TOXF+EZU— - NUTHEEZFA L LRKEEREORE - BRARAM OB

FIBET - PO - MATT R - A 5!
(FHE234E 1 H20H %243)

L

Whe s 2O TEHICHE > ERQ-HdafEo LTy, FuoRBOTRTOKRKE EH 2 WIZHBRY 4 X124 Rk
EWIZED, BRELBEOBEREO LT TR TREAIMNMEK SN, ERT 5, BREIMERZ 205 L. E£RKITER TN
TEFLTWL 720, BERMNIEH 720 b AREKRMEORRE L UCHRE L. ZNLIROFIBAOKDOBEAHH SN D, F 72, BEfm
WCHHR-> T T LzKIE, KImTHEAKTLI LTI, BELAWNAKERE LTHETLZLOTETH S, W LBEEzERQL
B2 S RIS A SN DR EAROMERT - HEOKREE, LOBEREED L VIZEOF Y5 ) — - N1 7 (Capillary barrier
of soil) &R, HFLAF Y ET Y — - N 7OHOREWHIBEEEZ FIH T UL, MRS L7z BEWK % R TR
WL, HEEREANORBEL IR TE 5720, MILFHE R 7z O tIR#H 2 & O3 B~ O RS REE 7 %,
—Ji. FXET Y — - N 7R WEEOEE CFHERICEZETILUE, TERERBIBICRKTE 52720, HiK»ADVITHE

ko

ZDEIREDOFXET Y — - N THHOILHER O e

CHEHL, 9, LoFr €50 — - N 7 ORI E

WA L7z0b, BHAERBLUCEBERICH D&, HRLAFYET ) — - N THERIZ BT 2 WAGERBEEZ S IR
RICHEE L2F Y EF Y — - 3 THIRIZBT 2HRP AP O Z <5,

IR BBFH, 63(2):99-107, 2011

F—TJ—FR:LOFxET)— - NYT, BKEER. ALK

LI

W & 2O T IR % a7z Bl 2 i vk o + g s iz <l
HOWORBOTRFOKE EH L WIZHEBEY A X120E ) ffktto
BEWIZED, e L BE OB O R TRBEAIMRK S
N, BT 5, BRMCER 22T 5 & ERKIZER I
WMELTWL 72, BRIEIEZD 0D AEKEOREEE L T
L. ZNLDIRDOFHEBADKDBAHH SN, Tz, BER
MZH-> TP L72KIE, KinTEKRTLILICEY, HEL
MAKERE LTHETLIZLINETHL, WELBELER
7o B AR T A S N B BHEK OERT - W ORKREL, -
DEFEEDLZVIEZTOF Y YT Y — - N1 T (Capillary
barrier of soil) &M, HFLAZFYrETY)— - NYTDY
OB 2 AT AT, HARICIRE L 22 BERK & R
TRIBEMNCHR L, HMBREEA DR 2R T E 5720, #1l
FHATRR 72 DR B R 720 & OFNHT$X 0 Bl - AT~ D JE B 250]
BEE b, =), FYEITY— - N T EMRRMOLE CTEH
RICHEEE UL, DK EZBRERICRKTE 5720, @ik, A
PN EEE 2 B,

COEIBFTOFYET Y — - Ny TR LOIEHEHO WG
HIZEH L, ALTE. £, LoFXET)— - Ny TOH
M ERA Lz0b, HidET, fflFr 57— - N
THEFMNRE LN BIOENERICE D, FHmicBir 5K
DOFEEE R GE & BHRE TAORBE O BN 2825 . Ik T,
FHRF XY ET Y — - N 72K L2 BSI B0 S kIR
LT, HiKPAPCENE LTORBOWREEZ NS,

BBEOETIE, LOoFXxE¥S5 Y — - N ToEOREE RSN
IZF &, BRHOKMEEZBRS,

FY T — - N TOEESTH~NOBHBIEE < v, M
—, EPRSV T EARR BTN & o TV B DI, BEEW LS
BB LEREMBET (Fy THhN—) THDH, 2004 412 [75
okoRBEPIE] EELUT, JE L PP MRS (B8
AVANT Y a vy, 2004) SNTWEY, ToFr T —-
N THERE R I BB L X O &3 ARSI,
BakBoPhv, T X9 i, 2007 4 4 HICH AT TH
eI NE3IRAEMNL T V7 2#ICBWT, Nanyang L
K% ® Dr. H. Rahardjo 5D 7V — 76, WAL £ %
MRS, FrETY)— - NYTEFH L2 BhE T o
WCHET L7 & oii#iE 2 - 72 (Rahardjo, ef al, 2007). F
PR GWHEAITIED 505 0L BREm» S, ToFx
ES)— N THEEEEBMEICERLTVYI ) 354
P HAR I BN TR ENDL D DOTH D L2 b,
—H BOEOHFEIC L B & HEFEE BT F Y ET Y —-
NYTEFJALC, TIvh) HEORRICHT % (355,
2006) HEDOSNT VB L) THb, Ke@BLRLTWIDEHEE
R L CHICKEERT 258812, BIRTRETATH S, &
NETORBICEITE SN T HENREN 2, Badao
HZx@EL T, HiMii LBt TE UL, MIROBMOREICK
ELFLTERLWEENELDH L (IR EHIH 2000, iz
LTH, FYEFTY— - NYTICHVONL D L DK
METH Y, ZNEE, BREBEANOAMIVISI W E W) JHT,
BENCHRMLH AT I OHM w5, £720 FrET

HRB R AREI R (BEERE)

® BEAROKIES AR

P R IE R H 7 T

BB KR B AR EERRSE R - HriR I ARER
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Vo= - N T 2RI L7 HiKERSEOBH & PR 7 & oA
WIRIHEE L2 E, WThOME B TERICATTES
ZENE L LBORRR TR KR P 2 LR & &R
MEREMOAETH L7720, Bl BRRLBEEFE. H50viE
BREEADREFEN 2EM E LTRH LR T wE W) TR X
Jw b )5_’ 2é)‘oo

TOF v ET ) — - N T ORAMBVIFE

1. £OFvEF ) — - N T ORIMTAER

KO FTHER SN S 2L, Ke@deebia, @BELT
7K EBBPNCHEEICREFCE 23 S E Lo, BB
L ZOTEICHEERE % BRI EIRIE T, WO O Y%
BARPEDBENC X D, BEREO L O RE N TR T IR EAAH
wah, £H52 (K1), WELEEEoBEREA, £
PHDKROBEAZHNCTVBREDL ) IIAZDLI ENEH, Z
DEEEDH L VIIBRZTOF Y ES Y — - XY T Eny, BR
WO BRI SN RBRAIE, —E0ERZ I 2 THEMT S
L. BHOEHICE > TFREICEA LD S (Breakthrough,
TV—=7 A=), TIT. BHMIBERBH S L, FERESN
7-HIBRAKIE, LEBoMENE ., #4457 (Funneled flow) (E I,
2000) & L CHESTRICHET L. BRI LEO BT —E Df
Bz TROBADORHESNL Z LI %, (H1 (b))
Fr ¥ — - NY 7L, BSOS, TREIC
MR 23 AZFRBE T 2 25, BRI o LI ER L7 MK %

FEREZR L
YYVVYVIYY
=KD A
TRL ERE ¥
Ei%

(a) K- A (b) AR} i A

1 FvEIY— - NYTIZLBEEAKDHHR (BEAX)

AR E2007/10/12—2008/02/04

o
W

=}
=~

K53 FHAI DAL IE:
(1300 g N, — 3 g 1)

3 \. AN (o

NAEP T T 1T 9 ¢+ v T ey v v

=
w
T

=
)
T

°
=

WHEEAKRE  0(emYem?

RNFRIN T AR PIEF T NCHE T 22 5121E,. LTl
J& LB OMEENERNTH S, LOFXESY— - Ny T
. L EEBOEEEMIHV SN, AEOEEILE <O
W= h o T& (P8.1992) RIE T JBICab<7z & 9 12,
BERWMAED Ny TAHAN—E LTHHER TV S, BEEY
T A NVOERHT HBREARW &, BRMLE 07208
FEWOHRETCICHENTH Y. S SIITHEREHEIES TH
LHREOHERBITFONTVS (ARI VAT Z a3 v,
2004) e WINOBEHBNIBNWTH, RWEEHBIBIICH 725 T,
Fr ¥ — - NY THRRRICHERET A EERRiRE LT
%o K 21&, EHEHARK 2000 KFEER 2m o/ T #
AHHCDoTEZY—ENZFYET ) — - N THBA
DKRTEETDH S (FIS. 2000, F & 20cm O E & Z
DT ERIZ 10cm ORERBAEZR SN0 b, EREO FIROWE
A1, 5, 10 B X 15cm O, 7% S CICEREE T O
BEEND - 2cm O E THRFEERBPWE SN TS, E
NOKGEIE, WERLSBEREE TOERIITDAz-T, B
RS U CRURICBR L T wWb, THICH L, - 2ecm &iC
ENTEEBHNOKRSERIZEAEZLTES T, BRICHED
EREFNOBETRMEFNIZIZEEIEN EN TV R TE
60

2. v EZU— N THBOE SRS

FrEs)— - NYTHBETIE, ERBRLAZX S, MR
X ) RELBANEE DO EOWBIIKRSEE SN, K&
W% L T B EARBIE KR D HRICKRE L b0, EHE
L7228 > TEBRAER SN T LTV Z &Ik
%o UL, HAREET TR, #hEm»SEHERICHST
PRI X DK SN D 20, ERRIZH T 512
DN, WEEIZFOEREML T ROmDHIIN LI REASZ
NULOBEOKRGE#HREFCTERLS 2D L. THOBEE~KGD
TR Lo, KEROMBBEFRL LS, TL—27 2N —
MWHE D, ERHOBT YV NL T L= AN =L HH T
TOKV-HHEE % BRFLE (Diversion length) &’ UNE & B IE,
2004), T OF Y EFT Y — - N T EETIREOER D 5 VI
FEOHMTHHLE) LT CORRARI. FYET) —
N THBEOBBIR M EEIET A ERLEEIT A5 &
b

RAEOKRE 312iE, fENT L LCERmomEs A, M
HF& LT & BOARIKGFRE, 2o IAMKEF L LT
R (SHCIEERT & L TRBOE S B{RT %) 28
BG. L. 3T, TS RTFZRYAAZRREEDOFHIN D

102
ARGy IO RLE 112
(HEBREN —EEN) ]
+1lcm 3] 2@

x
1

B2 FyEgy— N THEENOKSE)E

—100—
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WOPREIN TS, 3 (1) 1E, FOHRTHEREDS
R & &N Twb Steenhuis 5 (Steenhuis, ef al, 1991) 12 &
HBRARLOTFHMAXTH S (Walter, et al, 2000 ; Smesrud
and Selker, 2001 ; /NE & &8, 2004), HBIIZET 57T v
7 A q N8 OEFLE KRR K (T 5I1hE WA, K
DEIT%DB, DFD,

L g&taw[a'l +(h, -hw)] (1)
q

CZT. QRWRBLEERELEOMOBEREDEFA, b, 3D
ZRBAE. b, ZBEOKGBRAMETH S, X (1) ® a I3,
WOREHBEKRE K 2 ADTEKIE b OFBEETEEL
DR TH B, 2F D,

K=K, h<hyg;
K =Kgexp[-alh-h,)] h=h, (2)

3. K (1) ICEOCBAEOHEEMZ . BN
(Walter, et al., 2000) 3B £ C¥AF (FH5. 2009) CToOHEfH
IR LA2DOTHE, BB, X (1) OBFEIMHRAT
&%, BAREIZ. WEOZADIZE S, HHENIZIZSm»S
S50m I EBMEETH L EENTED (Ross, 1990), Fr 5
Y— - N 7 HUBEOREERENCBE b 5 EBW RMEE LT, &
HIZKERRRAR TOMGERLEE 7o T b,

3. RBICP S LVWiEEEY

FrEITY— - NY T AVSNE O LB 8BRS
Thh., ThHE., ARBESENOARI/NSVE W) HT, #
NTHAW ZHAEZ & Do RO RN OB g1
EHHTHE, RS 2 Mfl5 2K TE LTHHATE 20
Mz oo ZONE. WEBFLOME L LTOTRY)LE
PEfE & AR & O ARG R T O 72 L REIE S % 5,
720 BHERATICBT 2w L L TOMARZ#ERL T
(&b, BETHD, FIZ, FYETY— - NYTIE, L
@A TH L7208, BEHIZL o TREZZITLT Vv, KT

2.0 T T T T T T I
- 1O ENRB(Walter®,2000)
@ A IIE (FRI5,2009)

15F -
_F O
E
e E
-
# |l

05F .

" 1 " 1 " 1 "
-9 0.5 1.0 1.5 2.0
A (m)

3 RAEOTRMHEEEHIME

R X D BEROBBZEIIHTCELI N, FXYES
Y— - Ny T EOMTERNEE AR L T MAE T2 R
BALTWL ZEPHN BRI E R 5,

K1 (a)DKFIRICEZRLAZFYESY — - N 7 bz,
WhIZIh AL THiASK] Ths, MEBOESIIG L TR
ARG UL, MR S BT RS 5K AW
K Z OBBEBANICER L W AT ICEMICHH I NS F v
Y51 — - Ny 7IE, PRSI BT A /N R AR N — X
AT A T HBHWIHIAKREE LT, I ShKEE %A%
WCRIHACTE AHMICRY 9 5o BEIBIC X 2 KGBE)OMEIHEGE
X VRO T RS DFBE KD FHIHFLTHHL Z 2 b,
WG TR & 7 5 TV B HIEER 2 A BEICHETX 3
R 2 GbEL D, ZOLEILF AT — - N TOHEH
FELT, M T%H 5 0IEIAMNE TEOREEESTICE
FAH RN TELZOTREZVWREEZLN
o

FEIC BV 5 RKDREMERT & R

1. TOEEREEEREEEIC & 2 RKDZEEERT
METHHL-LII1Z, F¥EITY— - NYTIL, BELZ
DOTEICEEE » B THEF S &7, Bk Eo L Ehikz v
Jo W LBEOERTD LETIR, EVotiFokE &2
P BRAKMEDENIC L D, BT IERBEAERE L. EEDFICH
TLTWL s MEBOBEFRIEIDH 722D AEKTO/NY 7 & LTH
BEL. TNLROHEBIIKDFEAD L W IZIREIL 2 SRS
LIl hb, toFx ¥y — NYTHEZFHET LI E
X0, HEEICRE LK 2 FREE TR L. &
RIS N EELIENTEL, THIZXY, WEET~D
MAKREMER L. LOMEOT H 5 Wik HEDOWEK % HH]
FTHIENTEDL, TOEIRFAETY— - NYTHHOM
HREBIHRD R Z A E, RIS R 72 o g By #h
Zxtg & U7-FHEd X0 RFEHAM OBAFEAT B & % B0 BRI
WCZF o> THTT AN GERK) E. REBICZFO-REZML,
HHLMETFREAETIRELGED S5, EREOBIBME?S Z
OWEIHEE B TOREREEZRAEL VL FXET ) —-
N T OWTHRHEE 2 RO S EELBREINT &£ % 5. KETIL,
A SRR A 2 5 L BEC D20, FrET Y —-

+15¢cm
Moisture sensors +10cm
embedded at +5cm
+15cm +lcm Veneer board
+10cm
+10cm -2cm
+lcm
+5cm
2cm

+lcm

108 213

500 “1- 500 “1- 500 ~l

B4 WHFHEICERLZF Y EF) — - N T HE
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12 October, 2007 to 4 February, 2008

0.5 0
% 04
- 03
® 02
£
a8
s 01
&=
= F
0.0 o o ) rarfe/Siral an ran ; rarnd i
0 10 20 30 40 50 60 70 80 %0 100 110 120
% 3t g fE] t, days
(a) B _EJ5 8 C ORI
. 12 October, 2007 to 4 February, 2008
0.5 0 g
Fg z
204 Bt sh] 1% g
5 1 =
< 03 J“i lcm E ¥
) ]
£ o W ]
% " i ]
4o ; 10 3
#X 01 g
% 2 MM M e N 2
A I AT T
005 10 20 30 40 50 60 70 80 % 100 110 120
i RE g, days
(b) A G C o E ARG R
0.5 12 October, 2007 to 4 February, 2008
5 0 ]
ﬂg E
2 04 ERE. g
5 -
< 03 J.
% ]
0.2 E
< ]
4t ]
‘imé 0.1 1
& - -
0.0 yom : rar i o :
0 10 20 30 40 50 60 70 80 ES) 100 110 120
7% 3t g1 1, days

(o) Bl F 5 ¥ T RS A
B5 FxEFY)— Y THRHEN B2 1K mo RYEHIRE R

NYT OB ORKBENH T 2 EWEERE R BT 5 L L BT,
FHIGE RIS XRAREZMHE L., ARMFH L OIIRELSRZ1T
’)O

K418 &9, WHEGOFE T, B8 & Z0TICHRE
FEEBRLIFYESY— - N THEEERL, 45 High
72oT, WBEBHNOKSBEEZE= S — L7 (EES, 2009),
FEOWEIZIZREE 0]l ~ 2mm O, FOTOREEIZIE 4~
7mm O () 2HW, 2, E X8 10em. &
20cm (ZHFED 720 AKPEE EH 200cm. TEIZH 50cm T, &P
ERZVIRTH - 720 MhoBH L. LhkgE (RREK
) OFHIMETH S, WENIZIE. BERTD S LIS
M1, 5. 10 B XU 15ecm OEIC 22V L 40 %, @
PHCIBEREE T O - 2em OAMEIC 1 HEZME Lz, 0 OFF
Nz ix 3k v — ECH,0 #FEF 5 7L EC-5(Decagon
Devices #1#) % w7z,

512, 2007 4 10 A 45 2008 4E 2 AIZA T CEHll L 72 6
OELET LD L, EB TEBIUOTEORIZ, ZhEh,
FEOEHH (M40 A L), FER (MEBA) BXUT
FH (ML CH) TOFHUKRETH 5, BEWRICE D W,
W TIZ, FRIEWLE D SIEIC 0 25 L7 LA X
TWwb, Zhic L, BETIIAksZ (MhT- 2cm &iE

FLENEFHEER) RIFEACELTBLT, FYyETY — -
N TS & ) BERTR I W R RE AT I BERE L T B
CEDHERRTE %,

5T, LEEEPEBIVUTEROKEZIETSE, BED
KGEDOEAIZDFNIENDDH DL Z L0015, LEDOM,
SF DHHEEFEO A ETIE FITEAITER BRI X
N, BEBHOKGEIZTEF 72 E Vo TIWIEIEERILL TV
Vo T L, FERKOFHAEHBHBIUOTERO®C
HMTOFHIFERTIX. BINOERIS, KomHS—RIicigmL
ThEY., o, BEOKGEROFIMEIE A MICHRE L o
TWwb, BEREOBEED 0 028X, #hE T HEO CALET
bRONTZ, BEOKRSEDO ERIZ, LHOWEDSONEE
BFRLTWAZ RS, K52id. BRARICET 2 1EH5EH
ENTWELZ LR DL (BAREHE . 2009, FXxESY — -
N 7ORRECHERIZ, TRETIIWL O RESI TS
D, BBz EHIZ, ZTDH) B (1) TRL7 Steenhuis
5OW|ERDPEBNTH L EEINTWD,

K6k, FYE¥EF)— - Ny 7HEBEBOERICHW -0 Lo
KM TH b, ThICXBE b, & b, I TFNZFN 16cm
E1ecm BETH 5, WOKGFFEMBA S, van Genuchten
3, (Stephens, 1996) ZHWT K Z#EE L. (2) 1IZL72955
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100 '] 25 .llllllllllllllllllllllll
(a) EERS 1 (b) FEEERD)
804 == - 208
E R e ERRAME] B IKIEE
'Q'\ -
60 3 15F
}gl‘l( m 3
2 1k
E 40 E 10f
S # ]
& of 2
0

0.0 .
BIEEKE 4, om’lem’ BEEKE 4, cmVem’
X6 Lo FEEmARE (TAEERBRICLS)

THRIFNZE W T a 23K 5 L, 0077/cn SN 5, &
L7 B, ST L-GL S 2w E KRB L ), K 1382
x 10%cm/s Tdh - 720 FHUBIM I 72 5 ER 2 EHRE L LT
¢=05mm/min £ AL L. ZhoofizxX (1) AT L,
LiZ99em BELFHEIND, M4 ITRLAWRK2 S, #hE
LHEOFHAAE Ak, EREEIE F 2 I LR & KFE
FHEES0cm 12H 0. LICH_EWD, iz F2ZET R,
L2 LEHER RO B E IR 5 & #HE EimEs 5 oKRF
HEEE L 212IZHE L 100ecm &2 52 s, TL—27 A)—
PELLWEREIEIRE V., K20 E TEREIZES LA
BHNOKSEOEEE, DL LWE» SEEEAORKE TR
rRTIOEEZLN, X (1) OFEBUIMHRTEZ LI
5o

2. TOEEREREEEE 2 FIR L 8mRk TORR

35 Tk L7200 & B oo Je i i s 85 12 BV B 1Ak S )
BOE=F -2k, BREMIFTE2FYES ) — - N7
DOIFIRRZ RS B ENTEL, AbET. BAOFEHE
HFFCT EBAREZFHILZ, BAREFYESTY— - NYTOD
WM ErRETHIEELEFIRNTFTH 2, TOHEI
Steenhuis & DREAVIAHHTH LI EEZWHLNIITELZ &
. Fr T — - NY T 2R LR TR ) ORI O
FEEZH#EO TV ETRERERE RS, EIEORRE XN
WKL DVEEEZTRT W0, MAEWNEILEL 25, WA
BIZL ) BEHOFZERECIH ENLZ s, Fx
¥y — - N7 LoMFENREEERILL TV I EPEES
METH Do MZT N T EEERE ST IUSTOR OB %
Bl THIENTEEE 5,

ToXx+EZTY— - N THEEZFIRAL -BSREOR
KIN=ARRF Y

1. FvETU— - NUTHEICE S HEHEER

Whg & o THICEEz Eal BT, WEgo -+
ORI % RAKVEDE TR S 5 TEREE (Fr €7 — -
AN T) BREEIC K D B o IR TR T IRER MR S
BT 5, BRATICHEFZOT 2L (FHHEORL (b)), HH
L 72K IGERIT NS N L R R DR 2 Wi T & 5 728,

BEEEW O b v T HN— R OWKE LT & U CTHA» TS 42 5
(AR & 2009) . —J7. BEFE % KFEIRIC U CORBEIC IS
UC7zsiciizsug (K1 (a). B LAKRHEMEEICE

VA

k-700-> k=700 |e-700-3

| | |
4 4 4

SH . d 10}1. (,201-1'

S-2 ® \/ C 102.‘ G 203-9
ARGy HR
= ,. = 8
?@ ‘4 N S
{0 st

7 RCRZEBRO X

S 100F @ 0
\ :
%

N i | 4
ool I3

= B /
% 0 B .{ { tl‘
4 0.01 1 1= 10 100
KT ORI (mm)
X8 WiokE

0.6 TTTT T LB
5 () K5y ettt |||
m& ) O ‘ ‘ ]
N gl
o S UM Sl
0.2 i
af o \\ B |
4 [
0.0

1 10 100
@ IB= NPT
E (b) N EFmE KRS
10
& "0
< ‘ e S
@10_372’ EE@(W) AVA
= =1 1) =t
HIE —— LW
@ (- [ T TIN \
M 10 100

BDJE FI7KFA K cm)

9 WEBEDOAEIRIAKIFENE
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WNCHHEN D (HHES, 2009), Pzl B IC BT B/
PR TRARN=NRAT 4 v ZHM e LCTHRETE 5, AT
. I AENICERLzF Yy ¥5) — - N 7 1 TRl
BraAT, HERERK L2 R K O BRI BT 2 #li IR &
B35 L LI, MPOAEFEIIKIZTTHIAKROREZ TN
72 (MBS, 2010 : #FHS. 2010 : Morii, et al, 2011) o

K7 I2RT LIS, A I AENOBHENEIZIE 70cm x & &
90cm @ 6 XMW % & L7zo 3% %S 40cm ¥ THEHI L
ot RKEIZEbE TN VYR TIER LA ARZREL, S
XTSI 7o THH L0 % T TR 228 Sl R
L7ze K7 OBmEKIZRT L 912, GI0 XB X G20 X T,
FNFN, FBE10~ 20cm B X 20 ~ 30cm B2 (RS
15) 2k L7z LERICH 2P A B BHCRDRL 7258 o [ B
WRALRWE D, B EHISAREA 28072, X7 THECBE
B ARMmIE, MR L2 L2 0T, 728 213 G10 X T,
INh5%GI0-1 & GI02D & HICKSLTWS, ok NG
REITBOARPOEE L - EHBREEIZ. W T146 ~
156Mg/m®, B8 T 1.69 ~ 1.80Mg/m’ Td o 72

X 81, L BEOR MBI TH 5, FHRFRIENER
03mm & 5mm TH 5, K9 (a)i2id, LAEETHE L E
BED KGR % 7R § W %E % van Genuchten 12 T
2O, NEAEKBREZEZHRETSE I D) DL HITH B,
WORBAEKARIIE, HREROBEEZ L 2 - ENEKABORS
B s, BB PYERE 151Mg/m® IS S THEE L
720 BEM OBKIIIFEETN & 2 5720, BIKEE 1 OIRRET
BAMERRBEENE L MO (b)) LY, BEEoOBEREDY
7aryP3em PS5 4cm BEICR L E, BEOBEBKRMEDIK X
KBy, WEH»S THOBENOZEBEHIBT 52 L1k 5,
L2LK9 (a) 2350005 £ 912, 2D & 9 RIREIC AR 5121,
W ORAFEHTIT 100% 1ET HLELIH D, HIEWE LD
7 ) WRBUKSEME TR, BEBAORMIZIZEA LRI 550,
D F ) BERRBED TG0 KEEICHEREST S L HIfFCTE %,

EBXEZEE L0b, 7HILHIZI XS (B4 5
AREN) #ETIRLT2TA4 VIZiF-> T5enffE T 3 ko4
L., 7H28 HICRIBI&, 8 H 14 HICIUH#EA T\, &L, ¥
fEER L O ELE Lz, DS M5 & F CoMMIEH
HOFHR#E D 100% # ¥ 3 7 o THOKEM L., B5l X2 5
IUHE & CIIEIRAERE S L RIS D 50% %5 2 720 Z O,
X 7 2R T XA OME T, 3 AZIKSG R Profile Probe PRI
(Delta Devices #:#) 12X D, & 40cm O # T OKEE
KEOREZF— L7

X 10 12, A2 S 1EE & OHBENOKG 5 DE
ILZRT WOADSKTIZ. HEHAPHBORNEZAF
TRMLTWBEDIZH L, G10 KB L OFG20 KTl Wi d,
T OREREREFRBEIC & V1S & BEOBE R O 2 TR L 72 BE iR
RO - R ST, GI0 XK TiE, G20 IXIcH~, M5l &
5 OHIKHEM O W B CHERA L O KRS EOWDDF L <
o Twhd, TN, BEOMEIE L EROEEY 727
WEEZLND,

B11iE, WHELZI XF (SK4 A, GI0 X 43 A&, G20
X 51 A) oA, #FifEs L %Y EDPIYME & EEEEL
FTLOLDTHD, MhoHF ab B LU cld Scheffe 3: (
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Feasible Study of Rainwater Harvesting Using Capillary Barrier of Soil

Toshihiro MORIT"™, Ryuta KADOGUCHI? Genta KOMATSU® and Satoshi MATSUMOTO*
(Received January 20, 2011)

Summary

Capillary barrier is the simple soil layer system which is composed of the fine soil (sand) layer underlain by the coarse
soil (gravel) layer. The capillary barrier soil was constructed in the natural sand slope, and the volumetric moisture contents
in the soil were successfully measured together with precipitations for about four months. Soil moisture changes in the
gravel layer were well compared those in the sand layer to confirm a practically excellent divergence of infiltration water
along the tilted interface between the sand and gravel layers. The percolation or breakthrough of the water flow along the
interface into the gravel layer was also observed. The divergence length of the capillary barrier where the percolation or
breakthrough into the gravel layer occurs was estimated using the soil properties determined by the laboratory tests and
the structural configuration of the capillary barrier soil. A fairly good correspondence of the divergence length between the
observation and the estimation demonstrated a practical effectiveness of the equation proposed by Steenhuis, Parlange and
Kung (1991). It may be concluded in the study that the capillary barrier soil system is possibly adaptable to the effective
measures for slope protection of natural soil or embankment. There is only a few studies related to this alternative measures
for the slope protection. Rahardjo, Krisdani and Leong (2007) have proposed to use the capillary barrier as a soil cover for
slope stabilization in tropical region, in which rather steep inclination of soil layers and high rainfall intensities are pointed
out to be discussed. A multi-layered soil system of sand and gravel may be recommended to divert the infiltrated water
along the interfaces completely and safely. A plant cover over the soil surface will decrease an amount of rain infiltration,
and prevent soil surface deterioration of the capillary barrier soil due to raindrop erosion.

A simple soil layer system which is composed of a fine soil layer underlain by a coarse soil layer has a characteristic
property of capillary barrier. Water infiltrated into soil is stored just above an interface between the fine and coarse soil
layers due to a physical difference in water retention characteristics of the fine and coarse soils. As their roots can easily
utilize the water stored in the upper soil layer, plants grow effectively even under water saving irrigation. In the study,
an effect of water stored in the upper soil layer by the capillary barrier of the soil layer system on the plant growth was
investigated in the sand soil field. Six experiment plots, each 70 cm wide and 90 cm long, were excavated into the depth of
40cm and veneer sheets were placed to retain soil wall, then the sand soil was filled back into the first two of six experiment
plots along all the depth. A gravel layer 10 cm in thickness was placed at depth of 10 ¢cm in other two experiment plots
and at depth of 20 ¢cm in the remaining two experiment plots. Potherb Mustard was seeded and thinned after about three
weeks in all the experiment plots. Soil water changes in the experiment plot were measured after the plant seeding. At
about 35days after the plant seeding, Potherb Mustard was harvested to measure plant height as well as dry mass of plant.
It is found that the infiltration water was effectively stored in the upper soil layer by the capillary barrier of the soil layer
system, and the water stored in the upper soil layer affects significantly the plant growth. Further studies are required to
examine the effect of the capillary barrier of soil on the plant nutrition and to investigate the barrier property against salt
concentration caused by capillary rise of groundwater.

Bull. Facul. Agric. Niigata Univ., 63(2):99-107, 2011
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