g‘ 132
kR Zwﬁﬁﬁl’ﬁﬁiﬁﬂgkﬁ*wﬁaﬁﬂ’ SRR E 0T 2
BT B0 s Rt 2 AR M2 HOTRGE M B i TR R £ ARG 38
%%‘L?IQ‘ AF AL VG T ENSE R
(Neat Vis)

S5.% TR ZRE K
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(AR LEECWT - SR - BN (e REANT - RN e 1 TLT
HE - BRFREREAT Ho WP R

B 2-31 4% & B-4ii2 4Rt B h 7 LR A 3 LK F &4 1995)

L aMgE
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B-94 #/28 BH-13M 1L

9-13m % £ ¥ W1t

RN 3T
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13-25m ¥ B iLig &
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252 HEILPE

CETE TS T T3 N B SR LY SN Ty

G o 2 2T EEE it p B E B 2 360°03 R SR A

fo

FEFIRS ERRIR S e R 2 o HBBLA N PN RE BT
P TR S B R AR R A R A p R

s e & 5 (U.S. Army Corps of Engineers » 1982) :

o

1. 4Fa- p R4t (Borescope)

2. 3L p FEF2 ¥ (Borehole Television)
3. 3 BB 4p #% (Borehole Camera)

4. 34 P 3 Er % (Impression Packer)

5. 3t i B2 &k (Borehole Televiewer)

Mgt E L W R 230 o ig B2 ik (Borehole Televiewer) i® 7L 12

PR RRT A ST B E B R (Borehole Acoustic Televiewer))? %

Lk B i B2 ik (Borehole Optical Televiewer) o 3¢ o Bk 3¢ 32 % RIZ 8.4 *

B fRp Eorgeaipd T a FBEIVEE300R o BAERE S - AT
SR R Bt BT R S BGR hE B 0 BEBIYEER S R c1dR 1 (amplitude)
% %w 4_pF(traveltime) » Bk 2 BURE § I AR IEL BEAF 0 BB GF

FLEF S EL iR IFE kw4 AT B R I angh i @A N ki

PPN RREHRAEP S EERTRE BE R T I NP IR
PR R BT & 202 2 el LARRIFR M A 22 2 T05d B AR ¥
BILEEF BB R v Ao DT ORRCE o 1B - A IV R R TR
BRI B EAE S s TV Fe kA A e A e B EEE T o B 2-35

SIPp BRARFRRAEEP B 0 Blakor - AT G (incline plane) [fl4a



B Ap % A AL T 5 22 kT g (horizontal plane)4p % » H & < &
B G ¥E & (dip) 0 M & A7dp 3 e AL M (dip azimuth) o MEAL T G 21K T

=

N

il

IR 5 A (strike) o J1* B E S & Skl G T UERF
AT 5 efRRIR 0 Bl b RS RIS E B 2 Pu B o i
$(0) BEA L(diprp) BHEFANDT L 1 H =hr [

o B LAl e (0)E PR E(p) wwBlY c&de

i

=

Wy %E
=+
;=
X R

gl
T
0%
Ny

PR RBEEERU AL F N RRBHIEE TR R SR &
57’““%@fk@&ﬂ@”ﬁﬂ%ﬁk—ﬁﬁ“%&3&Pﬁﬂgﬁﬁﬁ’ﬁﬁ@
B GRE T RBOERZANEMEFE E RS AT o
B 236 it P FRBPREE AR RETHZLF AL R~ 7 3t
PR E R RN AR y R E R E L S S A A

g &

7 ¢ (Charge Coupled Device » CCD) °

ETIRS

BRKA

(w.

PNERGRREIPN TR R R
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a b. Unrolled barehole-wall

dip azimuth M E 5 W M
o ¥ = Az
depth y = dapth +p2._sin(x -&)
. |
PR amplitude g
y= Dep
C. x = gsing

=
E
=

P et
@3? . .. .! y- pooss
S L7

7 = denth

B 2-35 3vp B B RIL(E A Siddans & Worthington > 2002)

2/

1 K Power supplies and
| I communications
-
Centralisers
-
%
.
=
|
| | Rotating ultrasenic
— transducer
L

F2-36 3P Hk i B REL T LB F 28 2006)
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253 mptp B ER

RIZE- BV e g R ET T RS JE R GRS

g o v 2RI s LiE e AT
5 JM?EJ @B p o Flt 0T ARG AR 2 SR RIE S R o F R 4T
Z3FRNE 5 (R & 0 1999)

1. B3¢ 7V #£ Bl (Cross-hole Velocity Measurement)
2. T 3t ;% (Down-hole Velocity Measurement)
3. } 3t 3%(Up-hole Velocity Measurement)

4. %& 23\ P-S /4 £ iP|:# (Suspension P-S logging measurement)

P RS AT T e 2 R P-S L BBl (TR A

RLSPSRFREZ > LLXEA- 77 8XRF2-RRELF
ZHERIE A B A BT S AR 2-37 0 B N A T

FEWZFRMLIY » RRAATEVNERACLZ AR S¥RAKL
BET I A ek B P z(Nigbor & Imai » 1994) - 25 (T &5 - 4F3t
A REBOPETZRF I T AZTEREE N RARAE? BEFIER
- T E DGR NS W RRIRIEL B o B R 2 AR R
HE VAL R PRRR DR BlIR l o PR R

¥ &R 20cm 203 K iE R o

AFTE R B P-S kBRI ARIERE XA BT
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O PE-1P0
LoggerRecormer

n Dizkette
wih Data

Winch

Upgar GEophang

Sourte Dnvar

Wil

Dol Largit < 251

B 2-37 & £;% P-S A ¥ERl2 7 £ B(i8 sxp Ogura > 1988)

2.5.4 ¥ 7 re 47 p|E(Electrical Resistivity Image Profiling)

BPORME G BRR PR - > 2 TR M R T
RIS E&J}’%-J}’IB‘_/P'J ! }gjf?‘ Jfﬁ_iﬂ'l /é.l *j‘;}l v B m u{g?ﬁ*;;‘?ﬁigb#]ﬁ—gé ﬁ;'$/v ,‘:{‘

RIFTTE T8 THAMET - B2 2 e RENTE TR EES G

F oo T {gi—ﬂj'_%jrxﬁﬂz":%—ﬁ;? 2B R TR

ERT R TR anE R 2 AT RE R A BRI T A K
AR TEr# A A2 A S TH d AT R RIT Lo R 237 -



N

RHAEBEA N R HERF RO RARFS @2 TS

N,
4
3
N,
?‘m

T Fe & (Apparent Resistivity) » od & B 247 E T RTF W2 TIEF E o

BOoRE T REER G NG - s DR 2 N - mERT A

= T2 #Fp|(Vertical sounding)£? # = #£ iRl (profiling) ; = HIFRI & 5+ =
re g2 3] & % (Electrical resistivity tomography » ERT) & _% & — a4F p| el
EUR S 2 FRES 0 2 e (Pseudo-depth) 5 = IF R E_H K - E

B 7 hP 4k B P 3D TG o

— N REFR TR NE S H Y LY
# (Schlumberger Array) ~ % 2 % (Wenner Array) ~ % {7
(Dipole-Dipole Array) % & $t 71| ;% (Pole-Pole Array)4c®] 2-39 @ 4 T¥ #h 35
BIETIE R 2 E o PIEARARIR PP 1R E F R Bl A m B - e

RPIAE LR 4o T

Sl
S

AP HEY BT - IFR(ERT)A 7 4&$E7] 2 LA * Pole-Pole %
¥ RlFEE + & 2 Wenner-Schlumberger 47 i8] % & I 22 Pole-Pole iT1t 44 o
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C1 P1 P2 Ca
\l(—ﬂ—}.{—a >0 <€ “ >9
(1Wenner
C1 P1 P2 Ca
0c—"1__ 9 5 ec< "__e
(2\Wenner-Schlumbkerger
C Ci P1 P2

a
o—% o< e >0c— —>@
(3)Dipole-Dipole
C,(o0) C1 P1 P2
a
® o< L >0 —>0
{4)Pole-Dipole
C,(o0) C1 P1 P,(0)
@ o< % >® ®
{5)Pole-Pole

1239 &8 % 5 RIE 7S o (32 > 2005)
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B0 3 3% 5 BRI W& 32 B .
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B2 bR ARE R B 2 AR R > B4 R
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FipB®FoM2FEFL > FlRwg X230 o
2. Bl W4 AR 47 EBRAFELFERIZH -3 R
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2. EHpF 220062 A A FI(2007)4-$ 4 Lid T 4T 1T 2RI 3L o 0F
LR L 25 PRIIRE—HBRFEH L FF b 7] o

3K BS A E M B2 i D GEF MR FERRE
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3.1.2 4biF B IFR & B B

04 & & 5 &5 L M AR R 2 8 S R BRER T 2 R B IRR
R B-HFF L R CEEB R AR 2K R RTEREL L
B EFEE SRR RPN AR 7 (2001) 73 E BY B2 Y43
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NI~ N2 3 3¢ 4035 2 3 2% P10 0 B 7>0 & 34

05 &£ & B - dz X143V iRAR > P eha Py T RZ BT F
OB RRE S 2 BH2000)wm 2 ¢ 2 j BB A2 2 (2001)2 3w B ok
2 &7 X1 44538 4o B 3-5 S 809TF 0 SRR ARAZE L K 033 K +x P~ 30m & A o
Pt BO R E M T G 0 T A R X2 40 4o 6 B 3-6 4 F 0 iR
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B 3-7X33 =% 2 ER M (B:cp 3 B 42 2001)
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eecsmew Lifting cable

A
M
M
Outer barrel . i
(extends to surface) N
; Overshot assembly
Moad
-
.
5 Litting dogs
ey
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- Spearhead
\
11
]
i
3 Latch retracting case
\
Jt Latches
¢
]
]
moeeed B Inner barret swivel
§
\
|
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A |\
4 ) Inner barrel
3
N
N
]
=1 i hell :
eaming shell - Core catcher box
M
".k-m—-ag
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Principal componants of the Longyear NQ-3 wirafing drlling systam
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REL B TR PIUEEY R EEEENFRI PR X E R
Rl T BT 0 @ B F k2 /7 iR A 0 RIF AR 2 A
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Bl 3-21 = ARV RS 4R BRI R P & 2 W% 0 2000)
322 HHERE

ARy 23 Bk i B R 5 # B Robertson Geologging Ltd.2- &
o AEBF AL ZBIG o Au 5 LR B(Sonde) ;s 2. F AR R

(Micro-logger 2) ; 3.2 4% (Winch) o 12 T 44 £ 30 ix % B @GP -

1. FRE -

a. BRIFPRIBER23ImE £ 48mm - H A & d = 3Mipdrles > o5l
TRhEa ﬁs?] 7 % (Power supplies and communications)~ # & Z_i %
% (Centralizer) ~ 1 2 p *z3 42§ & @ g ¥ (Rotating ultrasonic
transducer) > #3407 B 3-22 #7oF e

b RAEEEEILRE PGS RFAIRER A om P TR S
GRRGR S S 3 S %ﬁﬂ MY P IV Rt BB R

BOREGEY  RE 2 B kbeoa g REA O X RPN
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2. F

2

#

ABREEY CHIBENERAFRT AN TELF AR BUHT
W5 OR gk o K3V EEAT R BB IR by (amplitude) 2 4_PF (travel-time) B i
123607 & B AT 4o R 3-230 X W s G it Yo RII R
R bt o

kBRI EERE 1.43m 3 /2 50mm H 3 8 g Bl IEp R u)
Al kiR A T im48 & B % & 2 (Charge Coupled Device » CCD) % # p
AR E LR R E o 4o T B 3-24 41 0 B IFREEERI B RS
PIVRER o S W R ALF S E e 2 BRBFHBE G ¥
3607 B B AT o

Ffgp-s£ % ¢4 & d Robertson Geologging Ltd. #7#7 % ¢ Micrologger
KFEP-4oB 3-25(z)> Zf1* £ 5 USB fim 2 dpdlit p g B R 1 1%

$c8 THIRAT j 2 £33 % %> it ¥ 17 o

S AcR] 3-25(%) 0 AR F R S A2 e RIFL AR R 0 BE

sl

FiTIaN

i# 3 5 20m/min > B+ 7 & 5 80kg °

‘fi\ CiRpte R E
/ 1\ Power supplies and
( \; comunications

Pk R
Centralisers
- /

(H))
-
|

|
J '\ RS ER T

Rotating ultrasonic
transducer

B13-22 34 Bt B RE A7 LBIGE P 3 28 2006)
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Travel-Time Amplifude-

Bl 3-23 34 B2 1%

il \;r\ WHMSEAEHEE
/1 1\ Power supplies and
(| (] comunications

FoEM K E
Centralisers
- «/

& B T 484 8 & 7t (Charge
Coupled Device » CCD)
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ATt o TOAREEF R FRRIEOR o RV AR F o TR T &t
NIVEEE 2GR A BERIFRATZ ER TR A

oo B VAR 34 R 5 360 samples/rev H 3FpliE B K ¥ % T4 2m/min;
k& N R R 5 720 pixels/rev 0 B 25 pliE B X ¥ K A Im/min. -
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= E5 0

a7 N Frac luie

IR b 6 1625
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N\

o= tan 1 AMplitude
Dip® = tan 3ia .

Strike = (175 - 80)° = 85¢
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33 MpItp BAEREIT

N RABRARP NS Bl EE P S MRAE R
Rz SEP R 34 SR T o RV R R AW BT
3.3.1 x3L 2 B
RABRZZEY AP R FHEFHFE F AR G

Itk T RIS (T f AR b r B S PVC F KA
f&ﬁfﬁ*v?%é%‘*l‘ﬁb OSmﬁi}i‘i— JRT » @k TR MRV 0 5 S

?ﬂ*

THRE ]I o R T A BT TR R%R Y SO RA
2Bl A 2 FIEIE F A BE PVC B2 2 HEFR(F E-KE
7 FliE 2 GBS T4 ) o 1295 Nigbor and Imai(1994)=%= 5 o1 > i@ *
FERHEE R EE f A2 ¥ (Tube Wave)sh i R0 Bk i chE
RloF* PVCEF RIERZFER) - AL R X135 FRR
WA LI TR ERIE 2% o R B-PVC B F ok I RE o

332 BHRKRE

B 2%

\4

7,\4‘&
fin

ML P-SHBRAAZP AO0Y0 2F2AK LEVA
>11.EF BRRE £ B2 4RI F (Probe) ; 2474 B B (Suspension PS
Log 170) ; 3.4 4 (Winch) o & 38> R B2 4o

1. 45 R ¥
a. 1 &L RK - ;‘)‘a;p{ﬁg«frﬁ EE L BT A - W > do] 3-30
R RS AFAT BB RIES A2 4R 331 4
oo AR A F R R TIIRME AT N WY RS - RS

(pressure wave)’ i34 B 4% = 44 (P wave v S wave) ik - @
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HI AW F LA MA BRI F - BRBRETAFIEL IR At
Mol P Lk 2 B 4 R (pressure wave) 0 F 5 i X L BT
(Ogura > 1988) o ik yp s if & AR R F RIRATA 2 o F 4 3
500~5000Hz 2. R -

SREL - Bz R B 332 o B 5 A B ROk
FEXYy PP TREIERBE > V- BRSERRELRE(Z 3 v)L
TRERIMEREE A e A EFES 12 7 2RIIIPRE Stz
R RERETTED .

e TR R L

F* p & OYO = & #7% ¢ 0 Suspension PS Log 170> = <] ~ £ &
#AELREF] ~ CRT ~ 718 ~ TGRS 2900 > B FFg4e™ 977

'fr—rn{,g s D A LTI o
B’ingjw Bl 2~200usec > ¥ 37+ W B I F

FEF TV EFBUERPRAICS A 0 5@ H ez BRI H e

?ﬂ
g
%up
'
F}.
N|
B
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b
e

ik iPTIox o
RTFHRT FREHA S E L S E R NE o T R g

KA > P TG A 3S5nch B P F o P SR AR LT

IS TR T LIRS 2o
-

!
HBRRAILS BRABL B LTS BEEY - MR Gk P IR
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Bl 3-30 BoRer s B ska ()i (L)(Bip thi & > 1999)

Structure of the source and
Description of the Generated Wave

Source body movement
produces an S-wave

Structure of the source

Distortion of the source bady
wall produces a P-wave

Components of
the generated wave

b o o o o = = e — =]

B 3-31 BRARIET LBGEE R e & 0 1999)
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Vertical -geophone unit

—_—Horizontal geophone unit

Xﬁ(%&%V
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i

W~
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8|

(O8]
o8
N
i
S
W

(Geophone): & BI(dE A & & > 1999)
333 & FHEMR
ﬁwﬁ’ﬁi%%ﬁaéﬁm@¢iﬁéﬁﬁSH%%%’da%&
WHBREF R FaRT S 0 X LR &ﬁﬁ TEL e EF RIROTAD
F oo B Resipt RIRARE A2 - BEADF R
ﬁSHﬁwﬁdéai—%%éﬁcwﬁéﬁﬁ’ LRE L Bz A 5
ERA Rz P HinAR B 3-330 0 = 0% sz TR LA A - B
FRZAE TR o AT X1 IVFER 30m BEFEK G AT REY
1m> &GE%ER 38 7 11~30m 2 #F > 2 515 Im T - Bifo @ &
PSR BRI AR 2 AR L o AATY L NEET & B
FooFRT-BRERPREERF > VR TR T & CRT ¥ %2 * |
%%N&m%’ﬁiﬁﬁﬁﬁK%ﬁﬂm4%%ﬁ§ﬁ&@??3ﬁmh

@%"%ﬁﬁﬁ;};_l ’ ,ﬂﬁjg quaMTKIT;F’ nﬁ;‘L—;—rﬁj\ l |/ﬁ\1§ o
334 FALA 5 2

ML P-SRER FRAFIP AL - RAF pALATHNI AT L
@@«ﬁﬁ%@@%i%%’%éﬁéiﬁiﬁﬁﬁﬁ |k > A BT
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AL % 4o 3-34 77 o B Y HI ~/HI ~VI 530k g Borhjzz ¥4 1
(SV ik SH)EREGH P ) FILH2 ~/H2 ~ V2 5 77 30X L B4 e
Z WA R BRI  FRP AR EFRLRAE T T AR BRI

ZAGPERRAANTES X F B2 FEHP L Sd N7 LERLREE -
V=L/AT

AP Vg Himioms
L:ZpBFE-HES 1 o8
T: g Bz pGprR L

H1+H2 & 33t

R K o S

H1 ~ /H2 18 4

Bl 3-33P-S A BRIAZGEE A HRE & > 1999)
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Suspension 170 Wa, 30

1D.NO. : gl
HOLE wo. : O
BEPTH ;38,0 {m)
DATE D 040108 1155717 AM
H-SAMPLE RATE: 50 [«SEC|
V=-SAMPLE RATE: 20 ([pSEC!
PULSE WIDTH ¢ 1.8 [mSEC)
DELAY TIME : O [maSEC]

HI /H1 V1 H2Z sHZ vz
GAIN $X100 X100 X206 X100 X100 X200
LCF(Hz] : 5 3 s 5 5 s
HCF fHz] @ 20X =20% 20K 20K 20K

STACK I ] 1 1 I
TRACE SIZE : |

H=TIME SCALE: 0.%0 [mSEC/LINE]
V=TIME SCALE: D.20 ({mSEC/LIMNE}

Ts

Tp

H1

ZH1

Vi

H2

v SH2

va

20K
I

Ts=2.50 [mS]
Tp=0.47 [mS]
Ve=1UTs=1/2.50= 400 [m/s]
Vp=1/Tp=1/0.4752143 [m/s]

B 3-34 LN P-S st ERES
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3.4 ¥ TIEFFRIFHT

FI* LR EF A RTEF 2N Tl TREFAF 2 AEF Ja
B o AR 1R9R 4 Lt AR e d B T R RE T h T e
Z AP Pad BERZRIEFLAGRAPTE RZIAFIFE 2 H 0
Bz ptem BIEoR K B TRz o GRG0 HIE A 2 R
FULFEARIR R TR B4R TR R L AT

341 HEHERE
ARG I ebomipl B R 2 MR RIS # T IR4E R Rt T et @

ERAIFAT 0 FRETHRLTRLE(RIEF) KBRS AT RS
IRIS #5 B &k 4o B 3-35 > 27 ¢h »5 Pl B fie & 4o 7] -

1. i #(IRIS)f= SWIFT
2.k T iz & 3(GPS)

3. § & s (Cable)

4. T r5(JF & % RS232 i - 38)
5. 22 R T &G

6. FEHRA(T-H)
712V & F T4 BB

8. TR (ZRIBEAFHET)
0. oKk kET )
3.4.2 B3 ¥ (TR

ARFEERIEE B LB A s e RO TBEST S BELSF

Bfoar o DRV HR TR oS TR R R o



TaE R (B 3-36) 2R EMER e Ap3
B4 ~‘g«f~%§%¢zﬂi X 50m; Bl X 30m ¥ B g2 24wy EE

"‘:E: ' m %@/PJ \d -,g'\x;l‘l;i‘ ‘gp

2 -5 7 4 £ # 5] (Wenner-Schlumberger array) ~ 8 4% £ 7] ;% (pole-pole
array) » 1 > LIEREEA WE B 3m & 2mo TAHREP T 5 36 17 0 ISR BE
% B~ %5 105m & 70m °

WORE AP IR F R FE(Q2 & 3m)dEit o I Bk T 4
TRRET AN TG AHET S 244 0 £ & 30cm E /& 1.0cm 0§ o~
P45 15~20cm iF > T ERARpEE FEPLET R+ & S500m & T4
TRT R M TR RBRF BT REFZAIEE  NEFT &
TEF o %’iﬁ@%ﬁmﬁﬁ*’ﬁ 2 DB RIT 0 - BRI

PR dEI S "]‘4‘1% Ko RS R E P RE R o {536 S F Rl

o bR w BT A2 B enR rE e (Resistance check)t— 45 At 3 & @

3

LLER D A TR G R R A kR R
PE 5 4] 3-37 £7 [B) 3-38 -

343 FHA I

B HE Rl R 2 TR AR WA T IE S 2 g (Apparent Resistivity
profile) ¥ % » Prosys. Il » 7 #c % > 7 £ 2 A L2 FAERE o BART R
BEE A I T bin A58 F A, S TR 5 dat £ 0 £ %~ Res. 2D
INV.Z F B8 R F B SRS FE e @i gpg

3| m B](True Resistivity Profile) o
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Bl 3-37 RIS - BB

Bl 3-38 PSR- MHR T
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B X K %1 (m)
Bh LfE | | E | sans oK f(m) < (m)
(mm) | (mm/hr) | -k F 42(m)

G 85 356.7 17.0 27.55 25.78 1.77
1899.97| 1901.74

% ia 86 2493 24.5 27.38 24.50 2.88
1900.14| 1903.02

i 87 309.2 25.9 31.39 2543 5.96
1896.13| 1902.09

FHi2r |89 348.2 36.5 27.05 25.30 1.75
1900.47] 1902.22

% #¢ 89 220.2 16.0 27.55 25.58 1.97
1899.97| 1901.94
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2 S5-1C-N2FH=pBR T2 P RFRAEFNTHF L

e s | F st (g I 2005 200 GGl Lo

=3 s i P R B A, e 2. F!?A(#E%M:) SERVERZE | BIR | F KR T RR 13

s )y | (mm) | B g 2 %) %) |(kg/om?) (kg/em’)| (kg/em’) |

Wdjggv lagpe [£80 g £20 Mg

C-N201| N-2 |55.65-55.85/159.50/61.00|2.61| 6.52 4.63 39.67 | 4047 | 53.81 54.90 4.00 2 2 0.8
C-N202| N-2 [56.00-56.20({167.00|61.86|2.70| 10.83 7.82 48.52 | 50.16 | 40.65 | 42.02 3.00 2 1 0.88
C-N203| N-2 |56.17-56.35|149.50/61.45(2.43| 3.92 2.77 4895 | 4954 | 47.12 | 47.69 2.00 1 1 0.79
C-N204| N-2 |57.15-57.35|162.20/62.10(2.61| 27.36 | 20.82 | 5747 | 62.64 | 15.18 16.54 4.00 3 1 0.87
C-N205| N-2 |58.30-58.50(155.20/61.802.51| 10.10 7.26 48.06 | 4958 | 41.84 | 43.16 4.00 3 1 0.83
C-N206| N-2 | 54.5-54.70 1150.42|61.802.43| &.92 6.40 3797 | 39.02 | 53.11 54.58 4.00 2 2 0.8
C-N207| N-2 |54.70-54.90/167.00/61.90 |2.70| 12.06 8.74 54.44 | 56.50 | 33.50 | 34.76 4.00 2 2 0.75
C-N208| N-2 | 55.05-55.21167.20/61.86|2.70| 6.02 4.28 52.37 | 53.34 | 41.61 | 42.38 5.00 2 3 0.82
C-N209| N-2 |55.25-55.45/162.64|62.00|2.62| 3.62 2.55 5237 | 5295 | 44.01 | 44.50 5.00 2 3 0.85
C-N210| N-2 |55.45-55.65|155.40/60.12|2.58| 7.05 5.03 34.61 35.36 | 58.34 | 59.61 5.00 2 3 0.85

e
T

DR A C LA AR AEERAHE(S ) N2 S IVEEA L

146




7 52 FMAmEE A AT HE

reem o FrR | £R | 1 AR | | R | GOoRRR | F KR |
ARER R ) e | m | Y e | o | ) | gemd) |kgemd) B
SG-N101 N1 | 18.23~18.38 | 152.5 62.9 2.42 47.39 60.83 65.3 4.50 2 0.75
SG-N201 N2 18.4~18.6 152.3 60.9 2.50 28.93 25.52 30.90 4.50 2 0.81
SG-N202 N2 44 .8 ~45.0 | 153.47 62.2 2.47 27.58 27.25 30.44 2.00 2 0.85
SG-N203 N2 53.4~536 |183.125| 61.15 | 2.98 33.13 33.79 39.38 6.00 2 0.86
SG-Ah101 | Ahl | 37.03~37.18 | 151.68 61.93 | 2.45 3.84 14.53 16.81 4.50 2 0.83
SG-Ah102 | Ahl | 37.55~37.75 | 153.49 61.63 | 2.50 16.61 17.28 18.96 6.00 2 0.75
SG-Ah103 | Ahl | 37.80~37.95 | 152.32 60.97 | 2.50 51.21 56.86 61.70 4.50 2 0.77
SG-Ah104 | Ahl | 38.70~38.85 | 159.49 61.19 | 2.60 19.41 30.11 33.91 2.00 2 0.82
SG-Ah105 | Ahl | 38.85~39.00 | 155.28 62.21 | 2.50 27.66 27.89 31.29 4.50 2 0.83
SG-Ah106 | Ahl | 39.55~39.70 | 150.55 60.61 | 2.49 19.76 17.44 20.00 6.00 2 0.76
SG-Ah107 | Ahl | 12.00~12.15| 157.00 60.96 | 2.57 12.40 23.07 28.06 2.00 2 0.82
SG-Ah108 | Ahl | 16.80~16.95 | 164.92 60.24 | 2.72 2.70 3.89 4.80 4.50 2 0.87
SG-Ah109 | Ahl | 19.85~20.00 | 151.59 59.37 | 2.55 3.93 3.02 3.47 2.00 2 0.85
SG-Ah110 | Ahl | 17.05~17.20 | 169.13 60.92 | 2.76 2.32 5.02 6.39 2.00 2 0.89
SG-Ahl11 | Ahl | 17.25~17.40 | 152.88 60.92 [2.510| 17.91 18.40 20.21 6.00 2 0.88

L MELE R CSG AL AR AT AIK (FZ48) o NIL-N2> Ahl 34504 o
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# 5-3

FHA AT A

‘ irs kB A48 é 0+ 200 BLEF LT R FoRR | g R R

S B 7 & (m) Bvalue | o 5 5 5

(%) Sppz (%) pEkz (%) | (kg/em’) | (kg/em’) | (kg/em’)
C-B101 | 13.10-13.25 14.233 0.92 4.536 54.2591 4 2 2
C-B102 | 13.40-13.55 12.396 0.94 3.114 51.8371 5 2 3
C-B103 | 13.55-13.70 10.122 0.97 0.862 53.1812 6 2 4
C-B104 | 13.70-13.85 13.976 0.97 0.064 77.4628 4 2 2
C-B105 | 13.85-14.00 15.399 0.94 1.424 73.1098 3 2 1
C-B106 | 15.00-15.20 16.239 0.91 9.541 45.1722 4 3 1
C-B107 | 24.55-24.70 13.465 0.91 10.34 50.88 3 2 1
C-B108 | 24.70-24.85 15.11 0.97 18.47 31.342 4 2 2
C-B109 | 24.85-25.00 13.893 0.89 15.3562 52.3462 5 2 3
SG-B101 | 18.80-19.00 6.62 0.87 68.23 7.2628 0.5 2.5 2
SG-B102 | 14.55-14.70 12.863 0.76 13.55 36.8664 5 2 3
SG-B103 | 14.75-14.90 11.744. 0.83 15.76 39.3871 4 2 2
SG-B104 | 17.55-17.70 9.155 0.81 29.58 27.4759 4 2 2
SG-B105 | 19.65-19.80 5.496 0.85 77.18 3.9433 6 2 4

TR AR CCHEAIA AFEARAME (Seag) SG: Z A FEEANIAIRE (F-8) Bl itgs
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154



Velocity (m/s)

0 500 1000 1500 2000
Depth (m) L1 [ 1 | I Y | | L1 1 1 | I | | [ 1 1

20— ==

RedgEhReEHL(S6) =50

RemsRrAeHEa(SD
25—

keniakedngai(C)

RemSRASHFERSD

SJ

%5 ue

B 5-6 3y P-SLkid e BoH i85

B 5-7 N1 3“® & 26~27m £ < B %

155



C-N203

C-N209

®] 5-8 C-N203 £ C-N209 #42pe *

156



5.2 A& & 4F # & & & b2 HHh
5.2.1 %!tb‘ ]":L!j;n“i 1% Lu ﬁ'*ﬁﬁ'ﬁ&b“

ARL R RER DI TR A R4 RS BRI S S

FECRCE TN S AP

q\\

I PR S HRNE T

=)

B fp e
B I A EE RSB BRI FELR B
59 %7 & fh B RAE Y 2 B o o ABBURIT B G fE B AR VA A M
MOERG IR R o A A LB A & o F)R AGEA LA

HiFR AR FEAT R D

BALEZ o HEE - 2O R B RGSR T P2 EH T

TR B R T 2 G Z 8 4B 5-10 2 B S5-11 F P e T (&

V5 o (B 5-11A)
b. By HE2 - WRELHE7 L TL G ECE G 2 FH o (F]
5-11B > # B35k 384 7 5 4l >7 2] 9731

c. ¢RWHESIZBE T RALIIGHE TR FRE Ll da ke 2

K. o (B 5-11C)

157



Flanj CHFERAZ REHA A2 BRAFMP 25~ )
B ARG 8 Cafr FHA AR 02 o Fpt > F ASRPER D C A
FHER LB ER > L Fo? ANERERIGRE S A
ART o R 558 A 56 FRAE AR AL BRIFRE A F
HAgpt B2 B EphB B R - B THR o FA BN KL E
Efhtt x5 13~14em £ B R 5 238 22 3.060 & o1 4 L 5

Bpifp A PREOE LR " R 22 BRRIAE (SR Te

F 3 WE2006)3 T K 2 A ¢ F E A AR K B R A (F)
5-12) o TR 2o B A AR K oo FAE G 272 ABF(B 5-13) -
B 5-13 7 5 3] 4lm~41.3m 3 A S B H 0 FERTS A
RO B FHBFRTLIRF B2 5R - b2 BRI 5
90cm x 23cm x 30cm o I *%i% & 2 HHE I RE D e (L F] P g 2
$rh & BB A o

# 5-5N1 12~16m £ B £ Ehhe? B B v (G & 2408 24

% fih E B R
ToE 2.38 1.70 1
L 0.64 0.58 0

% 5-6N248~52m #H. £ BhhEr B RV GL 1 R B ke 803 0 )

£ ph ‘® 5 A
T 3.06 2.37 1
L 1.05 0.80 0

158



Volumetric Content %

80

60 —

40 —

20 —

Y=1.113X
R2=0.966

10 20

30 40 50

Superficial Content %

B 59 & 4t 29 %

R SRR R

60




Bl 5-11 o ¢ = fBEaT2 45 4 5

*

160
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