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ABSTRACT

Over the past few decades, theoretical and experimental studies on the connection between
elastic wave attributes and the physical properties of a fluid-bearing porous medium have attracted
the attention of many scholars in fields of porous medium flow and hydrogeology. It has been
previously demonstrated that the transmission of elastic waves into a porous medium containing two
immiscible fluids will have an effect on the water retention curve, but it remains elusive how the
water retention curve will be affected by the frequency of elastic vibration waves or whether the
effect on the soil is temporary or permanent.

This research is based on a sand box test in which the soil is divided into three layers (lower,
middle, and upper layers). In this case, we discuss different impacts on the water retention curve
during the drying process under sound waves (elastic waves) subject to three frequencies (150Hz,
300Hz, and 450Hz), respectively. The change in the water retention curve before and after the effect
is then discussed. In addition, how sound waves affect the water retention curve at different depths
is also observed.

According to the experimental results, we find that sound waves can cause soil either to expand
or to contract. When the soil is induced to expand due to sound waves, it can contract naturally and
return to the condition it was before the influence of the sound waves. On the contrary, when the
soil is induced to contract, it is unable to return to its initial condition. Based on the results discussed
above, it is suggested that sound waves causing soil to expand have a temporary impact while those
causing soil to contract have a permanent impact.

In addition, our experimental results show how sound waves affect the water retention curve at
different depths. The degree of soil expansion and contraction caused by the sound waves is different
at various soil depths. Nevertheless, the expanding or contracting of soil is only subject to the
frequency of sound waves. These changes are not altered as different soil depths.

Keywords: Elastic waves, Water retention curve, Sand box test.

Deng, J.H., Dai, J.Y., Lee, J.W., Lo, W.C.*, & Chen, C.H. (2020). “An Experimental Study on the Impact of
Different-frequency Elastic Waves on Water Retention Curve.” Journal of Taiwan Agricultural Engineering,
66(2), 64-75. https://doi.org/10.29974/JTAE.202006_66(2).0006




— > A

it

FEEEE RN B T It R 5 552 B[ PR B 7 2%
HIRZEE » I H Rt R AK A B 008E 2 i - PRI REEAT
Je& By A (i 28R H B BT S - FRERRI B S B
TR R 2 K B2 SRR T > (RN g2 E]
NEHEAIE R 508 - NERREMEHI AN EZ FKS0H
BRI E » R 138 8IS B AR ST A A
ke

1o - SR B AL (Sw) BB A 55 J7(Pe) 2 RRMA 8 B i
Bl By (7K i 47 (Water Retention Curve)Si 27 fy 18K
S 47 (Soil Water Characteristic Curve) » 1EIk 7K 38
12 Ry R 4R » HR/KaEE Rz et & - R e % AEAE
Frgsl 2 thap Ik — 20 > G 2 KB mH 3
(Hysteresis) °

s ERKIRZRTFEFHS - FIaK R8I RE
A e IR A B S g W R K S E £
B o T SIS MR NE PR FLSE MR v 2 B R B 2R 2
PR LEENRE - THEEE CHEE IR
e 2 LIS B RV E R R R S B Z 5 - BRIE
EAETR MR AR & AR Z LR E P EIRE g+
BORKI GRS - RS M AR RoK 4258
MR BB Rt R R R 3 T I 2
RyER R AR AN « SR ZE AW R s BB R b 46 N
TSR =J8(T ~ |~ _EJE) oy ARSI RIS AR R
(TR MR ) S 2 AR AR 7 (oK Hh 4 Y 52 R B A R B2 S8R il
BirKilsR 2 810 - SHMEEIZEAR R THYPRKHH
RN R BB -

KER oK iEaS - BB HKR R
BERFREMRIF T TIRAVRZEIBAE - AN LEE=2HR T
st REKETHIRERT ~ o~ EEBEHRII(P)
BB (S, FH4a SRR AR 7 B AR IRk R 4R - I E
St RiPRET 3 FEA[EIJH#(150Hz ~ 300Hz ~ 450Hz) 2 &
KB N oK SRV ETE T - TAH van Genuchten
(1980) &= [ml i L1 PR K B 4 2 FEIRE 285 - AT et g 7
HEFREOROK TR Z 2 BT Ry ©

BRI M S FE ) Biot (1956a,b)fEFLFHEMESME
fE R A5 =0 BT 42 Y 2B B G A R L OB MR B G
(Poroelasticity) ° Brutsaert (1964)F1 Brutsaert and Luthin
(1964) Fhy L FH 3 2 i 2 e P £2 L F R B R T3 AL AT
Ry 7 BEmAESR - EFE R A RR B+ K B B
ZIER - LR AE & SR aefI LR E
AT Ry H AT B Z #E A E S A s p - WA B A (E
B -

TESFOHBAER JT 1 » — A i 6 FE FH A il Ryl E
J B » BIIAE []— St [ [S] R AL T3t 7RO BB -
DUERS FURAYREAL - R 70 A AE 2R Bl AR U
12 > Gadiev (1977)#E FHilE &R IO G 0 Hm E i B
EHimas )7 2@ TREJTE » 2IBHEE(1999) DL H#ETRE
S MR R 2R B HIR S A (RIS RLSE 1 K R BB i 1
e TAEMEHEE © Wu et al. (1995){E NS
VN2 (Rt T » DUEFRESR MR AR 451 RS TP B - (RIEAE
Hl F SRS EFEH A - Ge ~ T HoH 2 B
FIFE RS A R S BRI AR R Bl S B A - T
oA HEReR R B RBAEREY B M B AERA &R IR
THAET5HH > Geller et al. (1995)FI RIS MR FORITEACETE
7 A (Non-aqueous Phase Liquid, NAPL) 2 J T 2450k > fir
B BT KEE BRI T IEEEENEN > HR
NAPL # @8 E FLIR i AR /KR4 E) » (RlBE Lo et
al. (2005)F1] FH & /7 FE SRR (A HE L L B M R AR A LI
Cp R IR I P P B G A e 25 R (R M R A
T I R LR MR Y AL N o BTV EFLIR
IVEFRARENE R - BRI T2 A RS
T T AT A% G > 207 (Kim and Wang, 2003; Lo
etal.,2012) ; FTRAFELE/KH TAZE > SHEACR(2013)F]
FH MR AR T FLBE M M E AR 2 R & - BREBUE
o12)F| b FEEER 1T EE RN 2 fRKHE 4R - 75
DA (G 7 B Rz (MR s 22 T B a2 B Re oK h 4%
Z AL 5 EIRQO14)ERETHE Rz E R B AR fR /KT 4752
B EMORDIIE T » BER AR froK 4 #h Rk
BB 2B I B R R Z HE KR B
AR B LR BifA

TR/K &R TR (E3 A TP 2 — B IR A2 B
> HIAPR/K R 4R B HY B R ST T S R R a I
FHRHPER T PSRRI EZ Z8AFIFH
B - G IR S B R M
E(2003) i 75 5 K (1% 1 438 T 7K oy B B oy WY 2 T ER
2 DIbsaE R J7 0t HR M - RS AERE 2
7K T B SRSE R DUBIR RS R
T Ry 2 5088 W TRUE RS 2 B - FIFH BB
TR BRI T Rk Bl 7y 2 (8 - FHE B iiiibifee
GEFET > BUATYKP R g /KRS (R EERE
HRRR R ERHYTR S MEA REEEE/ K AFLIR 5 MHZERETE
R KE R RAIER T » AR REETE R R
JHEA REHE AFLRR -

— - MiRER

FH a2 R SRR 7 A [REAR - i I8 B



BB TR Z Bi% - 4G 3dRk 2 4R EE R AaR froK dh
& MEZEIR TS 2 fh&R Reiz i froKifh 4y - S 2R
WETRFTTS 2 Hh 4R Ry BB R K &R - TE— M T B T
b T /K o TR T b 2 17 Ty 28 s PR R 4R BB
Hh 4R Ry [EI A — Rt 4R - 2RI 7 SR PRET K
RN BET RAIEZ T A RE -

RETA AT A (oK 43 2 BEm bt o A er 20 - 22
41T : (1) Brooks and Corey (1964) ; (2) Clapp and
Hornberger (1978) ; (3) van Genuchten (1980) ; (4) Hutson
and Cass (1987)

FE7S 1328 T Y55 T BL L S (T e ME AR i 2 KR
#E > A H UG A58 KR - Bl EEA B2 T
2 2 R A 2 P48 B 2P Y E = (physico-empirical
model) > Clapp and Hornberger f5=, &z Hutson and Cass &
A& T HEEEINR ZEMER  SoRdh s BRiEs -
H B OrK 45 52 ith B > 58 J17KBE 2 ([H 0 AAE %
BEAEEI R i Fs 85 - (HARy van Genuchten 5=
(VG model)(1980)fH#:> Brooks and Corey (1964)fH =,
1S 28 M B H s AE S - Rk dh 48 Z IR
(Aless et al., 1992) » fh4RERHTIR A RUEAIRI » KAl
TEPETEFIEF (van Genuchten and Nielsen, 1985) » #4%
W7e BHE R E SR EER A VG model ZhIPA AT EREL
VG model :

ho=1/a(S,"" -1)

Hrf o he BBAHTRIIKER 5 Sy REARIE 5 o~ n BfEY)
HERZZEm BEHNESBZER Dlm=1-1/n
REfEIG R (E 2 -

~

L)

BhZERE

Aok EE Iy R EE 7y > 55— 80 Ry HIREEA
B - HAVER By T HUS BAEAYERRE - (ER
RBUE B A 25 (035 55 80 Rbbrastls > #&h
B 3K B AR TP a RIS B R QIR T 48 Hi TR
KihgR - ARG S B RER RN H KR
& - RWTFTATE 2 3R Ry R AERELERD C109 -

31 TEEXMUEHR

3.1.1 HIEKESH
A I REAE B A 8 B B IR OB R EEARAERD) 2 25f

R & & R R E R EH L o &5 AT (sieve
analysis)iE FI{E AR 0.075mm 2 - 3 1 BETHT
GER -

3.1.2 LEEHE -
tbEsSe 2 HAVIERF FHEE A e -3
RIECEE R FLIER - 3% 2 REEEHERGER -

3.1.3 EKEEHEE :
BLEABE A 2275 1 (Darcy’s Law) K HU 488 2 /K
DEEHE K - 83 R /KBnlbass R

3.1.4 RZERESTR S KELHER

EEERR DL 1000 (3005 [ Z B O 1T E
B 0 1SEREREGTEEKEL - R 4 RIBEREEIE S /KIS B
SR

&1 EBOWER

[SiPaill
E9t EILE BEE ERYE EiYes RBEUEE
(mm) (g) HE(® BEIE%) HEITE%)
20 0.840 33095  0.00 0.00 100
30 0.590 316.50 153.35 15.34 84.66
40  0.420 330.15 799.94 79.99 4.67
50 0297 327.60  26.8 2.68 1.99
60 0250 31595  6.61 0.66 1.33
100 0.149 300.00 128 1.28 0.05
EE —  324.60 0.5 0.05 0.00
=2 LhEFRER
TEEGRR a b
JEFET(°C) 26 26
CEEHE E(g) 30.90 31.90
CEEfHERZ - B & (g) 87.45 80.65
Mz 5 = Wi(g) 56.55 48.66
CLEIHHKZE & Wa(g) 81.10 82.30
PLEH-AK Rz T & Wi(g) 116.40 112.60
TKAESBFE T°C 2 BEFE (g/em®) 0.9968156  0.9968156
tkir > BB (cm?) 21315 18.418
TR L (g/em?) 2.653 2.642
+RIEEE Gy 2.661 2.650
Gs B39 2.656
CEEH O T HRZ IR E E(g) 113.30 113.75
EEEAS TS (cm?) 50 50
T EZ T E(g) 82.40 81.85
§7 B B (g/em?) 1.648 1.637
7 B (i B S (g/em?) 1.6425
THEEFLIRLE e 0.612
TIEFLfRE € 0.380




JOURNAL OF TAIWAN AGRICULTURAL ENGINEERING
VOL. 66, NO. 2, JUNE 2020
DOI - 10.29974/JTAE.202006_66(2).0006

1 10.: cm KIS
Eﬁg% 108cm Ak g
10%; A
*/Fﬁﬁﬂé’n\*ﬂ%(%iﬁéi)] mh
\ y |
pr-Rylet
105.0cm
y
A
logcm /O
E/HEk D
B 1 BRESE
= 3 EKERBER =t (EC-5) ~ 58 J7 &t (Tensiometer, 2100F) ~ 7K §& 22
SERE(°C) 05 (Hydrophone, B&KS8103) ~ # &l 43 #7 % (Spectrum
JKGE h(cm) 176 Analyzer, PW700) ~ % % i HI {58 77 25 (Data Logger,
SRS TR A(cm?) 80.71 CR1000) ~ =l 9% 7 2E 28 (Protek 9300) ~ & A 1 (Altec
SR RS Liem) 15.4 9441A) ~ B\ (Altec 515-8G)FIE J7BERbES -
FRATASR 2 & a(em™/s) 21 FER T A S B E80(2014) 2 SRERATE - S
KB K(m/s) 0.000228 F€ 0.8cm 2 RTINS &ML > Wb R~ BREE
BB GE ks (m?) 2.0957x10°1!

R4 BRBKEEEBRER

c d
T EE+IEERKE(R) 74.85 76.55
Mgz + 2 (g) 723 74.15
¥R KE(g) 2.55 2.40
FAETRER /KBRS (om?) 45.571 46.606
FEaRE /KD 0.0560 0.0515
SEIE 0.0538

3-2 fRKEHARED A8 AR

AT FE(E I B B MR R FE AR FE AR RE (R
TRz ERE 2 froKiha - EEE RS 2KE

55cm~ B 20cm~ 5 115em > WiAF_EF7E7R D BUT 10em
FEIEFLICE/KEEES - LAN 20cm ~ 30cm ~ 40cm [FEfLEE
SR TR S K ERT IR e — LA
A HEKO > SR ERECEARE 1 -
FHEphEHS/KES EC-5 K& B aK
BE o B HIEREREE B 1%~2% » EEE DR
TDR [ JERFRIARVA > HA RIS IE - kRS
&t 2100F S0 HEMRINVELE - BUHIESHE S A
—BEAEEHEMNZLEEMEEN  KH/NLIYE
4R BLER ) M AS B AR A - SRR E 1A
ZEEK > B S FUREREREN RS IR
st ER R BN A LA S BN BN/ > 1]
PSS EFRER - BEREEFRIFE EERE
LHEZEREANET » —HHEZEREAFTEH 2 BIE5E
ISR o M B 2 THECHES - BT S HIRHE IR



(T RZIGEFE 2 fROK 4R -

AREFERI SRR 2SR 3 fESERE - &
R8I\ AL g AR (F F & Fy 10Hz % 4000Hz > {HFZE
B PR #iE By 70Hz & 1000Hz - HFEECE(2012) 8
thESTAEBNARIR(F T 150Hz B BiazlgmiE > (oKl
GRA R > RILIERE 150Hz ~ 300 Hz 1 450 Hz 2 B8
SRAETTEE % o PRA AR e P R ER R iy > A oK
PESSRBRR - BRI F AR T B E SR E
Al SRR R R —5(1Pa) -

FE A AR B B — 40 AR [EEE 2 sR JIE T &K E
&t BIbHE B 747K LUT 20em ~ 30cm ~ 40cm iz
SyRIfE R b~ o TNE o RIS HE AR EREE R
BT -

(1) BERERFERDERDHA MRS 12 /NEF - 218 E
FARERE 1 E SRS AN R =0 UIB R R B 2
’J—ﬁ o

(2) @SN - & EE F R E AR T IZAErD > B
B2 AU EREESEAEEREEEE T 5
B 1% DR PSRRI - #elb N
By E BN R R IRy - N
BRI -

(3) BRI EEREFT - BEEER AL
R KB ZES - DUk o B ER e th 3 A4 K 2 37
5 FREIKBEE R - BB -

(4) HIEEF/KOgEFKERKEEZEFE R
RO BFRKIARR E R TR K RS - 2
EFHEKEMFE N T E ARG EEITRE -

(5) JIMEETIRBE R BRI RTIREE -

(6) BFI{RAFF—ELlF M (ERAZA T =K Rk
HEE E s 2 KEI B ESRR e R E NS
Y sy R HIVK > EEIRDRE KR B Bk -

(7) FBFTSEE G B R S T AR 2 fR /K R

(8) &EE SR E A 25 ~ M AR\ E 4= 5 2 AR R
(150Hz ~ 300 Hz ~ 450 Hz) 2 B3 » il FH 7K Giss
PR SR &S AL T R R R R R[]
EE 1Pa »

(9) AR ESER B EE D ERG) ~ (6) 0 FifS#
PR ET g R s B MR AR 2 RK 4R -

(10) BER RS2 R RARARE R, - FREEAEPER(GS) ~ (6) 0 AT
BEIBG 2 SR BRI Bk R 2 (RK
H 4R -

(1) BEFrEEEEFI VG a5 RS [E 57 dh 4R BLE
AREF-

A,
[ii]

]

=113
=113

M- BRRERE

RESF A =R S K& HE =R
G2 T & M52 FIRR7 (150Hz ~ 300Hz ~ 450H2) 22T
Bl R 1% 2 1B 5R ) B e A BER A VG
15 B B B ol i 15 2 [ B SR B AR R - o0 TR
K+n e

4-1 ZHRERBNFER ZIRKHAREER

BRET 18575 150Hz ~ 300Hz F; 450Hz B
ERifr/KgR ZFIEVZER > AR > > Efgsz 3
BRAR A R K s B AT 2 T Al 5 T R B R P 3 4 B ol
o HfE 2 ZE[E 4 P I = R R B

60 —
7 150Hz % & A7
50 — 300Hz % % 3T
. 450Hz % & A7
40 —
e i
g
& 30 —
%
< i
£ a0
W i
10 —
0 T | T | T | T | T | T | T | T | T | T
0 01 02 03 04 05 06 07 08 09 1
fiL o B

2 TEIERSERBRFZEN ZRKHR

60 —
1 150Hz% & 37
50 — 300Hz % %37
] 450Hz% & 37
40 —
e
S 30
i
% -
@ 20 |
D ]
10 -
0

1
0 01 02 03 04 05 06 07 08 09 1
fofa B

3 PETIRRTBRRBERERN ZRKHR




R5 TIEZEERBRTENZERSH

BRRIRSIE 2 /KEEG)  FRERESEAE/KELO)  IRA (o) RAT0) R
150Hz $Z 388 Ail 0.38 0.0538 0.03964 8.96393 0.995538
T/ 300Hz #2285 0.38 0.0538 0.03897 9.07085 0.991430
450Hz & 2851 0.38 0.0538 0.03731 8.89465 0.992160
150Hz #2388l 0.38 0.0538 0.04023 8.59517 0.991620
Fijg  300Hz 22851 0.38 0.0538 0.04026 8.27652 0.986423
450Hz S 8A1 0.38 0.0538 0.04015 8.27630 0.991480
150Hz 28R 0.38 0.0538 0.04343 7.11852 0.991844
g 300Hz #2851 0.38 0.0538 0.04361 7.43126 0.984610
450Hz 5221 0.38 0.0538 0.04309 7.55562 0.992493

xR 6 RKHMRRSERERTENZFIORET DL
PR T EE(%)

150Hz $2285] 2.437
TE 300Hz 2285 1.038
450Hz §22E5] 0.035
150Hz 22851 0.457
H 300Hz 2255 0.224
450Hz S22 0.002
150Hz E2485 3.821
L& 300Hz E22ERT 2.667
450Hz S22 0.017
60 —
b 150Hz % % AT
50 — 300Hz % % AT
B 450Hz% & AT

%47k /1 /K38 (cm)

1
0 01 02 03 04 05 06 07 08 09 1
fiFo B

4 LETIRRSERBRFEN ZRKHR

Z AR/ ERIE R FET > VG IR [RIER H Rk h & 2 AH R
SR 5 > WEBRERMNZEE BRI ES 2
R BRI oK B AR PP A5 B R R {E - HE—2F
KRIGIRK &R Z PR (FR 6) » 1R AN H s A= d R /]
1A 4% » B AT . VG 4R 2 e SE RN EI A
HERAYI A R B A B VB HIER 2GR -

4-2 TIEFKHRRERTEZEE

5 2@ 7 AR T > EE A2 E] 150Hz
RN B T LR R B 2 froK il SREEHE] - H
R LS E 7 B 150Hz B R - =g+
AT ORoKih &R Z BRI B A MRS - AR
BEARDERFN R RGRARECIE - 8 E R
THGZE] 150Hz B IERT T A AR E BRI
&+ ME AR 150Hz B 2 1% - SFER/KHh & I%iE
FIRRTREN B ZIRRE - FHIE A Re 2 2
BRI AR AR R T g ELE
PRI » 27 R =g 37 E] 150Hz B BRIR A
BHEFHE S8 > EBARDIEER - IR T o &
WEE B4R TR DT > R T n TG HEE T4
SRITD TR

& 32 5] 300Hz B 2y - FhiliEl 8 ZE[E 10 1]
S = g T TR OroKih &R 2 BAR T B A _ BT
o WRRE THEZE] 300Hz BB LR A S/
RS - ETRARH 300Hz B 2 1% - SFfroKHh s &
WAREIRE N o B ZIRRE - NI B e
TZRoKihER - N R RE B AR ARG - (At
oo TG 2 B R BIE R FE kAT - 3R 8
Ry =JE 13825 300Hz B2 BRItk E ROl 2
o BERMES LI - IRAT o GEEE TR
WEROITIRD > AR T n AV REE BR8N
e

FhlE 11 Z2£[E 13 AT E 1582 5 450Hz B
85 T BEKISRZ BRI SR L2
B> FOR 450Hz BEJAEH T e i TR 2 3R 5
tFR 450Hz B8 T AG LI AR EE B AR T b
Tt o ERAPH 450Hz B 2 1% - =JE TR R
ZIROK i R AR R BT Z AROK i SR 5% A I BN
8 JRERIA TR 2 IR ERA E AR R MY A F



&7 SAER 150Hz BIRFENEEIEZOEHEASH
ENIEGTR 2 KERO)  FRERIEIRSKEEO)  IRAT(@)  iIRET(n) R

BN B 0.38 0.0538 0.03964 8.96393 0.995538
T 150Hz 5228 0.38 0.0538 0.04352 7.00586 0.983048
BEN B 0.38 0.0538 0.03755 8.83057 0.990704
B B 0.38 0.0538 0.04023 8.59517 0.991620
g 150Hz 22 0.38 0.0538 0.04755 5.95237 0.994029
BEN RS 0.38 0.0538 0.03968 8.60768 0.987928
Va2 1] 0.38 0.0538 0.04343 7.11852 0.991844
i 150Hz 72 0.38 0.0538 0.05074 6.16561 0.994023
BEN RS 0.38 0.0538 0.04193 7.27432 0.992514
60 — 60—
) B R E A ) L3 & 7% 2]
50— RAVET 50 ERBET
1 ERVER 4 BRBEL
5
B &
2 2
e =
2 6
R &
& 9
W
x l
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 0% 09 1
s tafo B

5 TREX 150Hz BKFE TEFERE ZfRKHREERE 7 LES 150Hz BN E T AR ERIE 2 (RKHARLEERE

60 — 60 —
] R R AT 7] BRHEA
50 RAGET 50— BRYET
R X 53 4 PR % 2]
g
)
£l =
2 %
2y R
2 e
= =z
£ W
W
0 01 02 03 04 05 06 07 08 09 1 S L B S L L L B SR N
402005 0400060708 0. 0 01 02 03 04 05 06 07 08 09 1
Y4 -

6 ER 150Hz ERFTE T EPERIE ZfRKHARLCERE 8 TEX 300Hz BRF/E T AR ENE ZRKHARLEERE

HIRTZARRE © 2 9 TRARAT o EZARAT n 284 fiE B4l 3 f#4(150Hz ~ 300Hz ~ 450Hz) Z 27
RIS ERER - ERMES LI IIRAT n &.F ProKihRrs2 B8R B n] DUEE AR AR B > &
It MIIRAT o & T - B RS RS - TR AL B AR MIRE



& 8 SAZ 300Hz BIRT &

RIEBIEZEREERSH

IRIRE 2 KER(0)  BEREEEEKER6)  HiAEF(@  EAREF0) R
R B AR 0.38 0.0538 0.03897 9.07085 0.991430
T& 300Hz 228 0.38 0.0538 0.03595 9.16069 0.987495
R R B 0.38 0.0538 0.03511 9.49465 0.990361
R B AR 0.38 0.0538 0.04026 8.27652 0.986423
saj 300Hz 228 0.38 0.0538 0.03843 9.39669 0.990625
B % 0.38 0.0538 0.03750 9.59631 0.991288
R 5 A 0.38 0.0538 0.04361 7.43126 0.984610
E 300Hz s228 0.38 0.0538 0.04137 8.12955 0.983061
B % 0.38 0.0538 0.04009 8.45562 0.991516
9 SEE 450Hz BIRF ERE BB 2 OREMEESH
BIAIRSRE 2 KER(0)  BEEREEIESUKERO) AR T(0)  FHRET0) R’
R 5 A 0.38 0.0538 0.03731 8.89465 0.992160
T 450Hz g2 28 0.38 0.0538 0.03419 9.90357 0.994366
B % 0.38 0.0538 0.03481 9.84812 0.991748
R 5 A 0.38 0.0538 0.04015 8.27630 0.991480
r 450Hz g2 28 0.38 0.0538 0.03696 9.21864 0.989799
a2t 0.38 0.0538 0.03678 9.33014 0.988345
B = B 0.38 0.0538 0.04309 7.55562 0.992493
FE 450Hz £ 0.38 0.0538 0.04128 8.16426 0.987457
R R B 0.38 0.0538 0.04009 8.09949 0.987921
60 — 60 —
] L3 &% )
50~J BRBET
Bk

.45k /1 K38 (cm)

I I I I I I I
02 03 04 05 06 07 08 09 1
#Fo B

0 0.1

£ a7k /1 K58 (cm)

0 T T T T T T T T T T

0 0.1

I I I
02 03 04 05 06 07 08 09 1
fo Ao B

v

9 P[ER 300Hz BRFE T AR ENE ZRKHARERE

TN BT INGE s S SRR TR R (Fa 1%
TRERIESAWAE R 2 BRI ZIRRE - e Y i
TR AR (BR8N BT ike MR R 8 - LRSI
(CBMISRIEN) Rk Ak 8 - LRI E R 338 P
RET o FHEE BRI T > TERAT n
GIEEAMRT T Vi R -

10 L/EX 300Hz BIRFE T AR ENE ZRKHARERE

4-3 =B TIRRKHARS
EE#R

XH

HREBRTE

HEH A A =R It e KES TR A FRE
Z TR BARREN B TR 2B - hiE 14 15
I 75 150Hz R R B (i = g T3 BAR



- T & -OHz
i BE o 24 48 0 T
BB R B AT | ¥ & -0Hz
_ A o 2 988 ]
50 1 BAVET 50 LB -0Hz
Aok 29
BEBESR + - e TF/&-150Hz
'LE? 2 40— - = T/&-150Hz
S S B}
2 = i - o= _/E-150Hz
2 % 30
R R B
u £
® g ]
. <
W W 20—
10—
I 1 L e B B B B ) L L
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 I
fd0 R Lk

B 11 TEX 450Hz BIRFE T EYERE Z RKHREERE 14 =ELIEZ 150Hz BT E T RKHMAS(ELERE

60 —
1 EALER £10 SELIES RIS 150Hz - 300Hz - 450Hz HE RS
50— EABET 2%
1 iR AR T8 (L E 7Y (%)
,g 40 Tg -7.63
= 150Hz = -12.52
§ 30 e -17.69
£ = 9.01
¥ 20 300Hz g 6.53
i INE] 573
10 NE] 9.85
i 450Hz g 8.64
e e S L DL L D S RN L L& il
0 01 02 03 04 05 06 07 08 09 1
Ao

— — FTHE » FRE MRS > fE32 10 (AR TIR
B 12 PES 450Hz FiFTZE TETZERE 2 (RKEAREERE (2 e [ 2 2 e B T R/ Hest LR PR R 5 1Y

TR PR ER o (T LRRARE I ZIR -

60
] Py FHIE 15 BiiEl 16 435 300Hz i1 450Hz 2 BN & 2
mj RAVET =G MR BT - REZ AR ST
LT ET 2 R EN - IR 10 AT DLATE B4R BT
2 40— ARG N L R R TR - M L %
= LIS 7 2 T4 A 2 -
X 30 (B RS S T DL B 0 o5 - BB FR b 2 A2
F e i R - 4908 P [ T 40 Lo - B A R B 2
¥ 20 DUGIERUR A B S WA GRS R e
I AL o
10—
L L L B L L L L DL B h - &R
0 01 02 03 04 05 06 07 08 09 1
fafo B

13 LER 450Hz BIRFE T AR ERE 2 R AR EEEE AEHFEH AR R FEREAERD C109 /E Ry B I » 55



] TF /& -0Hz
| ¥ & -0Hz
50
& -OHz
1 - = T/Z-300Hz
= 40 \ - o= P/&-300Hz
S N /& -300H
BN - -
.R
£ J
W 20—
10—
0= T T T T 7T 71 l
0 01 02 03 04 05 06 07 08 09 1

fot
FETRKMASELERE

15 =B +1E% 300Hz &)

60 —
J F & -0Hz
+ /& -0Hz
20 4‘ & -0Hz
o\ - = TF/E-450Hz
7 40 W\ . - = PJB-450Hz
§ J NS - = _L/E-450Hz
ﬁ 30 |
£ d
kS
W@ 20
10
0 !
0 01 02 03 04 05 06 07 08 09 1
fi A B

16 =[E+IEZ 450Hz BIRF E T RKHARZ(ELERE

— 5y A E SRS R TSR Ay
0~ LIEELE  AKIEERE - BEar KL » BEs
B R R R S e U E R A E RS S EE -

B Db E E TS ARERIR T
ZHEZEEETE > S EIRAIR I B AR BRI R oK
HhaR - PSS angt e A 2R S R AR O B I > /£
B 57 4R 3 fESEZ(150Hz ~ 300Hz ~ 450Hz) 5y 1Pa 2
Bl W E T 2 TR AR e By
R R7K B4R > FFFIA van Genuchten (1980)fE={5-2[0]
ERHE AR BT AR AT > BRETRRRE(R7K Bl 4R 2 A EIAE R
BER S BT B B R L o

B EnaE SR S TR v] DU RS 7 AR R AR B -
SRR TR EAIRE - LRERELLE AR TIRIE

Bk

FIRER BRI IR R BN T Ra) TR - T8
AIEA AR B 5 BT ZIRRE - HGRE B IE Rt
HOM AR R i 22 ISR AR (M Rk A2 B
REEFER RN T o GHEEEHBESIR
EFF > TR T n RIETERAN5R DM T < A
bt ge e B S SR R BN B PRoK h 4R 2 o8 PR RE Eh AR
B > FIRFHESESR MR IR Ry T R A B
v N

SRS = g T2 R R B T PRk a2 B b
TEIZINLL AT - SRR (L BRI AR B 2 e S
R R A [F T s > B0 T AG R A R AR BRI
{EHURATNRE 2R > WA S IR A A X
gt -

£E Rk

\

1. Alessi, S., L. Prunty, and W. H. Schu (1992), Infiltration
simulations among five hydraulic property model, Soil
Science Society of America Journal, Vol. 56, pp. 675-682.

2. Biot, M. A. (1956a), Theory of propagation of elastic
waves in a fluid saturated porous solid, I. Low-frequency
range, The Journal of the Acoustical Society of America,
28 (2), pp. 168-178.

3. Biot, M. A. (1956b), Theory of propagation of elastic
waves in a fluid saturated porous solid, II. Higher
frequency range, The Journal of the Acoustical Society of
America, 28 (2), pp. 179-191.

4.Brooks, R. H., and A. T. Corey (1964), Hydraulic
properties of porous media, Colorado State University,
Hydrology Paper, No. 3.

5. Brutsaert, W. (1964), The propagation of elastic waves in
unconsolidated unsaturated granular mediums, J. Geophys.
Res. , 69 (2), pp. 243-257.

6. Brutsaert, W., and J. N. Luthin (1964), The velocity of
sound in soils near the surface as a function of the moisture
content, J. Geophys. Res. , 69 (4), pp. 643-652.

7. Clapp, R. B., and G. M. Hornberger (1978), Empirical
equations for some soil hydraulic-properties, Water
Resources Research, Vol. 14, pp. 601-604.

8. Gadiev, S. M. (1977), Use of vibrations in oil producing
(Isopol'zovaniiye vibratsii v dobyche nefti), Nedra Press
(in Russian).

9. Geller, J. T., and L. R. Myer (1995), Ultrasonic imaging

of organic liquid contaminants in unconsolidated porous



10.

11.

12.

13.

14.

15.

media, J. Contam. Hydrol., 19 (2), pp. 85-104.

Hutson, J. T., and A. Cass (1987), A retentivity function
for use in soil water simulation models. Journal of Soil
Science, Vol. 38, pp. 105-113.

Kim, Y. U., and M. C. Wang (2003), Effect of ultrasound
on oil removal from soils, Ultrasonics, 41 (7), pp. 539-542.
Lo, W. C., G. Sposito, and E. Majer (2005), Wave
propagation through elastic porous media containing two
immiscible fluids, Water Resources Research, Vol. 41,
W02025.

Lo, W. C., G. Sposito and Y. H. Huang (2012), Modeling
Fluid

Extraction from Saturated Porous Media Under Pore-

Seismic Stimulation: Enhanced Non-aqueous
pressure Pulsing at Low Frequencies, Journal of Applied
Geophysics, Vol. 78, pp. 77-84.

van Genuchten, M. T. (1980), A closed-form equation for
predicting the hydraulic conductivity of unsaturated soils,
Soil Science of America journal, 44 (5), pp. 892-898.

Wu, T. T., J. S. Fang, and P. L. Liu (1995), Detection of

the depth of a surface-breaking crack using transient

elastic waves, Journal of the Acoustical Society of
Americal, Vol. 97, pp. 1678-1686.

16. #AF-3£(2003)  BE{b T BRI 2 2 BHTE > BT 2R
BRI 28 TR S STt £

17. 28388 (1999) - FERIFAGHDE BE - TR ME Z b5E -

BRI TR IT e 5w

18. Hrﬂ<f(2013) BRI L M E R E
HE5E - BIILRIIRE KA R AR Se e £
afi L

19. BRECR(2012) - BT ORoK B 4R 1 2 E e &

fiti » BRI K RO AR ZE ATiE 15 SZ °

Bfii#k(2014) » FEEFI IR IR ORoK th & A R B R

TENREE L ST > BINLEC DR B K K LA

FeFT i L5

20.

Wi BE : KBl 108 %06 A 18 H
fEIEHE : KB 109 %01 520 H
#ZHE . KE109F 02 807 H



