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Modulus and Damping Properties of Kaolinite Using Ultrasonic Testing
L= 4 Min, Tuk-Ki

Abstract

The objective of the present research is to evaluate the wave propagation velocity and attenuation characteristics of
kaolin clay specimens using ultrasonic testing. Test specimens with known initial micro-fabric were prepared using a
two-stage slurry consolidation technique. For a known state of stress conditions, initial void ratio, and micro-fabric, a
series of experiments were conducted to evaluate the longitudinal wave propagation velocity and associated damping
behavior. The effects of major variables involved in ultrasonic testing of cohesive soil were considered in this study.
Ultrasonic velocity was not correlated to the microfabric structure under the given consolidated pressure whereas

ultrasonic attenuation was affected by the microstructural properties of the specimen.

2 X

B AL 2STHIFS Folo] /2 HE A20) 285 Ant S0 AHEHL 2SI 222 oY
WS olgle] oAl TR WRIAE i T FRY LU ES ABHOR AT 235E ol3to]

Zt 325 7H AES ¢&9 = 9 1 AFE FFsHHch XA 7K Fakp, AR o), & WU 55
WBHAZI] o) i L ZASKAT. 4 23 AREEL 2L 4 38 2PN AND B AR B9
Mo o] A Yo 74 BAL uATRe] ol 2 Ao thehrtt.
Keywords : Damping, Kaolinite, Microfabric, Slurry consolidated method, Ultrasonic
LME ¥t Zejo} Aup&ms gttt sk A Ax
£ U#E3tc) Sheeran 59 A o]F AHjL; AR
2P MY A dFos Are P2 HA W B4 JEe) 2 @] Uitk FAH o
5 xAHE o] A"t 280= 20kHz o)Abe] 1F 4} Stephenson(1978)-2 AEZ Zof sl z3u9
s AS Auksis Setolct. P} 1 STHZ Sgsto] o|2HE FEAAS UL BA
229t AR 42 BN W] SEL TR A TaASE Peldh A= 2707} 2 ARsh AL
BA3 AA 270 9L Wtk s} oA B AREc o 4G ASE B 4 dglon, B 4
S dio] JES YRty es S=g2 e dEo s B X4 A 7Hpulse duration), 413 ZF7|(interval) & T
vrebd 4 slek 2t 3o 259 U BEnT St Pt £EE
Sheeran H(1967) 3559] Tha Fofl tat 2&  7-3u)7h Sk et pasigont sue) $EE
TAYS Eoto] Puke] SES S45t0] Yl PoFSE 2 W3} molx gigton), 7he 7k el
o A AxUEE HHPSNY £ 0%l DX ESHESL S7be] et £ she) A% $EE 37}
e B3, E3F 7 AR oldeR F At Wang 5(1991)> B4 k5 shoflA EPS AE

* A St AP A 28 FEE W4 (Member, Prof., Dept. of Geo-Environmental System Engrg., Univ. of Ulsan, tkmin@mail.ulsan.ac kr)

ZEIE O|8E J12el 882 A= & 24l Sd 17



2ol tfstel glel ol mE 287} £59| s
of it A7E LS FoIM 2EMY SEE
o A7 s EAee Ao e,
Qiroz Foulrl PashE SEE S7hoH Ao
2 e W gl £E7h S7ekthe A
o ge aulold Fol AFARASIL 2ok RE
Uebdth Sologyan(1990)2 oA o] Hof 2= &
Hg 93 28ute] $-go] thate] ApsioAT 2L
7 o] UE, ), v TEE FAsHeT] Tl
23l A|oFel Tk Nazli Yesiller 5(2000)-2 3572 &
o hstol TS ATHE 28TE ol 8sho) 2
o Q1 Az gevlo] e Prie) o] Hake g
ulo] T2 W] Wstel fARSHA Lt RS o
Yasre) Z7po] wat 283 2490) ol Tt 2
Toisich. $=5 & AR ol S7Hre] ek, B3
F719] o] ZHagol whet 2 ¢S ey 23T
g2]7]19] o) thdt 93 L. 2 surface transmission Bl
gL 3t @A AR5ty B A3 through transmission
GBS 3 Al A9 Antel 20% Woll A AASt] AR
g 7Fs/de sl

2 A ME FHAS it JE 722 %S
agslr] Yot & HEY HEFE W olitE
o] ARE QFHeR AFtsto] 2SutAYS A
Gk 29t FAEA F 7P FaT A FH4EA
ot A EA G 1A 5 9= 84E)] THF
gt ohEo] Hupek, AlRe #4594 Wt &
FFS 2AREATE AF7RIS] RS dTelAE
F2 FEAe SAd 230 HHolA Uy
B2 dfofAs FeAAISE ot BEAIRE &

sho} AHEAS AFHOR 24T 5 Ak

100
90
80
R 70 |-
aC-J 60
i 50
S 40
(&3
§ 80 | M
a
20
10
0
0.1 1 10 100

Diameter (um)
8 1, YEEEIM

18 s=EXErEssl=2d Hi1sA XS

2. AR H& Y ST FH|
2.1 Al& M=t

2 =RoAE 2ETAEE 7] Yot 7R A
£2 wrpzel oli72e £ 7ixle AlRE ARel
At ARRE 7HEE-2 o]2AT Georgia kaolin clay 2 <)
A7} 58%, 248A7E 31%, BF-E 2.640|th ARE
H HE JrBExIAaL 19 13 ok

HEQ] vlA| 12& AFH o2 AFshz Wy of
g AT B2 AHE o8 Al=E v} ok Martin
(1965)2 7F&EE 190% TeHl2 &g vhE
98.1KPaZ 5 ¢Uste HRLRO AgE THEL,
19.3MPa2] K, A 2 Uste] o] AL R AR (dispersed
sample)S TH= v} ot 28 29| RIS {5t
A&l CarbowaxE FstL Arfet & XRDE Al
HHE W) Side@} Barden(1970)2 O] AR
= FAFUEES J7|a HEF R A e
o] g3t AIRE AASIR L, nHFERE SEMOE
I3}t OBrien(1971) 7H&A3t defo]Eof of
3 SR AFES ol8sto] HEFR ARE A
213}5it}. Bardend} Sides(1971)= HAE A|Zo] 72
£ WEsh] Y SEME ofugt TEM, £33u]7 3
XRD7| M S-2 Al-517] % 5+AT}. Hazen S(1999)2 7}
LHof &7, gol2 TFHFE AMET 150% pu|=
&g YUHE AAgSte] dETRE AEE TE
ow, = o] g of 2% Calgong 47lsto] o4k
Fxo) N2E WEY

B Aol Al Al 9] A= W& Hazen 5(1999)9]
S wsith ARTRY ABRE 'Y, BolR FRT

-0 -— [ —

100 1000 10000 100000
log time (mmin.)

J8 2. AlRe| UY I

0.1 1 10



J7 3. o[&xe| SEM 3t (3000x)

(deaired, distilled, deionized water)?} 7FSHHPEES 1L
3|2 Egstel BE G4 150%2] £eelE wofe
&4 7] ¥(slurry consolidation technique)& AHE-3}o] A
AEeh AlREs dEEA A 30KPa7kA] SAE =
SEe Tiste] AFTIALH JUAZLE 8A A E}
28 EQIE AU F AR FpHls 42%, DASTTY
1.74kg/em’, b 1.150]9iek. ol4kEzo] AlRE ©7),
ol STl 2% At el EE(Calgon)
H7tete] 150%9) $HpnlE myt7]ell A 158 o4 mwut
3 F AmTael FAT YA ARk U
S MESxEeL ol 30KPaztA| GAER Tistge.
PUAZEE 10Y =7t 28500k P F vl
29%, TFES 1.88kg/lem’, ZH3H] 0.77010ck 1Y
2 WETE D oAIT 2] G R4S HolFa Qe
29 33 19 4k ARE oA TE AR 9 Wm
& A|=9] SEM ATHE Hojgrh 19 39 o429
NEANME JR7F U=tshA ego= wA=HY e
e AT 4 glon, 19 49] HRFR AR A

exit trigger
O O

rec, out [=* 381

pulse oul trigger
G

TB1000 Digital Oscilloscope

rl'l Accelerometer

SAMPLE

38 5(a). AlY | setup R

L=
T~

Z5u0] "hA Ax| 2= TB-1000 Gated Amplifier/
Receiver BoardS ARE-39 oW, dlo[gjo] 427 9 B4
A2 2= Digital Oscill(;scope?l GagescopeS ©]-&3}4
o} 7FzlFuk4=0] 2718 IMHzO| A 20MHzZE ASHA| 7]
W A9 NSt 24 Al %A
Saof] o] Fuhg Wolol et MM o ALga}
Ak 274 e A ol s Ratsiel 4

Z25}= though transmission mode2} 7F&EE
A siist Abgalo] $Esis Thol AE 2SR
pulse/echo mode7} YWHA © 2 AL & ¢l=d| B HF
of| A= pulse/echo modeE ARR3}o] A5 gt 18
5()y= AlE A9 A =g Holaal glow, T 5(b)
ol AR 7METEAZ AR BEE HolFal ik

3% 5(b). AR 7HEZA7F BAE D&

ZBIIE 0188 Ji1=8! FES A+ & 24 |4 19



o] A FHO F o)A LR o] A|of th3t 2MHz9)
2% 549 nolt}. 7t B EE A
5 o83t vuF HIsA HHE

g 2 glolch &
24 oo A7 FAE 7.12lcmo]| o, HupA|zt
2 0.0000875seco] Tk wWebd ATEEL theT 7
o] 78 4 9t
V= = et ey = 1625.8 misec (D
T8 6. Gagescope2| CHEHQI 21M(2MHz) 3.1 A2 =e| o5t
3. H Stephenson(1978)-& A Eof th3t 220} AYS F3}
o A9} ol7t 625emd v 71 M 4TS
Aupeof it v|MF20] Y& Yoty st S 27} ook Bhgch £ ™A= Az Hol=
of Aol Zol, 7AFME, HIEF N2 BHF | 1emsin) lom 202 HebA Al Pl S5 S 2
off H3LE Fof A& AAEHAT. 17 62 Gagescope Q3o @A A|B S0l et Fake 2AFSHITH &3
ear A7} 719 70l4 Bz uie} o] Hupa|zro] o] o
1 08 > st Mghoz ZrgtomA B Mg AeH Alw
g e — o Aot FAS YL Holx Y3kon] A FA
e — s A ABE AL 5 oinh ol 1 B9k 27
Fire 7 ule) Aoz wnd oM AsE 295 4 o)
ce0s H57] GO = 2 Aule) 49 A= Zo] 10cmthel]
S = Zojo] BAQlo] AmWat A2 B 4 gtk
Length(cm)
38 7. A wWE MidE (1 MHz) -0[ARL= 30 FOlA oI8te| XA
o Quka 02 47} 7Nt et SEE F7HE R
o | o= A Ik E AT FHNFTGE IMHzo
£ 100 A 20MHZ7HA] HSHA7 I Aok $EE 25sierh 1
Som| — A= 19 8 2 28 99} o oA B Hie}
1000 %) oIFE 3 ST B okt Ige
i C e °F Hol g oz yehgon, wmmTze A9:
a2 8. =Oi4 ¥ (0|ARE) 3MHz7HA| 9} e Fappe oM Fakpo] F7tof
wa} W SR tha S715H: S Bolo 3MHz
o ol nEmYeleldE A AR e Rola 9]
T "  Zueo] gere 27 2o Ao e
2 w0
§ 33 T} W mE U
0
- M3 2] S 2AR] Qeto] 21 R 53
’ ] p—— ? T el gt S5 6 2SI AY due
18 9. Fuee) 2% (MR75) 17} 2ok, o) S Azo| A, 59 W sl

20 &g=XgEaE=28 Higd He=



E 1. 4P o Mothrel Y

He7x
Horys = oad
=& (m/sec) 1537 1606.9
8 (m/sec) 1515 1626.5

oM Zrzy Aol AA=HU o 1 Aite FARE AL
2 UERRTH(E 2 X)) Mgz fie Alde) B
FAYTY 27t fEYFo] SR o A Y
Eom oliltxe) Feole sANRgel St 4
BT L=Eh ohh 2 UEbg oy £ AR 2%
4 8l £ JF S Aot 1% R 11 G

e He nom vepyrh

¢

34 Az HY2 I

AR B4 BE T 4TS 2A] 9istel
HANN $5T UFFARS o8 TPz 7
of A Aol datel 42 ARSES SFHG0

SRR SRS 4R, FYR A sl foto] 24
g Hvh 57k 2014 B viel o] Zolof ure}
7o) QR ke Bl A2 At #AsH A
e MelFth 2GR YT S5 24
A3t 93] A stol AR B B AT A
$9 A=o) A9 A Swo] L 1A gk

3.5 2ol o

0.9,'.'

REREEERERT DENCEEE RS
Azof st AJEES AT FA7E FAL AR
o A% HEE A5E w0 olzigo] o] WETE
9] A9 0.273cm, 0JAFEZ 9] AL (0.317cm] B
SR R gt AE-S AAEHch 19 102 74
Sk IMHzO) 39 44 Ad d1E Hojas dE
Al ago|ct. ajollA S o]i2o AF Hut

£ g A02 9yt S oAt FESIOE vl A

E 2. 5Y 9IAlE HugE OMFE)

Fote(MHz) | S=(3HF) S2(5YF) SE(dF)
1 1627.6 1622.1 1631.4
1627.6 1625,8 1625.8

1625.8 1623.9 1625.8

10 1625.8 1623.9 1625.8

20 1629.5 1625.8 1631.4

2 ARG fASL 98-S HolEe). ofo] yrstel 13
o4 WETe] Y AT o AelHi 38 Aw
07t e s AFo] A7 gaste] 9717t oj=H
o olelst AR AW AN Fuks Mol 2
4 igithole} o] MmTRe B 97} olAbRe 7
ol WSk} ZAZF 2 AL T 4 Ak

Aspelt vho) WEL YWHOR the 4O L
A 4 glck

A, =HAe @

oA71A A,

& A EEEE 9] FAFolal, A2 A

’ H
i N ' '\
’ \ \‘f \’\/v\l\ l\ \ I P "\/

'\\ A s?

38 10, ZAAIY AT (Y-OINTE, Bh-E47T)

Attenuation Coefficient

250 —%
%
200
£ 150
©
S 100
©
50
0
0 2 4 6
frequency (MHz)
J8 11, d2A%, o (HEAT)
Attenuation Coefficient
250
200
£ 150 /—”_—"
@
§ 100
[
50
0
0 1 2 3 4 5 €

frequency (MHz)
J% 12, &AL, a OIMET)

ZSIE 0|88 JI2e! BEQ H= L M 4 21



A gte] AZolck ak FAASE BAUFoln, «
AatA |tk A7) A1 Festel tag Holw o
4z} o] Hel FHALE T S Utk

go lr rg

A,
log (—ax) = 2

: ©

a7 112 R fatel Ag duw Fu
o] wislo] M2 AL WSS BeiZTh oA
B v} o] Fuiee] F7lol et gAAS ks o
& Z715Rs 2L BYO IMHzo|A SMHZE 7}
ol mhe} 7.5% S715tel 1 JaRe ark 21 el

39 12 o7 AR el Fukso] nhe 7t
A9 Mg Bzt olgRe] FeolE Fujs
of Z7toll whet ZAAS, 0= STk ARE Bolo
B, IMHzo) 4| SMHzS: 37}l ujet 64% 2718 o
£ A0 Yeht wmanch Fukse] Wsjo]
ousH W A & & Yk

OUITRY FHASE WaPRe R A
ERon], Be Zats ool ml4 7R Gl
A IMHz oA ol H72 zkef 1.9810] Hjolg
GOl SMHz Geol M 1259 Aolg Lrehye] 2
a7k Z7kael het oA Y e RASHE 7
T Jehi%ch & AFAE 28918 o)g sk 4
38 ANPol tet Fue) GRS 2A} HH) 2
SITE AFI GAThl Y S0l AHse gy
£ o187 BYo] 23 o|FoiHo} T Aolch.

4. 4 B

B AToE 284S Folo] 7hed HEo|
He) Pukel £% 9 714 BAHS 2ARBIYTE ABE &
2] QrUdEe AMgdtel WETae} o472 E
FHoE TS| ] 7xo) B & Y
of 24} Fah 28e] HEE a2 L 2A
WA ghe WA Bl 3 e W Ao2 by
o 2 9T 33 et 2e AES W2 4 A

el

(1) 7HFa45 IMHzO| A 20MHz7HA] $8hA)7] o
S dAEon, 5% Ay S| F7h)
w2t JE | wA| 2] Agle] AmEEE F7t
he AEE BEOU 3MHz ojAto A= Ao UA
g gE EAck

Do
Do
o

ISR =28 M8 HeE

@) FA) FEE 27 Hoto] lom 2102 em1A|
A 29 SAS Ao AR AN stom, 2
A A3 A& T S 9% gle Aoz B
Qlt}. Stephenson 6.25cme] F7] A|E7} 7H&F A
e TE BolEntn st ot A )] Ao
2 AYS HAIRE A FAo tisted At o]
Zo] 7hsste olst BAl= FEEH <o

() 958 AE A AR gt Aut L2
st 2 43}, £ A9 oho] 27} Ax)5}e] 4]
B B 4% gl AeE Helth

(@) =AY BT 28 43 2 da) B
AYNA AR AR A9 oAbz H9E 5
FEF L5571 A vlsle] 0.9% & AL
B Yehgon, ARz o] o= fauero) 4
=7t B £z vjgte 1.5% A vEht
2 A A2 A2 F$- Weke] g3re 3
A otk

) o= AR Aot £E7F WRTRY A9
Auf £ 0) v|Ehe] 5~7% W2 2 o2 Uelton
ol =], ¥k 59 gFgoz wodch

(6) To] A= WEFRY A|77} oA 7R AR
BAeET & Aoz yeht mke] o] HEQ u]
Al 271 §FE US4 4 AYch

() ZAAT= Fah] F7o gt 718t Ao
et on HEZREG ojAb oA o oyt
A W3t W Fubg FHoA nATRL]
ol AA ushgted, Fart Zkgho) whet
1 G2 Ak 2 Aol E 2898 o
83t Aol Ay whet AFuba= F o)) sk
Y2 ZAHA Retglon 5 Bto] Hojof &

Aok
Al 2

o) R 2002 LAk eke) AHio] olajel A
THYOH olof AtolE Ehch

o8

Ho

1. Barden, L., and Sides, G., “Sample Distribution in Investigation
of Clay Structure”, Geotechnique, Vol.21, No.3, 1971, pp.211-222,
2. Hazen I, and Penumadu D., “Resonant Column Testing of Clay
Specimens with Controlled Microfabric”, Report No.99-2, Clarkson



University, 1999, p.139.

. Martin, R. T., “Quantitative Fabric of Consolidated Kaolinite”,
Massachusetts Institute of Technology, Research Report R65-47,
Soils Publication, No.179, September, 1965.

. Nazli Yesiller, Gokhan Inci, and Carol J. Miller, “Ultrasonic
Testing for Compacted Clayey Soils”, Geotechnical Special Publi-
cation, N0.99, Advances in Unsaturated Geotechnics, Proceedings
of Sessions of Geo-Denver 2000, Sponsored by the Geo-Institute
of the American Society of Civil Engineers, 2000, pp.54-68.

. O'Brien, N., “"Fabric of Kaolinite and Illite Floccules”, Clays and
Clay Minerals. Vol.19, 1971, pp.353-359.

. Sheeran, D. E., Baker, W. H. and Krizek, R. J., “Experimental
Study of Pulse Velocities in Compacted Soils”, Highway Research
Record, NO. 177, Highway Research Board, 1967, pp.226-238.

10.

. Sides, G., and Barden, L., “The Microstructure of Dispersed and

Flocculated Samples of Kaolinite, Illite and Montmorillonite”,
Canadian Geotechnical Journal, Vol.8, 1971, pp.391-399.

. Sologyan, A. 1., “Survey of Methods and Means for Determining

Soil Density in the Field”, Soviet Journal of Nondestructive
Testing, Plenum Publishing Corp., Vol.25, No.7, 1990, pp.480-486.

. Stephenson R. W., “Ultrasonic Testing for Determining Dynamic

Soil Moduli”, Dynamic Geotechnical Testing, ASTM STP 654,
American Society for Testing and Materials, 1978, pp.179-195.

Wang, R., Haibo, G., Ay, C., Schuler, R., Gunasekaran, S., and
Shinners, K., “Ultrasonic Method to Evaluate Soil Moisture and
Compaction”, presented at 1991 International Winter Meeting,
Paper No0.91-1522, ASAE, St. Joseph, ML, 1991.

(BFYA 2002. 6. 14, FAMEEY 2002, 12. 10)

ZBLE 0|8 I8l B2 A ¢ 24 |4 23



