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Abstract

Some new field techniques for measuring unsaturated soil hydraulic properties by using soil
water content measured from dielectric properties of unsaturated soils are proposed. Firstly
in-situ permeability tests for unsaturated soils are developed. The constant head infiltration test
and the gravity drainage test were performed continuously. The transient soil water content
data during these tests were measured by a portable soil moisture device. The vertical soil
moisture profiles during the drainage test were used to determine the unsaturated hydraulic
conductivity. The inverse solution of unsaturated soil hydraulic functions was applied to
independently measured transient water content for wetting and drying process to consider
hysteresis phenomenon of unsaturated soil hydraulic properties. Secondly surface ground-
penetrating radar (GPR) system is employed to estimate the average soil water content profiles in
the survey region as a function of the dielectric constant measured by electromagnetic wave
velocities. GPR offers a simple and nondestructive approach for in-situ determination of soil
water content. The utilities of proposed methods are demonstrated by using field experimental
data for unsaturated dune sands.
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Fig.1 Schematic diagram of proposed in-situ permeability test
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Fig. 2 Soil water characteristic curves estimated
by proposed in-situ permeability test

k(S =kSP[1—(1—S)"]? (3)

T T, h:iJESIKEE, ko BAFLEKGERL a,n: O
TEMCIRAEIC & » CTRESNBERL, n>1, m=1—1/n
VG EFIVDORAVYT A =513 (0, 0, a,n, k) D5D
TH DD, 0, & ky IAREKMBKHAERIC & » CHEET
MEND O & b ZFOWTEAHIREE L,
ARJEALEBKGRER 1T & - THE S 1 2K E M HRER O
ERXT Y Y RER-2 ICERTIRT o BKMEKEERIC X
D, WIHKSTIRIE (WHHIAREEKE 0) H 5 05 Tt
Ky EHSYEINT 288 T OREEEMESFEES N, Z
D%, e L CEES M AH0KEERIC LD, 6,0 SHK
SN CTEHTKER IS S W TT S BEKGEEIE B E S
NBEEZONS, TNOIEFERRKIERRIC L - TE
SN BIKDFFERIFR S 30 PR 2 08, BERIRESE, R~
B AR RIS 1T 3 1) 2 ERR DB BB G L 707K
SR Th B EEZ OB, Lo T, HEET N
VG £ 7N F 2 — 7 3EKMEKAE TR G
no), YRR TR O s 1) E755, THODHEEIC
(2B KBRS N B (AR EKB O IETER 7 — 7 %
EIIBER & U TRt & 2 0@ T2 (Kool, et al,
1987) ZHv, THROAREREIC X 5 RERET Y 7
F =7 (Rassam et al., 2003) %W/,

2.2 ifhL—%'12 &k % kS ENREDETHA

2.2.1 HREMAL—-FIIFA

Hifri L — % (Ground Penetrating Radar ; GPR) T
&, B OFERAHELL 2 BRI A U 3 BT O KK



14 THEOYIEE 55108 5 (2008)

A, T OBRBAIEERE ORIEIC & > THERD M
ZIEREIRREIC X O FH S 5 T EMTRETH B, T DI
®», GPRIC & » TirifH+® & U HHKHEINE DHEE P
THIKD I ETE L, EEH m R oR s
5Lk poEErfEICiHlltEsEEZONS
FTF5, 2003, AWIRTIE, 7 v 7+ FEE 400MHz
Dk - ZIET v 7> AEm LIckET RN L — 5
ZHW T,

2.2.2 BHIRIGEEESABEESKEOBR

A% th O B AR5 V1 0.055 m/ns~0.170 m/
ns fEETH B LB S TW5S (Reynold, 1997) 75,
MO HFHEF e OERNHITRKEIKEFEL TS T
e TBY, RTEEN 5,

V=c/ie, (4)

2T, c BZELHICB T A H0EE (=3X10°m/s) T
b0, HFERIVEOFERLEEOFEROLLE L
TEFRSN D, HBNOFELRONTENE IFEE KR
LruksrE, 8P, BRVERS Lo Stk o TR
578, IKOFHEROEIIMOYVEIC IR L CIEFICRE
Wi, ARG AR I B W, M o@FER
OEB A LIS 2 FERNG IR TH L LA 5,
A DA EER & Ak oy & OB 1 L EE o YR T
bv, BEICE, TEIECRERERDZRETHB
7%, Topp 5 (1980) 1FHLAATERIC X 2 (AT EKEOHEE
A& LT B)AFRELTEHY, Stephens (1996) &, %
DEFERFE 13 H0.02cm?/cm® TH S EHREL TV S,

f=—53X10"24+29X10 %e,—55X10 ‘e’
+4.3x10%? (5)

22T, R EG) & EFERENET L, HE
D BB RREEE & (RTEE KR & OBfRAAE N,
Ttk EOEIMItE - T, BREGEEREE I
TT 2T Ebr b, KL TIE, GPRICK 2 &ML
FRERE 2 HIET 5 fodic, HIRIENICERE LikET v 7
F EZET v T F EAEEOFE A TN E N
HECBE S, 7 v 7 FERE—COBEIE TS
#+TW< CMP (Common Mid-Point) HIiEH: (PIFHE
A, 1998) AFENE L 72,

3. ARMORE

3.1 HBRMhARRM
BRI € v v — OB ERHIAR I B L
T, RET B EMESKAES L O GPR GHllZFHE L,
TN 5 OFMMEERE L 7o, SRERMHIAS 3R EE 1.48 g/
cm®  [HIPBRER 0.40, (AREEI7KEE 0.03 FEE OIER ICEIR L

04

[T T 1711
k Measured depth 32-42cm
, LA 1] ]

Meas.urcd deélh 22-32cm

.
1oy i

—

e

Measured deptl:1 12-22em
? |

: Measured depth 2-12em

Volumetric water content
=
[E%]

0 05 ) . SR 7.
Time (hour)

E-3 JRALEEKEER IC & B ks o L

Fig.3 Measured volumetric water contents
with time from in-situ permeability test
in dune sands
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