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Ultrasonic Reflection Imaging for Discontinuity Detection of Rock Mass
- Laboratory Study

o] & A' Lee, Jong-Sub 7 4% A’ Kim, Seung-Sun
7 % & Kim, Dong-Hyun 7 % o' Kim, Uk-Young
o] 9 B’ Lee, In-Mo

Abstract

The purpose of this study is the development and application of a high resolution ultrasonic wave imaging system
to detect discontinuity plane in lab-scale rock models. This technique is based on received time series which capture
the multiple reflections at interface. This study includes the fundamental aspects of ultrasonic wave propagation in rock
mass, the selection of the optimal ultrasonic wave transducer, data gathering, a signal processing, imaging methods,
and experiments. Experiments are carried out by the horizontal movement and rotation devices. Experimental studies
show the discontinuity is well detected by the horizontal movement and rotation devices under water. Furthermore, the
discontinuity and the cavity on the plaster block are identified by the rotation device. This study suggests that the new

method may be an economical and effective tool for the detection of the discontinuity on rock mass.
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ArgAel e FY 2AE L AR AE 2AL EF AL
aE)m @ A AE 52 2T HY AlE S
A F7H& AR AE37] $iste] B Aol st
of 2|2 W (mapping), AZ4HE 3, Tunnel Seismic
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T8 2. EUASAS] 74 A30| A4 A7 Aol T ML Zhate HTHWells
Damping Sound pulse Bandwidth
Broad
®
Short 5
(2]
]
High damping ‘g‘
Q
£
<
Frequency
_ Intermediate
Intermediate P
2
[/}
B
Intermediate damping €
£
<
Frequency
- Narrow
Long g
Ry
7]
“6 .
Low damping 'g
£
<
Frequency

T2 3. ol okso| X[SA[ZH e Fojeo| i (Wells 1977: Zagzebski 1996)

ord

=i}

-

EN=M GRS 28 =20} BHA 00X - AlLHAIE 53



1977). A& A& Ao FeF ERLFTAY = 3
AEE Z7HIE ¢ J2BR BEdd AU g3

Aot B AR 7H ERARAE Apgof wick

2.1.2 wiA #le]o(Matching layer)

w3 glojols EMATAY wifA] Ate]d] F1HE
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Ul Abo] 22 ofFof| A EMATA AloJof|A] mho] &
Aol LS S RO EUATA s
(bandwidth) ¥} 17 =of G w|Hch jAjet Eals
F4 Afole] 2 AnE Hol WAIES 2A o]
gzof, St WA Wi Holol= vtEE o F=
SRER S S CEREEE TEEEEEEE
ERAFA | M= = &1 AL EoFA Heh E
IARAE QeHo2 shte] Fmart ofe} el
Fuppolng uy dolols F4 e mije oat
£ St} &, band-pass filter &3 1A HrHZagzebski
1996). 913 Blolofe] 71 HAF T mape] 1ol
ot A glojole JuEies EMATALL WA Alo)
of 37 @& =S ARG ¥ vjde) AnEs
7 2,01 ERARAS uEAT} 2,2 B, o7 7
olofe] YMELT} 5, = 7, %7 2 A Y EEA
Ql Zlod &&A QIti(Hadjicostis et al. 1988). 1j3] |
ojojo] AL XFFd FEolAM AFT A= HA
JFe FA Bk

22 EfARMEl SE

22.1 =% A&7

#}2] Al5o] AREtEE ARHRE Btk ARMER| 9] Zo]
& 3Pg9] &A1 7K pulse duration)o]e} gttt mhatel 2]
ARY }01 @—ﬁi o g2 EE5E 7 3ge] A&ARE
o] dE F2 M Fuk dige A FdHE 3).

222 A=
At 213k S)AFE (axial resolution)Q} =
A} (lateral resolution) T+ 7}A| £77} ok Sukek
Abe = Wo] gl Higke 2 o da} thE o)A
(anomaly) 714 0] 01‘— 7957/]-1] ZH o] 713}
B Seoln|, &
o2 oA o)
(Zagzebski 1996).
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2.2.3 &3 Al%(Skin depth)

FolA wjAe] o] H2 RIZE(sensitivity) Lol A]
A o] S-S Y 5 U TS 459 1UFo)
2R Stk WfEE A oUA7t 2AY 52
A7|18 EHEot o= o] A7|7F & o dFEch wet
A HEARTO] UEL- 74 o &F FE 7HeRE A Zoldd
5 4% (skin depth, Sq)of] @t oA Hct. &S 4
= 4] ()3} o] FH P tSantamarina et al. 2001).
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2 % /A2 FREE Ul 720] ok 1 F e
T3 near field)2t YA (far field)olth. ZHAE
Fresnel Zone @} % &}, YA 2]A-& Fraunhofer Zone
gk 3tk 234% F7HNear Field Length, NFL)& o2}
Al ()¢} ZrtHKrautkramer and Krautkramer 1990).
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ohUth EHARAS] A7o] AU Fuivt Be E
AAEAS A% 2UY a0l AolAA Hek

3.1.2 2] 2|34 (Beam directivity)

ERAFAZRY YA R = vh= AgFo 2 HHibst
A At e Ao AMEEE ERAFAE OY S
o} Zo| FFoE A|FFsto] WASHA &= FEjo|th
o] uh= BN O R Hlod4E X7} AL
o] AREA|A "ok ole} o] 2AtEE g B
(lobe)etal 3t} w7} oj= Hr o] Ze 2 Wiksh= A
£ Uehlie 2ol Agd(directivity)o]ch. ¥ A 2ol A
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a[¥R
v A 2y
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F
a: EfARAS B4
R: AKX 232 Ht&
F: =8 Hel

(@) 252 UM AXEE ALST M WA F =8 Az

WAZRE Th 4] (3)T 2rhZagzebski 1996).

sinf = =— 3
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olnlgich, WAZHE mjAe] £E7 AAY ERARA
o] #umsrt AAY, HHol ZE A AN A,

3.2 K|z (Directivity)2] &k
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o 92 8% 4 k. ojnf 2
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U it & SalssAel 4 &
A& BHoz WEol We WEAINE B3 za
6(b)9F 2ol ERATA O] G dxh Qo] A=
stof A|3PAS AAAITIE Wie] STk Twe) ¢
A% A% HS 1Y 6@k Zo] 2 Ae F
Ao EAY % AT, A= Bake Aol 19
6(b)} ol 24 A7t % Mo UEuA b 27
Frroz A ol dxel Bur 287 S5
7 whe 713E Wele) TRS AAESHe Zo] Aol

oh AZE A B9, EDLFAL FUFOENE
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EFARA V3I89) XA A7) He) EdA

TAI(A3441)9} v w2
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4.1 ¥ MYUKDirectly transmitted waves)

MG EAARAGN 4G ERAFAE A
HAYEE 1Y @ 22 VA Ass ZRA5
0] Z(noise)E F7HA171H 1 7] EFE AA HhAlm)
o] 2712 A H o= ol A7 o] AEAHHS o]
A dek AP AYES A5k A5 FH(stacking)
SHME AARA etk AW Havbl Wa 5
AB0)7) W2l 71AH FAg Xste] A B
Ark 719 92} Zo| WAIG EBATAY S41G E
WA 2 Aol Histe] WrofH(barrier or shield)E
MA S ol e of g 307 FAE YFulE
A& AMgstol 7 Bujrt whaeh A Fsto] 2t
Aes AAIA 9 o)t ol ¢ e 4TS
AsAAHY glol d& & Ugieh

4.2 HEZZE(Coupling layer)

ERATASL 273
Z3Z(coupling layer)o]ztal skl EdlALAMZH
B AIFAR 5ol TR MEE &ol7] $igte AHEH
Foz A48 tae Bgsteior Bk ABDR of
AZH Z-Fae]A(vacuum grease)Q} -2 A3t c)
EAATAS A oA Aolo]l WBIEAS Hgst

.0

_EL |

Yjo] g3 ol XA e Aol I 102
2ol uhAfste] 4157} o9 lokghe & 4 Sick L2

U o oI ERARAS 95 WA A9, 1
H 10(b)} Zo] BhAMte] Al 7} AFs] FEsHA| LE}
U ES & 7 Atk JAFLLE o83 ERAF

AE PR S A EHeR 3 ddn
(directly transmitted wave)7} WAYsle) F9] slojof 3t
o ¢ AZHT R S ARSI PodlE HA|T

Cross-talk
5
§' 0 ..-.......—L__/\/-\H/"g_/mm_w_q
O S /
Direct wave Reflection
- { 1 ! l
-20 0 20 40 60 30 100 120
Time [us]
(a) 27} Qe B2
Receiver Source
Shield

Cross-talk
5
Refizction Water
_ I L { ! {
-20 0 20 40 60 80 100 120

Time Jus]
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gl 9. AF MElE HA 4MH(Lee and Santamarina 2004)
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9] %LL] ‘]__(1mpedance)— A
AHgatE o] oA Wgole 71 £8HY
fos weiHel it BIIEE SUT HeAnE
Abgste] WlskE sk Tei olst 2

H2s ABRFOR A48T A9, WY wA
Feto] wiAlote] RIZESL 28)8 Facks AYE B
STk olsh 2 o]42 2 ATolAE EALFASL I
A ABA Aole] ABABLRE B A

gxE Ase 2e A5E TRt gon, Bua
3 vielo] AE7t 2T 3 Aol uet 4 @
Ao o8] A5 1Zo] ZAEA ek, Wby wEE

e dotlla B] A wgsty] f8) 415 H=|7}
[ttt A% A7 Ee 2A FES Sole H,

55 FENATE B, AeE dFste 3 27
B3t she Yo R UHA =t

o g oft

K

.5

51 &g =F

njo

AT A& Fo7] Yol 7 Fa%t REZ 'S Al
of &Y & 4= Q= WA Z-2(white noise)S H gt &
oA ZAslof Stk Aotk WA FE-& 7MY a4
o2 AAT 4= Qe HHL Al ZH(stacking) O E A
B Ao 1709] signal traceS G7] ¢J5te] 102474
o] Az E FHs ol HFE B3 1Y 1@<} 2

B 54l 2k Tey 24 84
(attenuatlon)P_ e =A% Alze] vigr= u$ &
=

AN Azl w2 B4t

(TGC) W& -85t} (Zagzebski 1996). ©] RHAF vb
2 Aol mhE U Fa(gain curve)E Fof AHE
ZIWN AL oz 79 11(b)Y 22 logsigrs
2 ARSIt 19 11(a)e 22 YA E 19 1)
9] logsig¥tet Foto] 17 11(c)2} Zo] BAfo] o] F

Z, Time Gain Compensation

5.3 £1& 8K Demodulation and Rejection)

BAfo] o] Rojzl AEe] GAIBI} A= BAL ol
a7l 317] $haiA we—z— el o] Wasit, of
A AT ek 32 4 8 Rretification), ©]FHt
(moving average), threshold& &

7} 2= A, AE AFE AT 377k A7)
i8] Alzo] Arhzke AL Yoz 1Y 11@)54
Ze A5 d& 5 Utk A, olsBelA= (120,
2/20, 4/20, 6/20, 4/20, 2/20, 1/20]2} kernel- S Z-8-3}%

3k A% Zﬂ7-](rejection)
AlE
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B8 9L 5 9t oo s A AAL 94 njw
AT FEE AsoA Fae YR ZHSHA] &
et ddEo] AAsFE WHoR & AFolM=

Fof AZA 10%~20% v]te] A5 = A At 1
d 1NH 2= LAk

5.4 QAE|

AB AL B3t ABE HAlSKimaging)o] HL

60 EIXBIS=2E H23A A1z

st Fakst BHE T 7 S 233 TH(Zagzebski
1996). A, Amplitude mode(A-mode) 24 B-Z&% HEA}
25 4159 Z(amplitude)ol] wheh o) EA|T=
oz Aol weh W& 27|18 HoAF= Yol
o} o] WhE-E whamel 9i4F Wste} Aol pmel B
AE A737] 4l whgolcth spAuk o] WS A5 E
3hLtel Adatel £ Slo] MA|2 A5 E Hrloje Y
1R kom AT o] A ojH HRZFQ HHos AL
Z&= Hieolth £, Brightness mode(B-mode) 244, 4l
59 95E S99 [7)2 ol ol Yo BHs
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