ot b TR BAR 2 RGFIE 8 2 R RIZ 47 3F

Applying ERT to Investigation and Monitoring of Soil
Moisture and Matric Suction in Colluvium :

A Preliminary Study

Frgd tdedk

R AT

dOEN Y LA g



et B R IEE AR F ok

H AL TR A
Applying ERT to Investigation and Monitoring of Soil Moisture and

Matric Suction in Colluvium : A Preliminary Study

LR E AR L N Student: Yi-Chuan Yao

hERE AT BL Advisor: Dr. Chih-Ping Lin

AThesis
Submitted to Department of Civil Engineering
College of Engineering
National Chiao Tung University
In Partial Fulfillment of the Requirements
for the Degree of
Master
in

Civil Engineering

July 2007

Hsinchu, Taiwan, Republic of China

PEARA LS ES



et RPE MR FRBFEB LB T P2 AF
B4l b R ST B

Rzl ~ A1 85 kplrr
PR

N HFREERRFBFE 2 RERE RS RR 2 A
0 AERDTVIRE S LT HEAFL T HIARA TP

HERlae & o HFER T RFLEE T2 (Electrical Resistivity

Tomography, ERT ) #7{8 & Bt BARMMI > FLAET ERUE T
FIERZA A TR HEFRERAZREE, G Ra A LG REE

SRR EA "/f TRBE LIEBRET A BREF ZREBE R RS F T
Wy FE o AT E- BFEAE S FEF B (Time Domain
Reflectometry, TDR) #7354 3+ > U3 MR F S Hiii R IeF 8 3 k&
Bz Es o upie- Al AR 2T Fio

AR AT 8 R AR R AR A

?_,Pf'_/il" ﬁﬁ#’ﬁ'&‘af”ﬁi Av\”‘fr#%; ; J‘%X '&%’ m’fi@.ﬁgﬁ E; %Fu
CRIEFZAAT-FRECRTEIEHREF 0 2 RGN H

TREERBRLEETIIREDZIAE > RS RARETILE S AR AR

N
=1
N

e 1 ’EE?JFP—’E‘/P'J%'J J&IRET & i r‘]é}k ;;)"[%m ’#‘?_‘]I'p_;%

TR MAE c P MRT RS AR O B0 55 0 %% TDR

i



FRBEET R OMEIEA G ERESE T F TS TDREEAS 3
BT p s MR R kB (PR RBBEATRY ) HRREM G

EFREF BUBER BERER FATE 2B FRE G AR HHF

M4EF ¥ 212% (ERT) i F 542 (TDR) #4E A ~ 235 k8 - 2

ig%%‘w;%

il



Applying ERT to Investigation and Monitoring of Soil Moisture and

Matric Suction in Colluvium : A Preliminary Study
Student : Yi-Chuan Yao Advisor : Dr. Chih-Ping Lin

Department of Civil Engineering

National Chiao Tung University

Abstract

The stability of the heterogeneous colluvium much depends on the soil
moisture and soil matric suction properties, especially during typhoon or
rainstorm, thus it is neccesary to_monitor spatial and temporal changes in these
two parameters. Because of highicorrelative relationship between the soil
moisture and the resistivity measured by FElectrical Resistivity Tomography
(ERT), this study considers investigating the distribution of soil moisture of the
colluvium by using ERT. However, the inhomogeneity of the colluvium not
only challenges the resolution of ERT. It is also difficult to calibrate the field
relationship between soil moisture and the resistivity through sampling and
laboratory calibration. For aforementioned consideration, the objective of this
study was aimed at evaluating the utilization of Time Domain Reflectometry
(TDR), matric suction sensor ,and ERT to monitor spatial and temporal changes
in the soil moisture and soil matric suction by laboratory sandbox experiment,
possible calibration establishment of the resistivity and those two moisture
parameters is investigated meanwhile.

First of all, the ERT forward model with mosaic arrangement was used to

simulate the complex geology of the colluvium to gain insight on the resolution

il



of the inverted ERT. The results show that with smaller electrode spacing, the
smaller distance between mosaic model blocks and goundsurface, the higher
contrast of the resistivity between model background and blocks, and the more
dispersive of the mosaic blocks, there would be higher resolution for inverted
resisitivity tomography. However, the geometry of mosaic block and estimated
resistivity value are not absolutely identical to the ground truth, and there is also
some anomalistic resistivity on both sides and bottom of the tomograms due to
the boundary effect. Based on the laboratory sandbox experiment which
simulates field longterm condition of rainfall and drying, the relationship
between resistivity and moisture characteristics, including soil moisture and soil
matric suction, is effectively established from TDR, matric suction sensor, and
ERT monitoring. But the hysteresis between wetting and drying process due to

instrument time delay and sample volume requires further investigations.

KEYWORDS : Electrical Resistivity Tomography (ERT ) » Time Domain
Reflectometry (TDR) ~ colluvium -~ soil moisture ~ soil matric

suction
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BLEL > &7 i B & ¢ (generalized Archie’s law ) 4ot 2-5 ¢
c=c-g,-0" (2-5a)

or

clo,=1/F=c-0" > B=olyy/rD (2-5b)

AP ocom i FfEo &AW MOF 3 % # %5 (Formation Factor ) »

Ik

0 =

Ik

Wiz Kk ;oK

ETY
[N
Il
)

WK IEFZHE Ly, B RE 2Ly gt o
md 25 ¢ VaHET RcEMB I REONE T 2B % o gt ¢t Shan &
Singh (2005) % # 31 (generalized Archie’s law ) =i * 4 » FIZiF 3 }}%
PR SRR TREE > TR AR R PO ERA &

2R RKR FEIRFELEREZRE T HET R E T 4oB 2- 5-Shan £ Singh
- HHEITR2-57 6, 2RI /FEODRIMGZ NI I ER

Brec miE > BRR4eH2-6 97 o R Al AR BT Gl
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PO CcENYEN L, A mEH A 1.5~2.0; AFaaghd ¢ oo cmid F &
1A miER A3t 1.36~3.5 =& bbb <> @ 3lifip il ?'}I?%(Williams and
Hoey, 1987; Rhoades, 1989; Durlesser and Stanjek, 1997; Worthington, 1993;

Auerswald et al., 2001 ) 2542 28 (CL) #2c ~miEF X AAERE 4
B ¥ CL>5% > ¢=0.6CL"> > m=0.92CL"?; ¥ CL<5% > c~1.45> m=1.25 o

Fpt o m BAER B AEAT L M R BER ARG A

8 T LI | T T T
L AN
(1, max.
6 i -
| .
£
W 4L f ‘ 4
n:D‘ II : .I"'-.__.
x ’
b oL [ . i
- ~
OLe—"  40.7% 'I
1 10 100 1000 10000 100000
w (%)

B 2-5 2 4 white clay (WC) 2. ¥ w % i* B] (Shan and Singh, 2005 )

12



3 T T T T

— Sensitive Clay
25F  --- Gravel and Sand

1/F

B 2-6 % 32 52 1/FE 2 9% i B (Shan and Singh, 2005 )

232 T HEBLF R FFESE (TDR)

P F &2 (Time Domain Reflectometry ) » f§ £ TDR » & - i * § &
HEFTR ~FEA 2 HAAREE N T J Rire il g ®
At - MEFETHEAE FWMTHE LD TABRLEFITHIERG B F 13

CRBHF S gL o THIESR A D TH e A E T HLE ~ fRET
G F TR Bt PR R B2 ] @R 2 124 (Impedance)

EECEE R S B R L L T SR g

s A H 2 ER S e A
bW IAEERS G 0 BB RILVFASZ ¥ o &{l* TDRZ
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B
Sk
{w
%

FOAELE R 3 TR I Ak REB P AR B
WEE AR RS LAAHREEIEE LY L TEB PR F
=~ %A TDR Z F St 5L 8 RIA R A2 h o 8 0 blded Tokizz &
RICEFERET ARG ) SpRIBEFLER (FingPrIRELIG )
BN BB T R - MR (N TR 2 IFRIEE) 2
BHRAF I FHABEF LA AT ¥ RS ET Gl Y - K

Rz GokRE I MAE o A BIY TDR BRIHEL 47 ¥ fes

i3

Ik

B GERL e E T AR -

En

2.3.1TDR & /p] % 5t

Bl 2- 7 G FFEF S22 KRR ¢ 7B ETRAZLE (Step
Generator ) %%%ﬁﬁﬁmmM)ﬁpﬂﬁl(QMMWwﬂ’Uiﬁﬁ
o ¢ 7 F#h A (coaxial cable) £2 £ jp|#£EF (measurement probe ) o 7% ffF

A4 BAL TRWNHFGL FHFTR > AERFEEHTEET A BT

R

bR B 2 K gL o
fI* TDR R ERIHFTELE - L FRHFE <52 f FRF24F
- BERFEFT Y IREBHE RS GRAR s N E BB S - ¥

S L CEREF VLR A L L E R
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TDR Device
L

Coaxial Cable =
Measurement

Probe

sampler
Step Generator

=

Oscilloscope

232TDR i & &/z k& &R

Topp et al. (1980) =7 %_& #hafiriy & #c (apparent dielectric constant, K,)
Vud B 2-85F F stghavb B2l A () AT

ko=(2) (2-6)
#He ¢ L ki (2.998x10°m/s) L L RIFF2 £ & o

F_PFeNL 77 F - ¥ R i 22 AE (tangent line method ) > 4B 2-
8977 » A £ 35 TDREPBIBA 2 AchF8al RBIFRFF b 2
A_PF £ od > TDR g B %k 752 A2 478 BL5 pF 3 % ;4% Robinson % (2003 )
231 * Heimovaara’s (1993) method > £ B % % ¥ % ¥-k¢ gy a) » LB
BRI B A5 AR AR B 2 RGP R A PE o Aot (2-7) 0

T=T,+T,=T,+K, L/c (2-7)

FUTE R AT R R B AR MEAE T, 5 AT AE R TR R
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B A ACEERER T R R R B A AR BRI B A AR SRR 4 P
Lo APHM Ge® 2-80 8 LAIZRRIBEF ] kR ¢ FRRF AL

FIFER ST A FIRBRALIOE AL PDEER -

=

Waveform of the matenal being tested
e

soil surface

a;!_('

Yoltage (V)

4 r b Veo
3 \ end of probe
2t Vo
1 Tp TL »
T
0 ¥ ; ; ; ,
0 1 2 3 4 5

Travel Time (g) x 10

B 2- 8 TDR *t 4 3 ¢ ek 2557 R, B

=
g
e
i
dat
-
%
=
R0
7‘_.
|k
(m
ﬁﬂ
gl
e
=
Y
)
4=
i
=
=
¥
7“_.
N
_f).
RiEN
ot

FHATHER PEORL AP AFREPA 2 ATHTL 2 BuM7 kE
#4341 (Topp etal., 1980, Lin ctal., 2000 )= 3 % & & £ 9 st = o~ 4L1
THAHEIEMHE I LEDgHR NN Lg% 29 2 Topp et al

(1980) #7442 G 2SN BN - 2 WA 7 kBB AT ¥ ez T

16



At AR GT HE LTS

JK, =a+bo (2-8)

23.3TDR (¢ B & B
$T RTINS TDRAA)PELE (p, ) LR ER P 5 § h3il 5 Giese

and Tiemann (1975)#73& 9= j* & i > 4r;¢ 2-9

Cor =ﬂ(ﬂj (29)

Ry \1+p,

HYFERF B licp, =(v, —0)/vy 2o AT R TR A v B LA

\

B2 TR Ky 5 A RE]IF 0 Rs 5 TDR #5-3k & P F0[EAE o 2 3%
2 A a R AART R 9 Lin etal. (2007) B ¥ B HRT e DC BT

TIETR > £ EET R 407 (2-10):

G:B[l_pmjk(Rcabzeapoo) (2'10>

#¢ A% TDRR Bl BIFEF AR F1 507 kRS FRE4g ¢ 5157 d TDR
BBk L R pEATR (T AR F S B RT o 4ost (2-11) 2258 (2-12)

TR L

L 1 (2-11)

_ Rcable ]_poo
R, I+p,
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_ RS
cable — 7, N\
1- Pw.sc
I+p,

Linetal. (2007)7 3 34z 7 TR T L enf 2 7L TDR & F i T8

R (2-12)

LF SHAlPr o B2 EEEF BT RRGA ) Fptied & (2-13) TDR #F
/E'J = %‘:.L :ﬁa F -&/‘J’I ﬁipsample }i\gi- E; }IE\; /?IJ % é’—; //T 4 ﬁj%— /Pll E’i l,l}/ J_": "; pcorrecled ’ "’E! ¢

gzjﬁ;ﬁéﬁ‘lﬁlj %E%'%‘H‘:’ }; ET I/’/é{‘:& ’ # jz‘pCarrected % B ’\‘ (2 10)

= QM_J (2-13)
pcorrected

24 3 E TR B R HoE (ERT)

R LT O BN R S R Gl e S B R e A R o R
B TR ENZ TR Fa g2 S o P I ARF A Bl e R
FEFE Bl en e * B s B L o = e 7 IR R 2] % 2 (electrical resistivity
tomography, ERT) » £ % & — MIFR L3 U o FRE 5 2 7 e F 2

BN PR A TR ERTIEFAGEY > A BPR RS g

A
=
A

FEF R FHE ORI Y

N
o
|l
&
—4
7
W
T
-
="
G
T

e

TR RRER o B EPNFI AL HS S TR 2

BE pREERERARKT ARG R RIS AT AT
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BRI RAEERI R R RIL 2 f5d b KAE R W20 9 ¢ R

BCIC2imrb k& d > B 41% § 4B P1 P2 R RIM & 515 peng 4 &

d

x\“‘\
|
=
3
SH
129
T
M
H

33
(apparent resistivity ) o # & [E& B 7 B B L&
S~ BEFPRIFRRARE 0 2 EAR S 27004

SRl SENRIEL SRRV TR NFE

mpéﬁ,@ﬁ%ﬁ%&&ﬁﬁﬂiﬁﬁzﬁ%ﬁ@i@?wwﬁ T i 5k

Fk oM -

b
bt 8

P AEFEE TIEFERIFF e A R 9T &% 0 2 Wenner i

legg o RRERY FAEFREFEOr R EEFLTLAERCI-C22 7

48 P1~ P2 k@ P £ F (IR 2909 47 )0 £ AFY %7 R THRAGE

By TTRFIEAGHE O RFARFS P IR R PR T S

FE o

FaHm T rEE e (Pseudo-Section) o #s 5 d AT EEEFE T

E// - -

Biflh o FEroT j25 i (Loke, 2003 3 % i=5%,2006) -

TEMELS

1 234567829
5 1

10111213141516171819 2021 C1 PP} §2
| | ) e S (<o S|

. o...o.o.t.-.l-....i.u.-.-.o.-.o.o.t- g ‘\_c@%‘

RPN N N N R N N R N R ..
CEMEA et
Sty @

Bl 2- 9 Wenner # T[RRI 2 BF LB (3Fp £ =5 > 2006)
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241 B RIEZAXRE

TP T > 0 TS A A BEE 0 4ost 2-14 2258 2415

voltage difference (volts) AV

resistance R (ohms) = (2-14)
current (amps) 1
resistivity p (ohm - m) = resistance lengt‘h _RL_AVL (2-15)
area of cross-section A4 14
EEAIE ST F RN 2-16 ¢
AV _pL (2-16)
L A

B 2-16 ¢ E B L ABITH R 0 TP BR M E P BRI Epls

— gradV = pi (2-17)
He |25 H - REre 2 ARinpA o

BIEEIAS B L - BRPOFrLE U2 B g3y 2% - BE
2T Cl * * ﬁq?l)\ s B LA T m o 4o 2- 10 21T 0 BT m T e
nE A sk e b aE D PR R E R r R R A S

1
= (2-18)

P EET HR L —oV/or 0 BHN2-I8h TR A 1 AN 2-17 BT

#-38 2-17 228 4T

oV _ Pt
or P 2mr?

(2-19)

TR BEH C R or AT T g ff AN 219 A @# 3

2mr

[ i
v :I[2Zr2jdr= P icC (2-20)
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220 WL X Epelp? > RBH BT HRIEY r A2 T iAo Y

FIC LA TERA F o AEBE =0 V=0 S EF C=00 T §

gL o BRTEATA L DT IRFA G o

Current Electrode

Equipotential
surfaces

Direction of
current flow

B 2-10 gt nBB T =42 % (B:xp Loke, 2003)

EFHEREAGRA BTIECLCo doB 2- 11 %57 - £ 2 &3 TiiiE
LWGERA BREEPL P, R B Cl G2 B enT L8 - Cl 5~ 24
TAE AT A7 0 Co R 58 N TR £ ¢ CL4e Py epEde s RI Py
fo C2 chEEdE 5 R2 > Cl fo Py B4 2 R3 0 Py fr C2 shiE4E S R4 133550
220 #T@M 0 Cli1E C2 %Py en oA w5

pl
Ver =
2R,
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2 Bhen R vy o PP PLen® R340, 0 T

pl( 1 I
Vv, =t | - = 2-22
" Zn(Rl sz ( )

2w @ Cl 2 C2# P2 g 5

pl( 1 1
v, =P -~ 2-23
" 27:(R3 RJ ( )

S8V, BV, AR [ BB PL S P2 A BT L

i

p= : N = (2-25)

B on/G R B 5K B2 R mpa) 2 3ta B h RAR

{E—?H%j /‘tij?’%/ﬁ’hﬁ-lzﬁ—bﬁhﬁ_l”ijmq_‘rp 7‘1}\"“4%
ST 0 @ BAed A A PP F) 3 erp] 9 AR 1R @ p, (Apparent

ReSISthlty> ’ ;‘_EF ,4,\*1—"- AJ Ao 18 'J.:E’t .’? b é] ,‘?_‘ Fo_:

-l,.nL
@
o
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- —O—
0,
+1 l l -~/
T' p 1 C
C| :* R1 1,1‘ RIQ -;i 2
:‘ R | I
3

R

B 2-11 2T &7+ LB (2:zp Reynolds, 1997)

"!"_E B-

FIYEF FFU T

I + | t 4 {t)

AV
e

B 2-12 v t&a i T =4 % (Telford, 1990 )

Telford (1990) 1 % /it JEL IR R ch U B % > $HI9F » K ok T

TR PARMIE AR 2-13 5 o B P L 55 TR Cl~C2 ahjedt >

X EPBEPI L EClagEd -z 5 PRIFR > nEn 455 Cl-C2
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Fo P BLenpEdr > IBX PREGVR T RN AR G J, 0 RBIJ TS

) :_LG_VZ_LQ[L_LJ%F_OC—% (2-26)

! p oX 2nox\r, r, 7,
o=y B 2-26 38T A ff iAo T

y oL, _ (2-27)

BHps 2-27 ) BRI IEfFER e 8 P B R T B R R H %
YRl 2-14 277 0 FRE FELRE R ERFIER > EF P ELGUER R 4 0 B oK
TR RAEJ EBRER A RRAP AT HITPENE- BIER 2R T MR
FEES < cnpFiz P B-R TR IR BB I & T B EL=V2: 5 E

d 4 (o

Bl 2-13 25w &7 Tk T 0% A& S P S8 (Telford, 1990)
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10
Jy = value of
= 4]/ l?
08
_ /." - -~ ~ - -
// T3
Sy
S
06 d /
z const.
4
/
/
04 /
/
/
Y, L const,
/f
o2,
/
/
/
/
1 I 1 1 i
0 0.4 0.8 1.2 1.6 2.0 L/z

Bl 2- 14 T 54 pEfoif B it 2 D@k k = 3 5% B % 1 (Telford,

1990)

Nostrand £ Cook (1966) # ™" - B7 3+ & T iitmafe &k ~ 1T
SR B AL st 228
i=Ztan”’ (izj (2-28)
T L
FU# 3 228 hB ko T OREFHEFTR AT T IREER A iho R 2- 15 97
FoFz=LimE o n g S0%hT I ERRR > g Z=LpF o Bl

T0% R il 3 Flt g AR EEAR S PE o £ 5 S PR R N RUF S K

F\o

25



100
80 - L g L ;
70% o
= i o 3
g &0 "
3 50%
= r
2 40 - ; =L
[+ [
_ . =L f2
7l ¥ , r — . - a
0.0 0.5 1.0 19 210

Depth f current electrode separation

Bl 2-15 2% & 2l g~ (Nostrand and Cook, 1966 )

B 2LIS e K FR T o Hubbert (1940) 3 21— B 2307 2 2 % &
Ja T AT o KRB A DT IEF ALE - B FikiE T o

TR LTI R 4egt 229

tanb, _p. (2-29)
tan0, p,

YeBl2-16(a) NP 0L RIND  BERAL AR p LA PR DT IS

—ré]ﬁ_,]x p“%[\}ﬁ]a_,f_"’ gﬁ_,/n/n)‘—rﬁ]/\;ﬁ :/n’ g%
wE S AeB 2-16 (b)) F 2 F T R RTIEFp, 3 AT S p, 0 BIRIE

e TR AT €REZER 0 4oB] 2- 16 (c)eo PRy iEHTIFRE 12 » Vi
VOB IR i 2 iﬂ’%ﬁ'#«}é]gé'pmmm %R BI  doB) 2- 17 0 B 2-
17 (a) ¥ #TH 7 chE35F# g FinT > T
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p,=p, T IR RAEAL T liﬁfi'ff?““”’ p, B p,>p, LN IR A F
S K e o deBl2- 17 (b)) F 2§ p,<p, 0 Rin R AR

B9 AT A 4B 2-17 (o) -

(a)

(&)

(c)

Bl 2- 16 2325 = & 2 /idrst (Hall, 1992)
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e, B i, (0, LS
A A A

P2 Py

ER

~

{c

-~
o
~

()

v
e

kT

ﬂ?*fé

2k )
(2-30)
&= FRE > z B

A

° 95350 2-30 0 )

‘ﬁﬁ*

v e

w, /-
e

2

1‘

3

kB

]

BV R
PEE > a
ai

2

|
v
e

&

ar

E_IK

% R 4 (Hall, 1992)
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h oA
/-
2-30 :
S
puN

v
=

S
;Q
v L

2

T

51

17 2:*

Cook (1966) # 1 ¥ —
18

LU ’4};\4 ) —!1‘-:'

%5

7

R 2-

HF A

]
-~

[

<

Nostrand

om

LW

£
V¢ Rdcic @) 2-

7l
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2- 19 3 Tim s BB FEHET A EnTInE A LB 1 Z=3a 5 bR
o ¥ k=04 pF 5 TRt R oG TR 2L H]K 20% 0 v k=-0.4 FF > P&
T20% 0 FPt AT KA ORF TR AFTRIEF A E - TR EER A
PRPRTIEFHFE F 25 k)W OFR e T ERRKDOTEFAEEY >

P 2% 27 Hubbert (1940) s #Apet & o

v

B 2-18 - kT & & 5 B %# (Nostrand and Cook, 1966 )
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80 4 - 20

60 7=32/2 T

40_\ L 60

ﬁa

20 4¢ 3 - 80

Percent current penetrating below interface
Percent current flowing above interface

0 ¥ T F T ¥ v T ¥ T ¥ T ¥ T T bl T * 100
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
T- P, P,/ P,*P,
Material below interface Material below interface
perfectly conducting Homogeneous subsurface perfectly insulating

F2-19 B - kT %G Fmf A W3R ® (Nostrand and Cook, 1966)

242 = ¥ TrwR AN S
2421 %R RIE

IR R o RPRARRI P TR R PERRIFR S

=H
|
RS
?-“:

M=

Rt 0 Bk kR B IR FEEOT RS AT v phrdg DR
THRTAFET VP RINBEY RIRRE R ORTIEFp, !
_2mAV. 1 _2mAV 1
S FEA I e A o
R, R,) \R, R,

"F"\ ‘:J 2TC/G é}%f?#E;IJ%:Q:&K, _‘T]Z Fﬁj?%ﬁ#’s}lj—% ;\:r'ﬁi o — ‘ﬁ;,#: ﬂ,ﬁj%ﬁ

(2-31)

B 73 N o] 2-20 A7F 0 @ E RS S SNIFRINRIT R G e By 8 X
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FAERIERS FTER 0 S TR IR K 05 (7 BT T R4 )
E o LIRS N A e R R AT de v R T R

FEE I IR R

¢ P, P, of

o P e T L F Wenner

C? na P'l a P2 na CQ

e »(e »()e @  Wenner-Schlumberger
& o P, P,

a na d : :
o———0- rg———0 Dipole-Dipole
or e S P, P

ha a 2 .
®- >0 9 Pole-Dipole
(%)
C (o)
2 1 2 P
® o - ® Pole-Pole

B 2-20 = Sk T4 A 2 50

r4 Wenner & 5 0 FREAZACR] 2- 21 T 0 AL - BR AT

P

ANFE -85 L HITAEClLI-C2 s - A BES =L 5T

\H

#%& P1 v P2 > T 4245 3¢ 2-31 3t Wenner £ 72 ;8T e o £ Bl R IZ > 4ot

FTERINYE - BEAARTIEFE oM A - BT HRFIEZT w4

i

‘Lﬁ

T
AETHBER TR L A A BRI LREL TR CL A
C2 =45 L4574k Pl 4o P2 mptagds > v R3] %
- AARTEFE EHFLEY R EFEDS L A B 2R 2§

FENITEEFFE TPV ERIDNFIRFRE G TR LT E o 4ot & f 35
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1 23 ﬁll ? (lﬁ 78 9 1011121|31|4151|61‘71|81|9%0%1
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L ®* @ L ] L ] L ] L ] L ] [ ] L ] L ] L L ] L J ® . s .
® ¢ © © & & o & & & ° 9 . ®
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2422 TEF| 3 N R

BT E (TR TIRIFRIPE 0 € ZBOTIED E T h ARIF R P DREH
RIS 0 A PET RPN A ERS R DR Y g 1T
sz B FE kiRt t (1) mEaR (2) VHERFRE (3) L2 2K w3
Frae 4 o

WELRAS T X RAR T - BERT R T RS PR

| S8 K & F v P AR R GH: S PES] Sl

1/K o Edwards (1977) # 41— Blix%8i ZJL > # ¢ Z AFFPRIFR > L R
APIMEFE MR LTRSS VB A FRIFR c I AR R D B o
P E_HpISRE FES i 21 @& s EAEd 0,025 22 3] 1 o8 ik T ARp S
TRACAR R o R RS (e > 2005) -

WP 2T RPN T BRI BRI T UHT LD
TP RN A A TG 4T f2 o 12 Wenner 3 b k> B F4EE 72
B2-20° TR Cl~C2 fevh » R4 P1 P2 > 2 37 R 5 FF g

sl B AR flick=2na > LB AR TR GBIk i 1/2na

\v

BH s DR P S A RAPEIUEL R R AR M s B R e o F)
d* Wenner if & % B0 E RGP ez T bk 0 RE A F e K FFEATIE S en
oo 9 Edwards (1977) #& 31 enipliF S8 > Wenner dF BIIFR G 5 B JE

10173 B ApHE Y TR K SR A o RB G IR D6 hE % A5 Wenner
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PATHOTEFEHRN LI o @ NAEARS  TIEFERICPE A
KT e BEE o FIPEE S R R REIORT S 5 0 FEE R S
L8 v T RT KR > 0 Wenner X F R € F PG IR % o

Rh b AT R AP S Reng FR S N AR Az 8

Ik

AE=ZES L BT SN

% 2-1 i*&/? % g J—"\‘ﬂ‘r'z\m

P S~ Ze/L
E R = el MELE R % ¥ o iE ﬁqﬂ}fy TS
(Ze:BliFE, L - & §E)
Wenner 127ra (A) 0.17 (D) T3 e
Wenner- , L3 @
I/n” (B) 0.17 (D)

Schlumberger o]
Dipole-Dipole 1/’ (C) 0.22 (C) ]
Pole-Dipole 1/n* (B) 0.36 (B) B
Pole-Pole 12ma (A) 0.86 (A) A

[:£)] S5 A%E > S5 DAL

s % &5t > Wenner array { Pole-Pole array ¥ & 428 &/ » 40 $30 55

B $3% > 2 ] 5 Pole-Pole array hg itk C2 frd 4& P2 5 7 & > &
Jﬁiﬁ?? o €l E RS eI o T M gL R 2 2 Wenner 0 ¥T 1Y
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Wenner fiif * 300 TRl A P a2, A2 0F S 0R] 2 0 5 FRLER IV Y
Pole-Pole array =5 ip|iE B & & » ip|i% %% Ze/L i£ 0.86 » @ 12 Wenner array
£r Wenner-Schlumberger array = &< £ > #3f * 0% & = TR R R FRIAY
12 Pole-Pole array 7 2 3 23 & 7T $ K enfidfra 4 0 il e 27K T

vy BB RIRRD I BFRI P DRERE B GNP S

ETTS
P
e
&
h
N
A NENN
Sk
)“ N
E_&ﬂ'
‘.\.it
A
)
h
5
A
¥
(IXJ
%
_“
X
4‘.
R
s
=g
F_&
=
A
K3
e
a\

w7 ARG P AR BAIT ¢ e Ak u e 113 2
(Loke, 2003) 5 g #F » RIS B h B Ratd > 4ol G BHEd - 4idd
WA~ et T ARSAH CRBTE S RTITR SR R F
HEE > 2 ERPIRBPTHRES X T F FRIFR SR > 2 E EpR
PR RREEZRE  MNEGT R RRAARBZRRF DORFFF G &
s TP BPIRFBOTE BT R NS e A FTeaeEsa (T o
B- BEROFTRT o HNTIREA A FRPAREED G T 4
Bl 2-220 45— B4 g 3 & 1 A2 TR0 A RIS Rl 2 kR

v

VR AT A A L B L R

ET

R REZIAROEE M iRy (3 FE 260 0 f2 - (SEG, 2004)
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# 2-2 - & w&LEFIE (SEGI, 2004 )

Power line Measuring point
Undesirable pi =t = Survey line
layout -—_______-_‘_____‘
line
Survey line Measuring point
Survey line
Power line
==t =
=== = !
Desirable l .
s {10l
A  survey line should run | A survey line should run keeping larger| A survey line should run
perpendicular to a power ling, | distance than designed target depth| through gentle topography
keeping away from the pylons. away from existing constructions

/Jlinc I

i

F=——= Lineament
e —— i

B

Main line 2

Main line 1

)

Tunnel route

B 2-22 %4 wkap 3 41 AR A2RE] (SEGJ, 2004 )

242A4ERT & & ¥

f1* 5 A% ;2 (finite element) & 7 *TZ 4 ;% (finite difference)
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Ps.2 Block Hodel (Wenner Beta array)
8.8 8.9 1¢.8 24.0 32.0 n.
" " i i i . i L " " " i . " . L i " i - i i " L . " i " i i " i "

Apparent Resistivity Pseudosection

(a) B B A T E I[:H:]----

a8 4.1 Za.n 8.3 LY ] Bh.0 113
Resistivity in ohm.m nit electrade spacing 1.8 n.
10 Saa
m
Fesistivity model

Z 0.0 .o 8.0 12.10 16.0 0.0 Zh.0 28.0 3z.o
0.0
1.0
2.2
3.6
H_&
5.2

(b)

Bl 2-23 o & #73)%+ (Loke, 2003)
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I BRI AR Bk B B R T e R R it o
AP TR RS T A RE > B D X BERR S N AR
Bk ind BHECAT  JHA R DERIT AL S T2 rER 2L BT R

AR TR o

2425ERT F & 32

ERT £ RI“T@ 2 B FAZARTIEFE > LR/ TEF 5
(pseudo-section) » & SR B A474 ¥ LB EF ¥ R hTEF 26 o
BT BRI R B A 4T e IR R AR o

REF A ErEed  BHFEE SRy WUF Aok B £

3 87> £ q 0 4 ) UT AlEIE R | (Loke, 2003)

q:col(q],qz, ......... qm) (2-32)

d=y-f (2-33)

Bl T3 ang IV iEART 0 BB P ERAFF RN 2339 dangki

F_*
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T2 e E (4est 2-34 9751 )0 Gu R T E] o Tt H B B HE R ok KRB

A S e £ QTR EBEAQ 40 2-3558 2 ¢ J 5 Jacobian 4B

o
o
=

WEI% ] ] Slicg,, =g Ag, 0 B TR

E=d"d=Yd’ (2-34)

i=1

J'IAg, =J"d 3 T, _9 (2-35)
: ! 0q;

AT B EREIIBRITHBEL AR TADR R BB

#= Inman( 1975 )12 Marquardt-Levenberg = ;% > 4c » — B 2 & %2 # ) (damping

s

factor) ki & ;% 2-35 %58 2-36 0 UHF G AgiE L e E o

(7T +MAg=T"d (2-36)

2T Rl B T E

o
W

L

$t 32 X L5 smoothness-constrained least-squares inversion’ & L2 norm

inversion » Constable et al. (1987) 335 11 2-36 ek 5 & 2 {7 - s

i

K m}; FF ‘EEB:";_

-

AR ABGE S PEF € IS B N S MR E o F M
deGroot-Headlin #2 Constable (1990) 4t » 7 ek 2 #ic W (roughness filter )
fos M) 2B R 0T S fo o do 237 5 o

(7g, W W)Ag, = d, 2 W Wy, (2-37)
BEG-BRYADFE ES N e R ERI RS ﬁm'fj‘/ﬁ'f’*;jﬁ

LRI SR P P ER B T WG & s
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Yok B s AR e 4p 43 £ RMS(Root Mean Square Relative Error )

(2-38) k47 o

18 (q,-f)
RMS = |[—> M il 5 100% (2-38)
\/M; qg:*4;

3EAL S fEd ] T F B2

$t ;2 * L5 Robust inversion’ g« L1 norm inversion> Wolke £ Schwetlick
(1988) = " P Z R E d oo i W R TEL » 2 2-34 547
fer T BEEL Ry~ Ry 0 40 2-39 50

(7R, +2 W R W )Ag, =JER,d, AWV R, Wg, , (2-39)
PEITEF AR ORRFE S F 02 L2 norm ki FE ERE L R
TR A € I IRE R A ORI E > Flet 22k L1 norm
kHHEFF Y o vuET N RIEF DT IEFER (Olayinka and
Yaramanic, 2000 ; Loke, Acwroth and Dahlin, 2003 ) - Clarebout £2 Muir( 1973 )
AL EERRCPTEFERAGREFE R HLIEIRE
i F]H Llnorm ehk B AN GHEEL LT o

FiEF A %@}; N I TIE S ﬁ’rgg‘ym); ﬁ_\j‘m A2 R 4o @] 2- 24
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BER B A
l l n=1
3 Bedata, B2 38 A 353 O A MR R AT
l# l n=n+1
R 234 g0+ Aq
: 1
SR AN S, =
B RE L) iﬂf%

H¥RE | n=0

: T BET-RAREE
E A BE LY
I e
- L RECRCRZ
M 2 RHERARD fog

Bl2-24r & & 2 #0047 B

2426 ERT B E 7| F B2

FI*FEREFGIN e 2T EETRET A FFROTETA > RE e A
Fengit T > Q7 @3 2P OFREEFRER g5 FRFE
7|k 3% (Time-lapse inversion) & | #* ptir 4 #rig dienk 532 > H 3
APRIEERE - XL RN AT F NG B AR B auEaRT 4
WEEL s R F - TR RIIORT IS Y EREHF KR
5058 EF - X BRIFTAF ¥iEa% 458 (initial guess ) ki {7 pF ¥
BF B omfl* 8 240 e » TV @D HEA X RIEF EhBCF A
# (' Dahlin and Leroux, 2006 ; * i=3+,2006) °
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(pz _pl)
P

Ap,, = (2-40)
RSP RS E B AN T Ot E oA Aot 3| B
¥ % /Bl (Barker and Moore, 1998 ) ~ ¥F48 B 47% /F3 & (Sjodahl, Dahlin and
Johansson, 2003 ; £ i=5,2006) B R P BRE ARk -4 3%
B2 fZ (Cassiani et. al, 2005) ~ 4 3 @ i* /= 4 £* 47 ( Dahlin and Leroux, 2006 )
$E - Fi PTG
Loke (1999) PRI M=% F e A FE &2 58 25 LA 4oH0
FNEEFE IR S~ B T2 R (simple damped least-squares ) 2.
3 T U] (least-squares smoothhiess ) 3. % 34 #14F T JF *41] (Robust
smoothness constrain ) > Tk & fidE - $7k R B RITORT L ER P H
PERF B SR B3 Gl et v R B 0 R R T 2
PE o R OTRE Rl b R R IR EARR A G DA 0 Tt R Y 3% 2

CERER B IF -

243 = ¥ T xR

BIARF AU A TIEE R g iSSR0 A Ak R IE
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A RE R F B R o
ZHTHFIERIRLE TR N E > AL RE - BTHERE
PE— A o FIRBBAR GRS E R LRI o - AT HERPIMAGT I - BE
= AR AR e (4oB] 2-25)0 F1 7 B dF Rl Bl AR R TR X D e
Yy TR RS B o R RSB AR TS BRI S A eniF R N
SRS R Tk o L AR o 20 AT RS N E
+ > Wenner array ~ Wenner-Schlumberger array 33 & % & 03 4%

FHFRE > T Az MR 1 f i * Dipole-Dipole array ~ Pole-Dipole

array £2 Pole-Pole array 7% &t 712 (Loke and Baker, 1996 ) -

Xra X®

Yﬁl, ‘ . vo | b— \

AR - T
(a) (b)

B 2-25 - =BT HFEFR> N@IFY #h o (b)ir X i

g - ez AREGR N E R AR HTES 0 R
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S FPt I RF A v e TIEFER G AR PRS2 Yang &
Lagmanson (2006) B3t 217 %t 3D (pseudo 3D) &350 = 2 » ¥ 4T 1%
elic® & R pF A T D] 2 BadFRIE % 0 @ A7) R 3D E enfi A N By
HFH#B2-25(a) P Y B 2-25(b) P Xe#iEBwwl - A3 FED
eH BRFHR A2 ar EREFT AT I GEE > LAY

O BCE R E K SRS N - H %@ st 3D g * o hoB) 2- 26
PR 2-27 BESRR D § D Rl B e S @ Eo] TR R E

o 33D hk Sk E 3D i kAR 2L 2T o

B 2-26 £ 3D ¥ E 3D F 5% (#iEef#) (a) 2 3D (b) # 3D s plsR
FIEE A B2 4&FEE (c) # 3D BIAFEX S B 7 & IE

( Yang and Lagmanson, 2006 )
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B 2-27 % 3D & 2 3D »

PR (RERER) (a) B

e 3D (b) # 3D s BI&R
FEEE A B2 &FEE (c) # 3D BIMFFEX 305 B T & §E

( Yang and Lagmanson, 2006)

2A4:ﬁ5?&#f43u @

=
=1

pﬁlﬁ?ﬁjizu‘ﬁ#mw#ﬂ ERERNE RN R A
ENCEEY AT %ﬁ;ﬁ&%nﬂ;"?&ﬂ&ﬂﬁ%?%ﬁ’ﬁ*
B R BT Z Mk F IR G b Arig = R BlE A o Yang ¥ Lagmanson

(2006) 5 = a7

TIEERIE R BER R - (xy) s gl g 7
Ao 2BEER R FHREY > RrE A B e (X y,2) nd
Flm g a2t B3

SR E R H AL - TR TR > A

2

g 4] I I

+\4

Rix>7 AR FEF ERM o

Yang £ Lagmanson (2006) { :&- 5B HcE H# % Ry 5 R T

AT HEZ BB RAP MR RE c R ERA AR TR mp A R
PRI (4o 2-28) @ GiRlART S AR IRR R A BERZ B R TIE
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FRH o F BN EE IR 2-29 #7 0 B12-29 (a) FAEcERAEFZ R
FESBY By Bl TG > B 2-29(b) B 2 7 B - ApSBIR

FhOOVRS RIS FRAY B BRRPRIER D
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=
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1=
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&

TP RERR BT C e TR G IR G > R aAp e R
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-

v EE 3]G PG R g AR R G 0 R

BT

—=

Jit

B 2-30(b) PlE ARk 28 cnz b TREERZF 536 > 3 BEMES -

Ko STEHG R @O RS R ATHESEE R FR

£ HE AR G R AR B T PR % BT - R T
e | ."'. o
' CEIS b

FEF REARR Gz S fpAdd e 4 oo
=2 Pl 3

10 ohm-m
[ 500 ohm-m
} [ 1000 ohm-m

135
Y Z
-2.70
+.4,05
8.00
02
0.01

B 2-28 = MarcRE it 2 #E#-3] (Yang and Lagmanson, 2006 )
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Imaging section

-

5.33 10.66 |
{a) An extracted sfice from volume image of 2D inversion

40 ] R 1] 1680 0 140 .
1067
534
Ieermion = BEMS = 086 NomubzedLI=073 =
(b} Resistivity croes saction from 20 inversion - -
Resistivity (ohm-m) . . Zz
B5. 8 99, 1a7. 115. | m
001
S @42 o 2o 5@ 7
X

B 2-29 HEHGFE2F% (a)2 27 %FF £ (b)- 27 F & (Yangand

Lagmanson, 2006 )

-0.00

0.00 4

0.96 4

1.93 4

Drepih (mb

288 1

{b} 156

Iterafion =3 BMS = 280% Normalized L2 = .87

Inverred Resistivity (ohm-m)
42. 71. 115. 200.

B 2-30 M FkrF E2% (a)2 27 %FF & (b)- 27 F & (Yangand

Lagmanson, 2006 )
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25 1 A TRA Ry £ RS 2
FALRE RRIIEATRA o 2R - BRY LD 2T @
L3V 5k 4 3+ (tensiometer ) ~ 7 [E;2 (electrical resistance ) ~ 7 F B R 3+
( psychrometer ) ¥ #4/j $7;% (heat dissipation ) & % (Reece, 1996; Scanlon et
al, 2002) if & %4 A FHEY BEE sk (TDR) 202 Ao o
2 R1iE {7 4p B 47 34 (Orand Wraith, 1999) > i 2 8= 238y H @& * & £ 7
PR > @ T R SRS AT T AR 2 T IRE 1 2 37508 B 9 TDR
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SMP=(4.093+(3.213*k 02))/(1-(0.009733*k Q )-(0.01205*Ts)) ( 2-41)

B hkQarRETIEE T 2 2 HER -

4oB] 2-32 97 0 F BRIV AR R R AT It At S RGPS

-

P

FERIPEAE > 5 S B et R S B RS E R

H

&,
ot

L sk 4 8 RIS ] & 0~200 kPa (centibar) = ¢ o

30 . ; . ——
-~
4 ,-—"-/ ]
|"'H-
s f 3 A - e i
n 2 - -
= [ - P P
5 20 ¢ ! == - - ]
= [ 0 e /.f _ -
— [ 0 5 10 15 20 PR
- } I -
2 15| _,/_.-' E
= [ o
»] "_{._f-'f' __________________________
L O TEL bbb
g 10 P e 1
5 T
o P CS253/257 Manual, Linear Equation
g [ f' ----------- Thompsondlrmestrong 1587 i
i L ———— Shock et al 1996
I y —e—eeWatermark Meter (Shock et al 1588)
D ! 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L 1 1 1
0 50 100 150 200

Soil Matric Potential (kPa)

B 2-31 53t T reimer 4 HEes 4 ﬁﬁﬁf?ﬁé % (Irmak and Haman, 2001 )
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Bl 2- 32 % F Irrometer # # 2. Watermark 2 3£ -k & R i B

25.2TDR & p| 3 &

Or £ Wraith (1999) 41 * % 52 (TDR) ¥ € RIAA 7 -k § cdr
t (Toppetal., 1980) 1% 7 #4pteiEfeld L ~ PVC & 7 RS o1
BB SRR B AR B TDR A Fe 4 BRI BIFEE > 0 3047 & HEL W

FEH gk B e AT A 2 B Mo ey TDRERIBE > Fpl4 8

e
S Rp B bt gk A T RS 0 BRI PEAE S MR FREZ 7K

BB g TR UPMA AT SRS K AT o F2-33 52 p
#oAR3 A fE7) 30 0 TDR B REFSE > B (a) 2 B RIE B> - 2 X

AR o TR BRI A RIS P RRIFFRC] 0 B (b) RIGAFE
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Ee

RAA A L PVC S P g s d s E LA ) o F T

B fi

do Tt R R R AR BRI SR AT 4 e ] (0~200kPa) o v ik PR IRLE
RIS HRITA T RERBL CPVC A7 LS B i A ) FRIE S

BEE v - TAFER T A FRE- KA MR o P g F S

A2

(

P es B TDR £ R2HA TR 4 ch3 2 2 AR KT
TDR = ;& #l (FdR % & Ty 1@ mirk 455

Fou=12.5 mm

- Porous
Cylinder

Conductors

Bl 2-33 TDR 2 3 A e 4 g B % (Orand Wraith, 1999 )
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26 % TIRFRIEN SHE FER RGOS
Lapenna % 4 (2003) ** & * fla 3 chR &+ F FH3d >y T EETI 6
2 (ERT) 2 p# % =2 (SP) 4 7 BIFRIPMI - Hizk R&FH T
BEFG o DR EROEEHEERG LS R AETNE R
SR TR S R T AR TR SR M et e S T o
g E g FH A R A e A R B

BRI RAFRABFTIHFTHRELA ST ITER MHFH D A DM
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302-3 RS AL S8

Length Width Difference in Gradient Depth max
{m) (m) altitude (m) (degrees) (m)
Source area 700 200420 140 16.5 40
Flow track 960 60-200 140 ] 25
Accumulation zone 1,050 150-300 150 7 30
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Main scano of the lancklide,
hdched when dagraded

P ofthal
Limil of fhelancside
Rddonslcfional sida

Eadh-flow

Backward landiida lenaces

Frent of accumuation zone

Wt er points: springs (o), wele (b]

Sonic scundings

Bowehcles

Troceaof dectical tomogrephy

Troce of sef-pdenticl formogroohy
+ Seli-potential suvey

Surface dcinage ine

m
L e e
] 00 200 300

Bl 2-34 fd ®PLing s B2 w4 ;’% A 4phd =% (Lapenna et. al, 2003 )

R & PRI CCT & RIS EER S (7 2138 0 W] 2- 35 5 R CC N
FEF2e ~ fF R R0 He A LYe 0 ZAGEAR 20~30m O FE

F 20 (Qm)> FAHZEASFIMANE R F ELRH0R TR

EN
B
T
S
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K
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=
o
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o
o
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[e
)

kLS R ST o LA
IR I A §: RS- 5 rﬁ,ﬁ'ﬁv T A ﬁ‘gfri%?}%@i ahiloika ?ﬂ'j &

#7407 o B 2-36 2 RIMEE HTHELE S 0 o BAHT IS B ) B DR
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B BB ER L HAST AR TR S1S2 7 S30 4 # RS

21 :
Fkipe g oo

Maodel rasistity with Topogrophy
aetion 7 RS e = 2.2

Elevation WY landslide limit
ext 320
- landsiide limit E 1 D A l' W
930
920
910 y
20
B0
&0
870
L4 8 ] § Fe=f—— Q] Joolemi==oa) g § § }
50 79 1286 200 n7 804 BO.O 127
Resigtraty in Ohm M a
Varical axaggeration in modal section display = D8 HVSR Unit Electrode Spacing =200 M.
First electrode s located st 00 M
Last electrade is lacated ot 340.0 M ~ == Geoslackics
Landslide limit Landslice limit
2 | 4 810 12 |u

-

Distonce (1 Unit = 20 m)

B s
0.2 0.3 0.4 as

T T
=0.5 =0.4 =0.3 =0.2 =0.1 =0.0 0.1

Charge occunence probability volues

asl. W E

1000 7

900+

BDUD 100 200m

B2-35 RIS CCOTH2G (2B~ f T el5 (¢ ) &8 Fali s

% (T B) (Lapenna et. al, 2003 )
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[ | Lancsiide body =75 Peltes (Varicoloured clays)

Calcarenites and marly limestones

Model resistivity with topography (1] Conglomerates (Varicoloured clays)
lteration 7 RMS error=7.1
Eiawllnnnn N Frontof S
340 accumulation zone

240

%00 t
830 1 [
520 | .
800 g ]

] Sliding surface k
?'m L
I I N . O .
50 ) 126 200 3.7 504 800 127
Resistivity in Ohm. M
Wenical exaggeration in model section display = 1.3 Unit Electrode Spacing=300M

First electrode is located at 0.0 M
Last electrode is located at 780.0 M.

mmﬁa&ﬂﬁiﬁa%@ﬂ?ﬁ%ﬁﬁ%&%’&&ﬁ#%?@@
R—;' ..

:s\l ‘*'3/;/655"& Drahor % 4 (2006) *t3%

| § | r\-'|'f5"'

FRBPAE B FHAFE - e FREPGIFRIBEATEETAME TR E oo

B4R B 1 ?ﬁ@%

R FHFE R A EI R ASE LT REZRE IR R T
I R TR REES AT A EFNG T I HR R RAALEG T

n

TR B A AT AT TR S R A6 e 0§ Bk el

DA FHH PG PRI AR E hoB] 2-37 P50 ATERF AT R R N
% Wennerarray > # ¢ PSR 1 ZRM2EFH FEphe T ApLE > L s
A o BR3P EAT e BEEF e T F o AADEERT o d 3
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TIER o2 B R B S PIE X 20p  FI TR E R T L hikmK 5% A
100 (Q-m) 1P o &R 1 223pl5R 2 A 4555 % 4c @) 2- 38 (a) ¥ B 2- 38
(b)) TG 5 AP BEORTILF A F Bl 27 fp i red % 547
HEARBAOFZREFE > BREFFRMNTAERBIE 7342
Feoh e dip] s BB TR O HRTGRL SR > B RIS AP
Pel o RIARL 3 d o FRBARTE 0 Flptd HE RIEI G SR T R E D
o B R e B 2 A F §o ) 4o B 2- 38 (¢) #F © 4t b > Mahmut % 4 (2006 )

PRz g e B RBle N4 s > 4ol 2-38 (d)

[ al ., o
| l‘rl i =
— . | o Wit Y

l:' ok
e i = A
"t‘ o B I‘ I -'-'-":' J -1
i 5 o — |

[ Landslide material N
Il Pebble, clay, sand A
[1 Mudstone, silistone, Elevation (m)
sand, pebble, clay :f: = Q 10 20m
I Schist ioé =
(Menderes Massif) pei
LINE-1 T T T T T T T 1 4
—— Resistivity profile o 20 40 60 80 100 120 140 | " /
A___ A Topographic A meter A = :
cross-section \ / —SCHOOL
SK-1 Borehole number GARDEN
WE[evation {m)
y—— ~ =
= =
= SCHOOL

BUILDING

B 2-37 3 F " pgin 4= % (Drahor etal., 2003)
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(@) (b)

Elevation (m) Elevation (m) LINE-3 gk.o
11079 s 405 <
SE — i N
102
a4

ENE

LEGEND

(57 Landslide Material
Clay,mud and sand
Clay and sand

=
=
f_l Pebbles
]
—

- Sandslone

Borehole location

LINE-3 (@

] Lineintersection

-*_  Groundwater level

Fault

=== Failure surface of
recent landslide

I I N S N O D ) O D S
7 10 15 22 32 a7 69 100
Resistivity in Q.m

'-;'.-5;_-. ‘-'-\.'\»Efr_'.:i\.r_"li o

B 2- 38 ¥ iﬁ]‘f’_%@qé*gﬁj—ﬂ,ﬁ % 4% (Drahor etal., 2003)

bR RIRIFRIE Y AR ST R 6P o HOFRATE R AT <
FRATILFZIG A F o A% e e A 2 0B 5 DI AT e
BfEE R AT G 2R AR FERCEFESFTERE S BT ST
Hpnd ik 3k F T 58 TSR Y F 5 LR ap
BARRIA e 0 Ra e Rz Rt foR ~ FORE SR E IR A 2 B ip
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b FAL 2 [E] AR AT RE R ST
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31y TIEFRITHL T F R4 REF
PORIEFERIRE AR b oo d B Bk T e L RERE

Bl EBIE B I Ak B 0 TER{EEIZAFHMEEED A
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