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SYNOPSIS :  Spectral-Analysis-of-Surface-Waves(SASW)  method uses the  dispersive
characteristics of surface waves to determine the stiffness variation of a layered system with depth.
SASW testing is performed on the surface, which makes the method nondestructive and
nonintrusive. The purpose of this study is to apply the SASW method to a nondestructive integrity
testing for the shotcrete lining of the research tunnel located at HICT, Yong-In City. To verify
results of SASW method, downhole tests at the turning shelter close to a SASW testing site and a
numbers of core samplings were collected. After the comparison of the results of SASW test with
the results of downhole tests and core samplings, SASW method is verified to be a cost-effective
and well-suited nondestructive test as an integrity testing method for tunnel lining.
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1. M B

204171 Fwte] HAIE nxEe g wAFA A FUERE Q¥ KFkE7h] e 2 5533
Ak FHAME o]z g FAld Fristd A, AFH HY, 1£¥x HY, E2 HY, 2 €Y §
I e e P9 eldFAF B ol Ad 7 AZAIAM, Ad ARt FAE AFAIAL, ¥ A
Z1E AR AR 59 AsFE dAde @3 AgHn A= AAolr o) s A3 T ol
& AAd tEojAM FHZ Aol Ha e 99 Hd ¥HAd dd 2AE Hrbolg, H2 AsFt

ZEo AAE HE YA @A HAA, 9AE #AAL GPREH 28 83 Hapdwle &89 #
gt A7 Y5 U

e Fasaddd &)X 7Y (SASW, Heisey et al, 1982; Stokoe et al, 1994; Joh, 1996)2 A ¥ W
FE F2EY FdolAN FYdsE vy, v Algoln o XukRAL WHERTY GAIZ) FAH
o2 AYd F d= FHE /B ah SASW & E32E F2EE dAeR e Hgdg Ay
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G A ojn] 1 ZhEAel Eol Hrkd YA, HEAY HAY dside 2AHoR Axd Hol ¢l
a9 2%tk B Aol SASW 719 B WA DA Hrtd HEa) AsA, A4 £U9A Bt
o AAF AoAd NEaTad AFHEY £aAPE HANA SASW 7IHE ol AdxE A
de FPatgdet =3, SASW A@dne] Ay Hrteh #AE Astd 3oy AP I downhole A ¥
< 8t ol E AFAe) HHE T3t SASWZIRY HE HA 9 AXE AgRezM Jbe
AE& Frieted & 79 F3o]

BodAge Algd HIL A7E £A4 upEEd A& de FdALEF) 7ledTF4 FAWA
AFTE 478 Adeideld 2 g9 7juete Ayl £ Ao WA £¥xde MdAHer Y A
7] okl BAFAAM 71 dEFH] 34 5 E #Ankeh(banded biotite gneiss) 2.2 T Ho|gloH,
pRAoae= FAUHuG M #Hepeh-g weistnglel. SASW Aol AAld HAujEY X ALH
= dAgez gzt A #HupehbEolw, 0-1m 7HAE #47F A% RQD7F 009, 1-2m 7= RQD
7} 35, 2-3m7kX1E RQD7F 50019, 3-5m7k2= RQD7F 8091 A ei7 a5k dntdE oz T893l
th B Ao SASW 43 % downhole Aol AAIE AEEEY YA 9AEF 29 19 EAIH]
Atk SASW 2@e AAE AQEEL |, 23 £3ES AR A7 AX Hojdr)

SASW Test

Test Tunnel

Borehole

Turning Shelter
ning N Access Tunnel

Downbhole Test

oy 1 vhsE dF4 Hdu SASW 9A AAE 4¥S A% A gux

3. SASW &l

3.1 SASW 7|¥

SASW(Spectral-Analysis-of-Surface-Waves, T34 99 v &4) 71HE A8 AwtF A
gAA ol Mt 744 E(shear stiffness)e] W3 E vlun) oz Hrlsly] Yot Aoz A&
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o] Holgtrh SASW A2 7eFslA AHostdH T o 94X
(phase difference)& 2 X 7|3 A E o]&slod &As = AHolgdtn & 4 Ut}

Dynamic Signal Analyzer
HP35670A

Receiver 2

a9 2. 4REAQl SASW A@Aulek +4(Joh, 1996)

HANA ZHE Y4z o2 HE ddWe A (wavelength)dl thalA SHw}e] $%4 4 X(phase
velocity)E 2 A@&t=dl, olgidt Hd dd J¥Exe @AAE 4 (dispersion curve)e]gtx 3o},
o] EAFML Hrt diAel Hx29 MY(signature) HE L HoeBA, EAF R dis] EAFEAM]
FLEA BdAHAY AN Ao Q&) 2498 EAFTAHL AP EATH (experimental dispersion
curve)olgtx &9, Z+ ZA|7|7F Agld digd HFEATHE A FHAE FEHFAIENITA
(composite experimental dispersion curve)o]&til ¥t} o] EFAAFATALE 29 HdodH £ F
AEE E&3ted Aol "t Aun &5 FAEY EEL HAs X (inversion analysis)o]y ¥HEF
Ar e &M (iterative forward modeling analysis)oll 9J&lA 7l&dit} ol ZEAHoZ Auyg &%
FAEE AR 29 diEle olEAHoR AAE EAFAH, F o E&AFF M (theoretical dispersion
curve)d A EARLMo] UXE Wrtx BrEHoz A HAdy £% FAEES WHIANA Urte A
olt}, ol2ldt Adtm £x FAEY ZHAC digh ¢F0] HAH3L o8 A o] HY olFE At
Moleta st3, AYH o2 A7t Hoo A o] HUA WEZF Ardy sfMolgi gt §
3], A Ao B3P E AT M (composite experimental dispersion curve)& FAlA(curve fitting;
AARAS 7[HE o] &3t shhe] o ¥ 24 M (representative compact dispersion curve)g THE
% o] o) ¥ E AT M (representative dispersion curve)¥} o] &% A (theoretical dispersion curve)o] ¥
A7l DA H el AdtdAb(global inversion)# 2z} A 7|17F A gl | Fdte dde HdHEAFHAE
& oo ALEE o] BEAIMEN MEH oz AXAFE HisA QA wid Y4 array inversion) A

o] At

P

it

3.2 A8 X N 7Y

B HYe 978 Hdololq tyie HY WAL £3Eg 2A AR BAH k. ol
@ HYAd e SASW A¥e fdelE AAe ANES et AW ohe, £AYE oW
A YH4e, T QA0 A 2H 5 Had FARe FAD

® Hdg WAl e SASW A¥e Fugez A = BAR /A5 2 AHAR AUE
o)l-&35ted WAl o] AL HrISnA AT SASW ddAA AHE 2R 7 Ages 02, 05, 1, 2,
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4 mojlen, FAHA 48 7L E 14 &/iH Je v 2

£ 1L A7¢ B9V %355} BAE 94 £98 SASW 499 AHa

PG (247 AR ZAA G | g4 28 | . [ FHE a9
AR m) | m) A | FVTER | g
0.2 0.3 23 s+ 51.2
0.5 0.75 0.25 -0.25 2y #u 256
1.0 15 0.5 -0.5 27 &y 12.8
20 3.0 1.0 -1.0 = alin 3.2
4.0 6.0 2.0 -20 e#d A & 1.6

3.3 dEHxEo M % M

upEa] A74 BHde gAlo g SASW 4¥ag BAHe B oA e SEISME o] &3t
F3E A}, SEISM(Joh, 1997)2 SASW Agoary &AY EWUAE Far-Al7r TN g4
9 QA EEE ANZFsIY FE AR 2¥EY(Gabor spectrum)g AAFSHD contour ZHEE E A

29 3. 02m A 7|7+ 74&1011 ) & SEISM 2Y 4. 05m /W?lﬂ Agle g SEISM
L] S|

slod, AR 28 EdoZHE T3 g@Aue] dbe] gk oldE Y4 ABEH A ZLIE=
IRF(Joh, 1996) 71¥& A €3 SASW dHojg &4 Tz 1ot}

E Hdue ¥Ad did SEISM M dde 29 3~79 ZAIF ow, 7t 2277k Ao o
3 Ay 2ge EAAAR) dEE BARAL Y 8o FolA stk SASW ¥ xlg Ao Fot
4L FEST o A st gt gtk "Hd e WA disiA = 02m o FAVE A dig A
B AMEF O ZRE 4moll Y AR 2HNEP7A sy wgoT AHEy ok 34 15 11, 25, 095,
03 kHz 5 $4& ¥ $8847S 49 & ¢ ot o3 FH€us Ax A3 dFd Fi nvpx
ZE & A7t 59 1Y 3~7d EAHAQIY o]|F A AR AHERY Yzt FAMe 9447 ~
HEHLE a9 89 Y74 BAIZAHAY FHZ Hedo] Aed, 18 89 42 EAFAe) 9§y ¢t
S e AEE & F Uh

F39 FAES dAstE E2AFAe FHEY T8 AH I FFL oF 20 cm A EQAQ ], o]

F8 Hde Ao FAE ¢ 20cm AEYE BIFE 4 AthH(Réesset et al, 1990). zelxt, AAAHQ
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ad 5 Im FAZZ A dE
SEISM 43 g

a2y 7. dm ZAZIZE Al
SEISM 4l 8 8}%

AR M 9] Folo osly, & 4Fo] szl Ao x

o] Fztoll &85, 11 of;E HAAQ A9 FHE

o g

—

2400 r ® 02mTepresentative
O 02m-Theoretical
2200 4 05m
. & 05m
§ 2000 4 ¢ a ¢ « Im
E 1800 - =) ;m
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a8 6. 2m

2% 8 SASW d3ez 7 EEA

22712 Al
SEISM 43§39

2ikis

Phase VeloCity
3000

a2
__ll\

28 Ady &2 700 m/sec Btk o #e &
HAFE3 &S & F Uk

olgIdt HAMZAHe Fol2RESY s
A9l #r& FIT7(Joh, 1996)el <&M
3¢ wd A4k (array inversion)d &
FEHE #Qlo] Hu gtk a9 golE
ALY T3 BFAEEATHA0
Zkzkel A 71 AoAe =gt
of o3k o]& Falxidol wjmEo] 9l
o dAsA Al MAgd&r FA
T 29 109 AAEHei 29 10
o AAIHo] e AL &x FAR
of o3, o 15cm AEQ EF (£33
gE)o] Y&S ¢ F U3, EF 1 o}
B2 of 600 m/secd] ZHdH Fo] A
38, 2 80 cm AES AZdAMREEHE
1300 m/sec °]4te] oha g 2| Zof
AZE S JSE 4 5 U

o)A} e SASW dPozrE YA
we 93 e £agdE FAMN &



15 cmoi™, 2 ofghE 600 m/sec AEY Ady £55 zZe 4 gdHiFo] s, AFXH o
°F 1-2m oA ¥ oF 1000 m/sec AEY o4 HAHdF, 2-3m A= ¢ 1300 m/sec BES A Fo] o]
AL & F Ut ol 24 A dE AHE An9%E F A,

4. IOE A8 AL H|:2

>
3
ol
=2
X
i)
=
W

Shear wave velocity, m/sec

SASW A@e] +gd A AFF AN

e 879 £adE FAEAL Y3t :olgy AHol 0.0 0,500 1000 1500 2000 2500 3000
AN, Ao zOY AYTANY faAES 2|
FAE 16, 17, 19, 16, 12, 24, 27, 28cm HA. 4} RQD
2 Ede) £agERe dNE £aUER(TY 6} 0
13 9% B35 £agEge] Be R4, 27, 8t
Bem oz UE 4 xd, SASWAYe] 4AAg @ 10} -
3 gol YA kaAYEWe kAYE FAE F 12) rap| 1
#Hoz o 16 cm@ o, £AUE Ay gur g 14 - %5
W7l erEe] £3E FAE ¢ 26 cm ZEY 8 16¢ :
o mebd, AR 2oy NYATFZFE SASW 4Y Rl *
Askgade $A=15mEe 49 A8Yge & & 201 '
Ieh. 221 RQD
‘ 24} = 50
2.6 |
28 |
3.0 —

29 10, vhEE AFE Hdo daelA SASW
AgouRE 78 AUAEE FA4E

a9 11 £328E &
g 21 A

5. Downhole A&l Z=2ee] Hl2

SASWAZ F3id WA A% HAdA downhole Al 359, SASWAHo 39 o
A9 ok 2-4m 71 HolAgl: WAIHI turning shelterE o) &&td], 3 AFE AR ¢F Hi|
M8 o] &3le] downholerE& AASAHaY 1, 12 F3F). downhole A1E 9 w2 xE I8 129 2
el ok 237128 EYAZ FaE BXE AMEEY, £30ENS Ao 4L F o r
A AgaE HAXNATYG. 2R FEEA(PCB 353B65)E SV-19) Ao HgstA 42uka
©2 39 hot glueE AFE3l 02m ZH o8 R AR}

DownholeA @Al A &A%Y #338L& OY 130 Hold=E SVate] ZF(first arrival) 3 73 o] bl
t} A7) M 2F(first arrival) & $abdke] eld o g QE SV SAol uiEE AR #AJEY + U
Ay £59 e AM AxAEY g SVD(singular value decomposition)E o] &3 2 H Ay
(Song, 1995)& Atg&3te) AAtalad-g stk Mok(1987)5 ¢ ol wEaw, Adwdye]l 4 doenhole
ANFe Ade A7) YgalMde sidA) jlea] gatad g e AL A4 ok
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Turning
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CEELLEE)

a9 12, 8 gA oA 9 downhole A1¥ HaxEet Alge] #3g ¥

Downhole Al8d 7= 29 149 SASW Addaet &7 TASHA) G714 Gakai e
Megd v s d st ZAHIIY Fitaldda, wHast 43 & Alold] &3l Zo] )
AA P Fx2 HoU S AFAES SASW Z3, 183 downholeA] Z 9] HAarda g o 4 ¢
o}, wetA, o]eldt - time-distance FA R 2
3 Ao diEgEYg B8 A E 7R, Hd
downholeAlF o 24 A3 #HAs Uy & AL

. =

< 10
/‘\Ht:

e o

2 Time, msec 8

Downward Impulse
Upward Impulse

Downhole AldZA# 9} SASW Hdgdn:= 149

140 zolYoll o LAz e Frst @A HlH 02 [ LAV PN
ojgltl. o] 1P A downhole A8 HAI}E= SASW
Aatel AAA FAHE AR AAE S oA 04 ’\'/\/A’MVMJN«\NM\,

i zkel7t e RAE € 9 o] downhole
Alg YA} SASW dE XY Aolz 13 ¥y

We] wAe) zpo], E= g 126149 go] 7 L I
7} 91x13 turning shelters] A ¥ EE $£IATERZ . va—;\ww\/mﬂxw
SFAl EbEE 9Q7] wiEel 3o AnAZs g

Hop Aoixeg AdHAEEr} wE £IYEUE oA ]

wetd ddgemn HdA Agre Mdi £xxo

Be &57 43E Aoz BoEd 12 Lo | A ]

M A S AN
6. 48 o et A

& dFdME SASW 7IHE B #Ae AA
E grtel HE87] A, &AAl vpEd A . i )
HAYAM(R) 7ledTAro ATFL Adyde £z ¥ 13 downhole AFlN Z4d SVae 2%
2lE Al SASW 7[RE o848 AHE APE FAAY. EF SASWE ol &3 He 99
AAE dddae A2 Aol &g Hstd @)Y AP downhole A1E & FasAT AHAA
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optze] AL SAsy] A ARHANN
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ZAE FAERY AdE SEelA tha Folsk vhe
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RE Ao VUt SASW AHOEHYH £33
29 s wx wiwe 4@ HAUze As
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AP ANEFoAM AF:AssE T IXHAG
‘ wg, £aEe] A4S 887 9% zojy A
| = Dottt | A3, AA EARE] AF FAE SASW 4¥3Z
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