HE 2

OlE J21RE &2

~ 2018. 06.) ZtH[ 2| 2[FEUAM 1585 M=

<l

ELl
__o_l

oo
3

<
7ol

nr

| C}.

b

S
=

2015. 09.

2018. 06.

04

EX) 4=

(cH

D (F) MR e X L o -

ay

%

g

4
Ki-

04

<F

Tor

(CHEAY) ©

: K-water

[0

04

ﬂ._
0

=

(CHEX}) &

3| AL X|of 20|

<

Kk

Ly

@

Kl

Mo
0

<

ol
®
1
~

3l

1Ho
Mo

Bl
Ho

==
un)

ol
Rl
£l

il

HIAM 2o

=
=)

=

& M 38=xof it}

o =20
o =Y

F

HEA

7

?_

L.

S
=

ol

LHo




oF ofl ., ofl|of o -, o
= R R nmn ® g
= o = kKl 2SS o K &
Ll S ol AN © lee]
™ e wele .
~ —_— — —_ _— =
ES LA RDL A B K b
A SR - S o
& e m_m < 1F 31 mw = E )
o RRY RIS E oL KL
<M H oo < B
- = = o o |H
7._ o) _ .wna i T~
- = 1 ) I
% = L LT
~ — J ~
) = o) K o x -3 K g
1o A & T 3l . &%
0 T o 8 N - o« KR
o ul © Ko T W W< T
7l M__ Kl HO MO <0 B M
= w Ry By by n 1_|1_
— ) =0 T0 B0 Ho g0 H0 O 1ﬂryl V V
© = o o o © 9 o (L ol
. . A
o) o oF T - ..
S ! TR Ko 1+ 1+ g 3
T o = o ~ - ~ T
! olo oo < H o .
== - \mmo ==
) O N N o oo o o
- == - = |_ 1 X
P._ ) © ol T <k w <k wE wﬂ 1%_ e
Na BRI WEza 3@ _ Mo D | T T ~
<+ dFOomom % mo = m W T
s 10 kO s T Ka - 5 ) = B H«r o nJ T~ X
BA B B K BB 3 S G 4 < o T N B
Al Ko ) — = DN O
nr nr ®a "3 j m o RO B o wzﬂ 7
— of ! — X -
© il N — - o S.L
o p 0 .M._ I o N Ko < = i 1A__/.n
S 2 B0 = v | T = S.L ) —~ Lo Jjo e ]
= R o K Lo MR o = Y9
N |2 o= _,_._u 3 §o | ™ o ol = oF =y = 2z
o = - = — = % b B o =
= u_l —_ H__l OD 10 :._u N ﬂn N mﬂ EE w ) ﬂ_rﬂ ﬂ_1m )
= = | U4 = — = I+ I M- o
= < < K- o B I ~ <15
- — <08 I S il ° T
o X T =3 L =
o _ XTEE m T s oA T
- — ok o I Ao = o T SR I S oo
s g0 K o J_u_l - _.T T < o N © AE B 2y o= —_
= 50 o0 I 3 En_ < X JI = W = B 5 T ~
ok = = = ook (W T T E L T W F A
< = wl = _.._O |:u._| E_l ;oT _ﬁo o) dv.._ ey Erv y gl 3 ,a.e ﬂwﬁ 3._1 ~
H H |_l1__l| _.—4/| .An_ﬁ W O|_| L.nﬁ ﬁu ET.C ‘.llAr 1 1 ﬂ” I ﬂ 1 1 1
° ° o = < i _ o S o o o




A
H
Mo
kO
12
Al
\'4

o F@ A dg BY A= a9 wg R 4 Asd JlE
A7 - 249 FYY SEAAY AvETBeY J1%0w
=4 2 e - ICT7IME A sl RUEE Al=sAS
- wAEN A BUSARAY 1WA Y
C ZUE A5 BEW wydd glior B9 240 gd T Aol
% A, @l a4 A R ASA FUHE BE 4d AT L 584
il
3?7]1%}6];4— S i J 3z ™ gl EF ] + 2 q US| S
o owF BW A EESEA BUEY Asg ARE A A gy
9 ugEs BA
c BREN AEE AT U9 QPRYAY 1% 2 2RI Je ALY
. HE %A% AE Kowaters] A M@ A F# 2 geaTsaat del
shol AR L] A af lBeRA AR A, Alel 4 e
AT 7] A 2 Q)
24749 on
Clagsd) | 2AY SEAIY 2rtE ey Asd, 44 EWs BUEY A2, 9
ARYIE RS BURDY 71&H 2 Fo ATAREL FF =T A5
A A Aol A% A4sE Fil AE/ER AR 5 3le
S A
BN 29 EERE s A EEEEE
(571 ol

( SUMMARY )

o Development of initiative technologies for remediation of deteriorated fill-dam
using smart grouting and effectiveness verification system
- Development of a smart grouting system using active-controlled injection

Purpose &
Contents - Development of a ICT-based surface wave monitoring system
- Physical and numerical modeling techniques for the remediation of deteriorated

fill-dam

o Development of high-precision control method for a deteriorated fill-dam
grouting injection using smart sensing technology to ensure the safety of core
and improvement of efficiency in grouting works

Results o Quantitative determination of the effect of fill-dam remediation work using
innovative surface wave monitoring

o Technical development of physical (centrifuge) and numerical modeling to study
the effectiveness of dam remediation grouting

o New intellectual properties as a research outcome are expected to be
contributable to the practical application in the market of aging dam
remediation projects.

Exp‘ecte'd o Major Research achievements (such development of a smart grouting system
Contribution . . .
using active—controlled injection, development of a ICT-based surface wave
monitoring system, and physical/numerical modeling techniques) are expected to
generate leading technologies for future dam remediation projec.
. . . Physical
11-D T, ff .
Keywords Fi am Grouting Surface wave Stiffness Modeling
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Port: 2 (¥ suws|(@ suam | =5 ojz|yE LT (b s ][ | szma
\ ACQUISITION SETTING \R‘ | ACQUISITION MODE

« -  Time (sec)
Sampling Rate(Hz) : ok @ Schedule Mode

Number of Samples : 1k g 12 B 1 Trigger Mode
~ | Noise Monite
2 olole] ME axo AAS XHSHIR. [ Event Mode S
Start Year / Month / Day /Hour End Year / Month / Day /Hour
zoi7 ||| o [|[[ 10 Q|| w0 ) [Ceorw 1)) 10 Q| vo Jf|I 1a
Geophone Num : 08 EA B “ J‘ ‘ “ J‘ l' = H J‘ ‘ ‘ Jl
=3n4E Aoz aan AR || | i
; £ [ GEOMETRY INFORMATION i
©01 02 ¥03 04 V05 706 %07 708
5109 F10 T11 C112 C13 T14 15 [116 une No: | TN - MEETEE|  samPLE INTERVAL (sec) : | [IEEENRTETTIN |
©17 1118 (719 (120 21 ©22 ©123 (124 PHONE LOCATION (m) : NI osserver : | I |
125 1126 (127 (128 (129 130 131 [ : :
125 1126 1127 128 (129 (130 1131 [132 SOURCE LOCATION (m) : | ) RECORD)MAME ;U
BASE INTERVAL (m) : | NI company : | INEEETTERIN |
SHOT INTERVAL (m) : | NN INSTRUMENT : | |
PHONE INTERVAL (m) : .‘U NOTE : \

<23 3.36> MSCM System control 74 3}4¥
() A

o MSCM(Monitoring Stiffness Change by MASW survey) System

oA A ket AA] Ha RYE Y A A"E(MSCM System)2 =LA =34 A9 9F 29 Software 2

TAE M, A71A ) A FHAGAL ) G GA] 1EER s FRCA BAYsHE EventE S8 A
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]
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9
- Trigger mode: 7| & 3HeHALS}

=
o=

H= noise T A FEolde] AUAE 2t BAAUATE 2ARE 1, o]

S

- Event mode: ol A =AY

i

el

de:

- Schedule mo

EIEERS

o

7§|
919] 37}

il
oesl

passive sources

R
fu

W Z Event 2 schedule mode

|
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<X 3.12> MSCM System exterior

3H| o7

1 ON/OFF LED @ USB -&
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Mo
o
fu
N
to
I
rO
mlo

- AE 2 B oAES MSCM System & 3= 3 dHolH HE 3 W
(ADC)< gty

- 4] Size: 88.1mm(H)*x330mm(W)x*360mm(D)

- N A el sk AY FEFS wEE(12V)E 220V ALS FA A YstE FE R AA
of ofel& Aol M & A=w"lS A& A 2 BRYEHo] 7Hed

- Trigger B AlolE& AANT= A FEAL Zokoll A dwbx oz 717 Hol }QE]L Aol&& A4
T ALEF txQl &St

- ADC resolution: 16bit, 7F&x12: 32ch(E&] A 2 w £33, Ao AH 9 -10710V, Accuracy:
0.088mV~2.69mV, Sensitivity: 0.0916mV

<

2
ol
il

(1) xlx%xgyjr
hH 71E w8 ARHE
9 E AFA] Foll MASW §&Ab7[H el A48 9 Az A& 7w & Fetstal, o|ef wAld Axl7|E HE
2 918 S AR 269, %9 AR 628 ofelst go] HEHY
S B W L AFAY g PR R 9 gy
Qom, B oz MASW 2 7]E} Ew 3 ol gak= R8It RS hﬂ—ul MASWA w9 Ewa %
@ A7z #EG Wolrk. 53], Grouting 27 £&8 Hrbshizd Qlof tlRe] Aurt A7 AR BAbs
ol wpe A Gk oy A

ﬁ

“
12
o
:L
:=4
_Lz
X
=
2
o0t
)
>
>
N
N
X
s
o,
_1
=

919 AT MASWE 188 e 2YD L A} AR AL Ao Aorgn o, 53, 54
9 PERYEL 3 MASW 484 5ol e A77h 208 o sepsh. ey, 44 By 2 1
B8 B B8 Bl ARs BA 9on, 53] MASWE 5§ 1o 17 W7o pls)A
Aol Aok A7} o] ol Stk

B e 7]

(1}) Reference data 25

K-water?] =55 ol thd 353 dS T/BE Ao =g E4 2 &35 72248 &85 )
MASW BIALE Fastg o F7hH o A7 A8 gALE 87 8319, o]t 4 2 24 Azo] Al
AL FrstaA 54

<E 313> 81 3 a3
- - Source First
=449 GeophoneZt source
e Nl ALHF
% ]'O H (m) (m) InterVal offset Channel % ]‘o H
(m) (m)
MASW 129.0 15 15 9.0 24 Active
Roll-along
ZAa% A=72 .
EFALH R e Z=AH A A
EbAS (m) (m) =S R 237384
ERT 135 5 Dipole=dipole, Dipole-dipole
Schlumberger
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© AR

STA.O0 Mark
EL(m) EL(m)
100 T 100
)
Length: 135m N
_—
o == T o
S - T Origingl ground surface : L
- X Dam crest: EL 83.0m ﬂ&%
g0 & == : =T 80
~ ‘& EL 78500 == =~ EL.75.500 =" g, - "E'L:.'m.soo
N R 4T === —_-c\ — -~ '
70 TS e oo Assumed soft ook surface 70
Assuymed excavation line of cut-off trench
60 60
B3 BH:2 BEAT  38mfromSTA.0
" . < >
. . .
MASW < = >

70 80 920 100 110

Eu R‘JT 100 200 300 400 500 600 700 800

S-Velocity (Vs) (m/sec)

STA.0 Mark
15 ] 15 L] k- %0 105 120

¥
e mmma, L3

1epth Gm)

[ ::'[,

-ng®
*

' Terion=3 RMS=1216% 12=1642  Shetode Sping =S

<29 3.37> MASW % A7H A% dA 23

N-value BH-2 K(em/s) N-value ~BH-1 K(cm/s)
50 25 _10° 10* 10° 50 25

N-value
50 25

Low veIO(Tity zone

<79 338> MASW A2 AFZEA A2 ¥
AE
- MASW ®ARZA 7]& Apm b Hlalsto] dubA o AFREE G e £ F¥ WstE Hol
Aow BAHM, Axs GL-6~8m 73 B A 2FE 65~8m (GL.-12m 3}) F-3kel A
A&l (Low velocity zone)E UERWTEH dWtd o g 43 EdA] Ao 9 A 352 24
2 Compaction®l] 93] €27} =71 & Ao 2 mego wet 9o 28 AELuE =9 Bt
el 7191k A= shetdtt, S FdFol A= oF 20m Fo] ASHFEd= APA 2y

T
B
ol
Lo
>,
=
X
5=
R
)
<}
ot
T
i)
i3

" et

7+ 9] oF GL.-12m &FF-ol A -2 o
Yol W JFgo Tt

- A7 AFGAL A3 MASW ©AREA Fhop FAMEE FdS vebdllh A58 GL.-3~8m 73kl A
HbA o8 Au| e BEZ poln A Yo 2RE 80~95m -7F dHEol A% MASW Akl §Ab
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| AulAEgs vdeplt 28y, A e AFE

o} wlalslo] Thar resolution®] WojA &= FOo & i1z E )

- AWkAbA 3o MASW &4} A& vlagh A3 AL et 7p S8
F3 =
A

AN A= ﬂ%iﬂi S Ngbs HEtlAY B =t dd A5l 9
1 By} o )\]‘64 7ﬂ‘r}oﬂ}\1E Ao e E5AS HolE AL L}E‘r‘)"jr =3
o) 7hehe FAE Holvh, A& EdeA 3

A ]
AgS He & GL.*8~9mTE1 Al F74ekeE S Belth BH-19 % GL.-8m 3}%

Z
HAAAE 734%* Kl ¥ GL.-5m 7}A] N3to
J=rt B AH, Ngt ®al7 & Aoz vepyoh

o,
2

U A Zo

e
=
)
(o
fu
e
um
N
>,
rlr
_>‘~1_J
re
ax
P
o
ro,
Ho
2
o
il
e
ox
)
rir
2
N
2
>
N
o)
olr
N
>
=
o
=

s
ek UEh= oldde 7%% Zﬂolﬁlr g Stk o9 ElHAE 4 EE4 SA4E ol &l

uhe} 55 (active) W27 —’F%Ué(passwe) o sy, dgols A o
B (Active) WA o= A7IHAFEAL, AAFEAL GPR,

9
i)

o
rE Y0 ol

iGN

T Moo
> ot L &

o Q9

o re
i
~.

2 Aol A A st ste BAPEHS vhAld 2 s SAPEH(MASW) 0.2 93 e FE0] Yzl
AA B A B e setet] sl 7R AR AR FA ol & = Atk MASWE gt
< Rayleigh wave?| £=5 Z438}o] Shear wave £=& 74tsls BA o, I55= Fak did 3 3
T oA S wEkA TR debiny dRbA o2 Active BAME A8 F57bsd Fak gl B
7P == 10~ ¥ Hz, 30m o2 <A glom, $4 7tailes 85 o4 %S4 dojd ue} 5
g7t AFatdes, S49] dole A% s IR ol = 548 Zeth okl ek 2" A
7] S i e Wskel Fubg tiel] whE v Iy 5SS HojEn

<¥ 314> 37 374 9 F4ddold e A A= W
e z29a% F37] 24 (m) Source offset (m)
(m) (m) 24 A4 48 Ad 24 A 48 Ad
5 10 0.5 0.3 3.0 3.6
10 20 1.0 0.5 6.0 6.0
15 30 1.5 1.0 9.0 12.0
20 40 2.0 15 12.0 18.0
25 50 2.0 1.5 12.0 18.0
30 60 2.5 2.0 15.0 24.0

SEISMIC RECORD TRAVEL-TIME CURVE

Velocity :pffie‘ ‘:"" o Offset or Distance (%)

+ Depth

W

E [
Freguency (f): fi<fo<fs 2

= 1
Wavelength (3.): Aa<hacdy g A
Velocity (V): Vi< Va< V)

Penetration Depth (Z); 23<2:<2;

<29 3.39> Phase Velocity ( Vp ) = Frequency ( f ) x Wavelength ( A )
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Surface Wave _

Body Wave

ob o] BAPIRe] wE AR Aol ek Av]e] | B AgA]o MASWE 48879l el A7
=

= = ER=
A e & Qonz, o wetetu ddslor & Wart Ak

N
i\
uj
N

>

N

g

£ Active BALEH, = sledge hammer, weight drop 59 ¢1F SourceZ ©]-§-3sto] B4 3}
S WA 7= FEH Y gAboltt 7] 'EALZIH S AR AAA Q] HollA = &8 EE Holu, JFRHA R}

°F 30m oW & 1 o] el HAMIETF 275 W B Al 2 VIS AEsh s vha ogwo] Jlth

gt HAE st A 27HA Wil aie] E g vk A HAle HASAS AA sk, B
793 source(accelerated weight drop §)& ©l-83to] &2 A5 Al|YA S LA 7= Aot} F WA=
Ak A (of]: tidal motion) =& 17F5(Human activities or cultural sources: traffic, construction, ambient
vibration) 52| @e]ollA HA3= Passive FH 2] sources &-831= A olt) o]#d source= AZ o1

At A3 1~5 A Hol F5he e ek

Heo] W F A WA WHe AS @ S 1HEe 4 A% 9 17k Source 7Y 2 o] &0
2H7F Bagk vk = HA HE Active MY dlH] 22 =4 ool BAMIE Foir) 7Fssieh |,
Passive source’} UF A JdAY TANET} bb& Ao o]& FE3517] oy @do]

YRR E AFHAY 53 F ol Al BUHE A2E F5S 9 e 72 A 22 Active type
o] BALE V)F o2 i, RUE Y daa) = AAe =], =4 AR AAA, Passive source?] &80
(A, AdA] 271, S/N ratio 5), AL Tl wet feds 2t Jslokget Bt g A5E 9
A= A BUHE A 2" 5§ AEHAQ AlF H ohFeE Test bed®] #&-o] dasith

o Active and passive inversion algorithm simultaneously

Ul o] g 2 FAl A AGSHE ActivetPassived] Al G4k A A9 gl AAolH, e B
e W =2 FZE 59 dg]d A&37] B AdFE B4 07 ActivetPassive §AFS A -&sl=d 1
A3 ok 53], & Aol o] 9 obgA Thebs 9 A RUEH Alaglel= A 1 A8 o7}

gitt.

Active$} Passive §AME e ghol] Qlo] Axp F4L& o 1917 3.32) #2o] A9 ds A &F
< Wt} Active®} Passive BAF B Aol wj Ao whe} mk3go] FAkE = AHE o] &ato] A olw|A &
e 20 w2 1-D BRES 755 s SRE AAteE FAo® gt Fdstth v, source?] 719
3 o] e Fukgs o] Xfoloa] qrito] ) T3 S 7| E5ts dAlol A Active BAME oF 1~
2sec?] 715 A ZHE 7HAWH FEst Passive BAFS] A4 G A% o] 348 7] Fo] a3t o] oA

AFE AN B} e T U AEE WolEo]s] S3toluh
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Field Data Active Survey
(SEG-2 Format)
Recording Length: 1~2sec Recording Length: 1~2min
’ Source: Sledge hammer Source: Cultural sources

or weight drop or Accelerated weight drop
Frequency: 10~150Hz Frequency: 1~30Hz
(PS Format)
Format Conversion

Format Conversion
’ to PS format
Source/Receiver (SR) [
Setup Source/Receiver
‘ (SR) Setup
{

Dispersion Image

Generation
Common-Offset (CO) Dispersion Curve (M0)
Sorting Extraction

|
Source direction &
Receiver Setup
|
Common Offset Sorting Common Offset Sorting
& Dispersion Image & Dispersion Image
[ J
|
Combined Dispersion
Image Generation
l
[ |
Extended dispersion Curves of clear
curve (M0) Extraction Identities
[ J
[

Conventional MO
Inversion

Common-Offset (CO)
Sections

1-D profile and 2-D velocity
(Vs) cross section

<19 3.41> General process for Higher Resolution

h A i
the MASW analysis <19 3.42> Active and Passive
Inversion Algorithm
simultaneously

B Ao A A|A|5F= Active+Passive algorithm(Z1# 3.33)2 ool 2o F 71X Z2 9] gAe 1y
StATE A WA AL QoA AT AT &S T3 /AR FdlolH, 7 WA= dispersion
image=%-F] dispersion curveEs A4 w AFHAHS FFA717] el h

olg] <& 3.13>9 12 Active®} Passive BALZ 5 &5 ¥ Dispersion imageE staking(T3) 71HS

23 23 combined dispersion imageE T#3E AL HoFH SR ZuES Jehya 9ok

<¥E 3.15> Active @ Active+Passive %o W& dispersion image ¥ 3}

dispersion image combined

Dispersion image(lsec) for Active Active+Passive(120sec)

At O T)(VEtack) DAT (Hecord - 1007) ADMASW(SF(COMOT)(VSinck) DAT (Record = 1001)

i ’l

8
2
E

%mu - %dm H
= =

2 3000 2

& 5 3000
- =

. 2

% 20004 5 2000
£ &

g
g

i i Pscerd No <1001 i i
50 a0 70 10 20

1 e L
50 [ 70

20 30

<¥E 3.16> Active @ Active+Passive o] @& Vs ©d w3

2D shear velocity (Vs) cross section for 1 sec (Active)

S-Velocity (Vs) Map (0-1 sec) 8%9\/;@8% (\2/:??ﬁ1282t%0 4000
Surface Distance (ft)

80 100 120 160

I O (U I O Y T U (U -
& :Data Points, File: <RDMASW(SR)(1sec)(ActiveOT){2DVs).TXT> 201
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<% 3.16> Active ¥ Active+Passive &0 W& Vs &4 ¥3(4%)
2D shear velocity (Vs) cross section for 120 sec (Active+Passive)

L
S-Velocity (Vs) Map (0-120 sec) 8%9\/;@3% (\2,1%,?550 4000
Surface Distance (ft)
o 10

A % % ra 2 = A
4 : Data Points, File: <RDMASW(SR)(COMOT)(2DVs).TXT=

rr
i3
12

Algorithms 233t 3]4] Software 72 2 AdF7Ae] Aoz dEsta e 4
(Parkseismic LLC, USA)¢} F&o =2 T3t o 2 A 2dx}o] I Software 55°] == AT

@ A 94 P& 53 JMEAE S
ActivetPassive A G4 F3& F3t 7MEAE S 295 AF87] At TB(HA3E- )l A Active
9 ActivetPassive BAMS 385t #4448 T35

<3 3.17> Active 2 active+passive BA} 53 4

Sampling Recording Geophone Source sP;lul;"S;:e Passive
A rate time 3 Interval offset Source Array
(msec) (sec) (m) (m)
(m)
Active 0.5 2 1.0 15 6.0 Hammer | roll-along
. . 6.0 Hammer
ActivetPassive 0.5 20 1.0 15 B Backhoo roll-along

Active+Passsive ©AF 2304l S A 7HS 20sec(LHFE Q] Actived FEHAIEALA] S A|ZF 05 2sec) 2 &}
o] HammerZ %3l Active sourceZ 23}3L oF 80m ©]4 A 2lol A BackhoeZ ©]-83lo] F-2+9] 2] Passive
sources TR EE 3F3H

15 s

A8 = Geometric A2 Strataview48S ©]-8-3}1 2™, Geophones 45Hz, A'd4=+ 24ch®E roll-along
< S8l e sk

|V

W

<¥ 3.18> Active ¥ Passive ©§A} 47

Data Acquisition (Strataview) Active source
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. g A

<E 3.19> Active ¥ Active+Passive A& =3 Dispersion Image ¥

Active

Active+Passive

SEG22PS(SR)(ActiveOT).dat (Record = 4007)

e
pltude (] 100

= Recdrd No.=4007"
==

2
Frequency (Hz)

35

4

SEG22PS(SR)(ActiveOT).dat (Record = 4013)

—T— am
pltude (2] 100

Recdrd No.=4013
=

35 A

SEG22PS(SR)(ActiveOT).dat (Record - 4014)

800 -— .
0 Aipitude (%] 100
700-
S 600
3
E 500-
z
8 400-
2
2 300
2
& 200- : P
’« : o — - Recdrd No.=4014"
10 15 20 30 35
Frequency (Hz)

——
pltuce (] 100

Recdrd No.=4015

25

SEG22PS(SR)(ActiveOT).dat (Record = 4018)

“Recdrd No.=40168"|

SEG22PS(SR)(ActiveOT).dat (Record = 4020)

4004- . =

Recdrd No.=4020™|

- = — =
1 1 2 5 A 1 15 2 5 A
Frequency (Hz) Frequency (Hz)
SEG22PS(SR)(ActiveOT).dat (Record = 4025) SEG22PS(SR)(ActiveOT).dat (Record = 1007)

25 30

35

]
pituce (%] 100
°
2
E
Bl ¢ Sl L AR e S S
8
o
3
&
2
[
; — -t ~Recdrd No.=4025™ | i Recdrd Na.=1007
5 1 20 30 5 4 10 15 25 30 35 4
Frequency (Hz)
SEG22PS(SR)(ActiveOT).dat (Record = 1013) SEG22PS(SR)(ActiveOT).dat (Record = 1014)
800 S—— SO0 ——
0 Anpiuce (%) 100 0 Anpiuce (%) 100
700- - 700+ -+~
° °
2 600 - 2 6004 -
£ 1] £ 1]
2500 - 2 3 2 5004+ "
3 3
2 400 R I - 2 4004+~ -
; . g ' .
2 2
£ 300 SRR N R RS- & 3004 - .
@ : o .
200 : b 2004 L . e~
100 | | H i H Recdrd No.#1013 100 & ; P H H i Recdrd No.=1014
5 10 15 20 5 30 5 4 5 10 15 20 30 5 4
Frequency (Hz) Frequency (Hz)
SEG22PS(SR)(ActiveOT).dat (Record - 1015) SEG22PS(SR)(ActiveOT).dat (Record - 1018)
—— T e —
fplitude (%] 100 H 0 Anplitude (%] 100
701 ;
g g :
8 8 6o
@ 2 3
E E E
> > 500 3
g S
8 8 :
2 T 4004 :
» o b
2 2 H
2 £ 300+ : -
o o
| -
Recdrd No.<1015 . i | i i Recard No.<1018
5 10 15 20 25 30 35 4 5 10 15 20 25 30 35 4
Frequency (Hz) Frequency (Hz)
o SEG22PS(SR)(ActiveOT).dat (Record = 1020)
—— 800 —— —
0 Anplitude (%] 100 0 Anplitude (%] 100
701 700-
z s
2 600 2 600
E E
=500 = 500
8 3
2 40 Z 400
2 2
Sa00lfo BN SONERL aa 8 300
o o
2004- e 200
i 8 i i i i Recdrd No.=1020 rd No.<1025
100 + + + 100-
5 10 15

35 4
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<3 3.20> Active 2 Active+Passive BAIE 3 94 4 A3

Active Activet+Passive

wd ¢ 0E 48 s 600 00 268 560 400 00 808 TG0 U0 gu

S-Velocity {¥8) (misec) S-velochty (V) (nvsec)

Depth {m)
{ua) wdeg
Depth (m)

L ]
= "Bedrock(?) ™

o Bedrock

-20 T T T T -20

Distance {m} Distance (m)

A7) Dispersion imageZ5-E, Active ©A} th¥] Active+Passive ©AF Z3toll A 5710Hz W9 Fub4=
density7} ®th FEEix= s & ¢ Advh ZWHI SAbe AT Wsi(dEE wshel weh dAe=
dispersion 545 $3 % 9HS E%E}T‘E E”‘}““” o2 AFudrEs A ETE Frksk, oldl nhek

e

Passive &AE &3l AT ZH AR F sFEe] SUE o] & 4tk

=
12
o
f
e
jue)
[ o

At A Ao A A kel Ade vl fARH YERU Y, 12mE AAIE 2ol 7 ST V&
ARZHEH 2 TB X9 ik oF '1271om ol X8l oz velger I AxE vt 3 uj
Active+Passive ©AF 23+ H OFAFS Kol Wb Active BHAMA I 12713m SRR 7]kt

[e}
wrxAEe] el % ddats A okt o]2l gk xkol= Active ®ARS] dispersion image = 5-F
!

S
<
N
ol
M
}-kl

H
ki
e
3

AF34 Y9 density7} SH.E R 2o} dispersion curve fittingoll A7} ¢17] wj&o]c).

2 ATFEHY Passive sources A AsHA o] &3 A AFIg ] BES Tl VMHAE F SR
o] M TE SUE 7dl & F A& AoR Iyt E EAMATE SElA e oF 20% o) SulErt
A= Aoz YEytou AAvict A 2 e A oo AA dEER FianE A#s) e o
A}

ARkl ALl A TR RS SHAIYE Y % Souce$} receiver (A, FAAH, AFahd
7] & v s A8 & Ak 2eu, AAe] A9 3 A7)0 wilg- vhketar S X7 AlgHA o]
ng A7) HES 483ted wAdE etk 131“§ A 22} e A Aol A7 HA SH4S A
3t Active BAME 7|02 33} al Passive BAE A AsHA A&stohbd AA - ZYE O &8
Aol =& AHRo=w YA}t
() 229 vrtay gs A+

w33t | H " AR o AA MY SHE ] g " S Se BAko] v a glom ek

92 A%
9 2. F 0% ZaE GrhsI9e AR R e QA grel s

2

& BaE F9stn

5 844 29050 o4 o] BeHme 4
& 2 aeme, o|F nede Agdos nAEEE B, 1 A vt
3 o

F7F B 2 RS got & ¢ Sl 7IES FRe o] Zasith

At TALE S8l ek ' A - HAo A (stiffness) WSS St AR ow RAEY

il
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<E 321> WH3%9 1898 AT 2 B 73 EF
s T3 &
2016. 11. 08 o 1218 A MASW ©AL 43
2016. 11. 25~2016. 12. 01 o T12b¢H AF(FE QA gAAEEAAYolR GSE)
2016. 12. 05 o T18}9H 49 ¥ MASW ©AF 3
2017. 02. 02. o 1898 oF 271 F MASW &4} =3
2 AFTNE A FUROl AASE Sag et on, B AR B SAE g 2,
EL(m) EL(m)
100 100
— STA.0 Mark
~ Original ground surface Int tation lenath: 361
" \M | s nterpretation length: 36m l L 0
\ <~ < Dam crest EL830m = BH2 FB_HJ o ReTRE P
- \ \\\ JYVYVYVVVYY 'YVV“' AAAAAAALAAAINAAAAI YYVYVVYY -// -
80 \\\\\ \— -__Q o= 80
- I il - ¢ Assumed soft rock surface 70
Grouting section
Assumed excavation line of cut-off trench
60 60
<Y 343> YA3RY #} A=
<E 322> H3Fd 288 AT H-F EAF 5 I
. First
Sampling . Geophone Source
Recording source g
AL} 22 Y 2
ERAb rate time(sec) | Interval offset Ad 4 Array
(msec) (m) (m)
(m)
Active 0.5 2 1.5 1.5 9.0 24 roll-along

T/B Tl & 1170 &l tisto] 22he® Ales JAdsigion, 1 Ay of#el ¢k

<E 323> H3RH U 217599 AT EF

A7 | FYA ki W3
(m) () 2FSE(L) A HE (kg) (F: A4Q, R: 39)
3.0~6.0 30 366 278.4 o AF FUF T TA
6.0~9.0 105 1,937 1,470.7 o AF FUFT T TA
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<E 3.25> H3EY a2d$" AF A - F dispersion curve fitting ¥ 2
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<& 3.25> A3HEY 28¢8 AlF A - F dispersion curve fitting ¥ 2 (A%)
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<& 3.25> A3HEY 28¢8 AlF A - F dispersion curve fitting ¥ 2 (A%)
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<I9 3.33> 298 AlF A - F FAsA S 53 shear velocity =Fo] 3H(%)
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<F 3.26> HFEE=RC] BHE T FAHE U3 24

Analysis of phase velocity difference for the grouting estimit}giaravel{g)c(lizatel Shear modulus(y, MPa),
before and after - e p=19.2kN/m3
(m/sec)
240 % =
L 0% ... Pog . Oy:-6.0305)<+311.61
388 Kt 0 6 Before: 89~123
£ 220 ° .: Se... 8 8 Q.‘.'G"-g.., gg .
g y=-6.8622x+313.11 '0'3. 9 """""""" gB * After: 101~132
S 210 L ':’U.”"‘"‘,u,_. ° o o0 Before: 213~250
£ o . - .;'5;",---~...°.o,_.o After: 227~260 #* reinforcement
o || STTEE ‘ ° efficiency:
o 12tREE E .
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i 13 1?requency(Hzl)5 16 17
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<E 328> 3F FEAASA 1999 AF A F B 59 B
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<# 330> FF TFAMATA 2799 AlF - F dispersion curve fitting B 2
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<& 3.30> ¥F FFAATA 2%$" AT A

- & dispersion curve fitting ¥ (A1)
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<#E 3.30> FF TFAAFA 289" AlF A - F dispersion curve fitting ¥ X (A %)
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<E 330> ¥F FFAAFTA 289 AF A - F dispersion curve fitting ¥ Z(A%)
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<E 331> 3F FFAASA 2999 AF A - F A4SERe] 4 23
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<F 3.32> FAA S FF 9% A A5 UH 270E A F S5 Ao F £4

2D-Vs shear velocity section before grouting
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No. Title Author Published | Type
1 Accuracy and resolution of surface wave inversion Rix G.J. and Leipski E.A. 1991 =
9 Finite element cgmputatlon of dlSpe}”SIOrl properties of Gavric L. 1992 wn
thin-walled wave guides
High Resolution Seismic Reflection Survey near SPR Surface | . . P
3 Collapse Feature at Weeks Island, Louisiana Richard D. Miller and et al. 1994 e
4 High Resolution Sel.smlc Reflection Profiling at Aberdeen Richard D. Miller and et al. 199 wen
Proving Grounds, Maryland
5 Swept impact seismic technique (SIST) Choon B. Park and et al. 1996 =
6 Seepage monitoring 1nva1? .earth embankment dam by repeated Johasson S. and Dahlin T. 199 wen
resistivity measurements
7 Theory of Seismic Imaging John A. Scales 1997 R
3 Simultaneous Inversion of Rayleigh Phase Velocity and Carlo G. Lai 1998 v
Attenuation for Near—Surface Site Characterization Glenn]J.Rix o v
9 Rayleigh wave scattering by two adhering elastic wedges Budaev B.V and Bogy D.B. 1998 =
10 Monitorting water infiltration under an earth-fill levee with Geotechnical Site 1998 e
grophysical techniques (557-561) Characterization (Vol. 1). T
1 Imaging dispersion curves orfessfjace waves on multi-channel Park C.B., et al. 1998 wen
12 ASSESSMENT OF GROUND IMPROVEMENT USING THE J.A. Sutton 1998 WA
CONTINUOUS SURFACE WAVE METHOD K.Snelling. ) -
13 A Liquefaction Evaluation Procedure Based on Shear Wave Ronald D. Andrus 1999 e
' Velocity KennethH.Stokoe o T
DC RESISTIVITY AND SASW FOR VALIDATION OF
14 EFFICIENCY IN SOIL STABILISATION PRIOR TO ROAN T. Dahlin and et al. 1999 =i
CONSTRUCTION
15 Estimating Shear-wave velocities from P-wave and Franklyn K. Levin 1999 wn
converted-wave data
16 Seismic Surveys at Alabama Electric Cooperative’s Proposed Richard D. Miller 1999 -
Damascus, Alabama Site JianghaiXia v
17 Using MASW to Map Bedrock in Olathe, Kansas R1ch.ard D'. Mlller 1999 =
JianghaiXia
18 Multichannel analysis of surface waves Choon B. Park and et al. 1999 =
19 Estimation of near-surface shearfwave velocity by inversion of Jianghai Xia et al. 1999 e
Rayleigh waves
2 FREQUENCY-WAVENUMBER ANALYSIS OF PASSIVE Daren J. Zywicki 1999 o
SURFACE WAVES Glenn].Rix o v
21 Multichannel analysis of surface waves Park CB, et al 1999 =i
99 Estimation of near-surface Sh.ear*wave velocity by inversion of Xia J. et al. 1999 em
Rayleigh waves
23 |Electrical imaging surveys for environmental and engineering —studies M. H. Loke 1999 =
24 MASW to Investigate Subsidence in the Tampa, Florida Area |Richard D. Miller and et al. 1999 R 31A]
25 Multichannel analysis of surface waves to map bedrock Richard D. Miller and et al. 1999 R 31A]
% Multichannel analysis of underwater surface waves near Choon B. Park and et al. 1999 WA
Vancouver, B.C., Canada
ADVANCED SIGNAL PROCESSING METHODS APPLIED TO L
A
T | ENGINEERING ANALYSIS OF SEISMIC SURFACE WAVES Daren J. Zywicki 1999 =34
23 Multi-station Methods for Geotechnical Characterization using Sebastiano Fofi 2000 e
Surface Waves
Shear wave velocity and density estimation from PS-wave AVO . v
29 analysis: Application to an OBC dataset from the North Sea Side jin and et al. 2000 T
30 DTERMINATION OF DYNAMIC SOIL PROPERTIES USING Ronaldo Luna 2000 o
’ GEOPHYSICAL METHODS HoudaJadi v
31 Geophysical investigations of river dykes in Vietnam Tuyen D.V., et al. 2000 =
39 MASW to Inve.stlgate ‘Anom.alous Near—bgrface‘Mgterlals at the Richard D. Miller and et al. 2000 WA
Indian Refinery in Lawrenceville, Illinois
33 Advantages of calculating .shea.rfwave velocity from surface Jianghai Xia et al. 2000 WA
waves with higher modes
34 Optimum Field Parameters of an MASW Survey Choon B. Park and et al. 2002 =i
35 |Geophysical methods contributing to the testing of concrete dams Karastathis V.K. 2002 =
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No. Title Author Published | Type
36 Optimum Field Parameters of an MASW Survey Park C.B., et al 2002 =
37 EFFECT OF SOURCES AND GEOPHONE COUPLING Mario Carnevale 2006 .
ON MASW SURVEYS JuttaHager =
38 2.5D.r651st1V1ty modeling of embankmenﬁ dams to.assess Siodahl P., et al. 2006 e
influence from geometry and material properties
39 Assessment of rqllway embankment stiffness using Gunn DA., et al. 2006 =
continuous surface waves
40 The effect of dyke geometry.on different resistivity Henning T., et al. 2006 =
configurations
11 The experlmeptgl Vahdat%on of a numerlgal model for the Lombaert G., et al. 2006 -
prediction of railway induced vibrations
49 Fea51b111‘Fy of the Sqrfacefwave rnethod for th.e assessme.nt Min D.J. and Kim H.S. 2006 ey
of physical properties of a dam using numerical analysis
Crossline resistivity tomography for the delineation of In-Ky Cho o
43 . . 2007 =
anomalous seepage pathways in an embankment dam Ji-YeonYeom
TEST FOR DETECTING AN IMPERMEABLE WATER
44 BARRIER IN AN EARTH-FILL DAM IN AUSTRIA Hock S., et al. 2007 =
USING MASW METHOD
45 Application of geophysical methods to the safety analysis 160216-Kim ., et al. 2007 )
of an earth dam
46 |Resistivity Monitoring for Assessing Cement Grouting Effect Kim J. H, et al. 2007 H A
47 Performance gvaluatlon. of ground improvement by Suzuki K., et al. 2008 wew
electrical  resistivity tomography
LEVEE EVALUATION USING MASW: PRELIMINARY
48 |FINDINGS FROM THE CITRUS LAKEFRONT LEVEE,| Lane J. W. Jr., et al 2008 =
NEW ORLEANS, LOUISIANA
49 Lateral resolution and hthOlOglCé.ll. interpretation of surface O'Nell A., et al. 2008 e
wave profiling
Combined Ground Penetrating Radar And Masw Surveys |Carnevale M. and Hager -
50 2008 =
To Locate Dam Seeps J.
Application of Surface Wave Method to Confirm o
2 Compaction of Refurbished Embankment W. Chwatal and et al. 2010 LT
Using the resistivity method for leakage detection in a blind .. o
52 test at the Regssvatn embankment dam test facility in Norway Siodahl P., et al 2010 e
53 Momtormg of grogt material injected under a reservoir Suzuki K., et al. 2010 e
using  electrical and electromagnetic surveys
A 25D coupled FE?BE methodology for the dynamic
54 |interaction between longitudinally invariant structures and Francois S., et al. 2010 =
a layered halfspace
55 Evaluation of the apphcablhty.of the surface wave method Kim J.T. et al 2010 e
to rock fill dams
56 |Geotechnical characterization of a river dyke by surface waves| Lutz Karl and et al. 2011 =1
Wavefield Analysis of Rayleigh Waves for Near-Surface o
o7 Shear-Wave Velocity Chong Zeng 2011 -
Masw versus Refraction Seismic Method in terms of Aavush Kesarwani and
58 |acquisition and processing of data and the accuracy of y ot al 2012 =
estimation of velocity profiles )
59 Use of surfac_e W_avesifor geotechnical engineering K Tokeshi and et al. 2013 wew
applications in Western Sydney
60 INVESTIGATION OF ABNORMAL SEEPAGES IN AN Chin-Ping Lin., et al. 2013 wen

EARTH DAM USING RESISTIVITY TOMOGRAPHY
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No. Title Author Published | Type
Time-Lapse Electrical Resistivity Investigations for Imaging X
61 the Grouting Injection in Shallow Subsurface Cavities Farooq M., et al. 2014 B
Estimation of Jet Grout Column Geometry using a DC o
62 Electrical Resistivity Push Probe Bearce R.G., et al. 2015 T
N _ _ SE2H3 -
O E IO Alo] Z=oloram = A (AEEF ° 1w &
63 la]"l_——— =1 ﬁ ]’] T A }j' =1 =070 X]( é Ri] O%) 02879815(19990129) 1999 = Oi
Directional fracture grouting method with polymer for =05 ==
64 seepage control of dikes and dams(7] = £3&]) =8r= 127213% =
65 Polymer injection method for bloik;mg piping in dikes and Z9M 3 12721342) =3
dams(V] = 53])
66 An Analysis of Consolidation Grouting Effect of Bedrock Ming Chen etc 2015 =

Based on its Acoustic Velocity Increase
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Cho, I. K, Kang, H. J. and Kim, K. J., 2006, Distortion of resistivity data due to the 3D geometry of
embankment dams, geophysics and geophysical exploration, 9(4), 291-298.

Kim, J. H, Song, Y. H. and Jung, S. H., 2000, Imaging techniques of substructures using electric and
electromagnetic exploration, Korean Society of Earth and Exploration Geophysicists and Korean

Geotechnical Society Geological investigation committee ,121-154.

Kim, K. B, Park, S. Y., Jang, J. H. and Kim, J. H., 2015, Analysis of Dam Leak Environment and Grout
Reinforcement Effect of Reservoir using the Electrical Resistivity Method, 2015 Korean

Geo-Environmental Society Conference(15th Anniversary), 215-218.
Korean Geotechnical Society, 1998, Manual for zonation on seismic geotechnical hazards, 28.
Korean Geotechnical Society, 1998, N-Value and C, ¢ method of application, 102.

Ministry of Agriculture, Food and Rural AffairsMAFRA), 2014, Agriculture, Food And Rural Affairs
Major Statistics Data.

Oh, S. H. and Suh, B. S., 2008, Safety assessment of embankment by analysis of electrical properties, the
journal of engineering geology, 18(3), 245-255.

Oh, S. H. and Sun, C. G., 2004, Analysis of geophysical and geotechnical SPT data for the safety
evaluation of fill dam, Journal of the Korean Geophysical Society, 7(3), 171-183.

Park, C. B, Miler, R. D, Xia, J. and Ivanov, J., 2007, Multichannel analysis of surface waves
(MASW)-active and passive methods, The Leading Edge, 26(1), 60-65.

Park, S. G., Song, S. H., Choi, J. H., Choi, B. G. and Lee, B. H, 2002, Applicability of geophysical
prospecting for water leakage detection in water utilization facilities, Korean Society of Earth and
Exploration Geophysicists Special symposium(4th), 179-195.

Song, S. H,, Yong, H. H., Lee, G. S. and Woo, M. H., 2006, Verification of Reinforcement with Grouting
Materials in Reservoir Dike using Electrical Resistivity Tomography, Annual Conference of the
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