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520 DHEEREER A EET A e BT, WK o BmEk
DUBEREET S 2BRTHD EELHZ LATEE
THs EBbhb, BRUCE bE@IAZOBImMzoh
THKSIEBRENET T3RRL LT, @WROKTE
;xdo DIEATIIAS OB L DI TBE VS 2 &
HIEHL TGS, —HiiELE, KEe -2 +0EHE
FERIC F\ T, IRIERIRR O ATE R XK o MR R
K&, zhnikltEe — AL TR L »OK
OFNCBE T B Y ORM, Tk bR X
S TEHTHRELT 2 ENFERTH D E LT 5,
KRR L KD PMEVEER LT3 & & %R
LT a2, Lo TEEL OBV IEE, FEM
+HEE ke -2+ Th D, EEERAEOFEN

K
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Fig. 13. #IHIEKE B 5BE5D
K IR ()

WHAK S DB X ARSI OEOREE TS
EEL RS,

L. REsFEK A

1H1-1 HRHBRUERFE

REHIA 7 A - X, B, KUEHEOxT vETh
BHo FOFKICBEIRT 2R A RT & Table20 X 5
it Be BENOIPEKEE, 7414 PTCLTH
5 A — R & F—REROMRE D LRI Y TS
YO FREHS LT, TRt R RESTH 2 m
b B RYE L A K BEV L, 0105 mm Bl LO®yaER
RLdDTHbD, KEDHE B/C BT, K&
MRV b0 ER—DRBTH T, EIKOL
9 b ) v AFROSHBTEIN TS e TRERIG
R L, 0074mm 7 A BN 88.2% Lt o T4
BB E B, L LB tamg o AV T pH 3.6 THk
SR Ts, WERL e — 4 LB M, b1 B
TR TH B A, FELENBISE KL 897,
PIBEIREREE 062 g/em3 THH O L, HELE T
FhFER30%, 142 g/emd & Thd 25U EDDL &
b, HE, HHEEGRAE BB LT ET A
0, FRED 7 v A BB w5 Lo

FETFIE KRS0 RICHARDS?) ONERIAE K B %
A, B E— AR KR O BRI IR % v T
HiE L, HEOMME Fig 14 KR LI, Z2Tw)
HOKAREIE p 213, REEL AL Tpem K
X 2T R RS N o D EEERT B,

FEAKIER e BHER, BKREAHY 1.5X10¢
em/sec, 2GR AMEH 200~250 cmH0 TH D, FkH
BARES L dDHR~ 5 2% » FHEE 6 mm, kI
30mm DL DOFEEL CTH o, E—F A%y THOD
PR 24cm & L, SVRHIEIEARENER, B
F—ASENERE PR 116cm, HX40cmD{ D
wER LT,

BB ADOREOFET Vi3 7 AE— X, BT
BOREECBEEN Y — e b X AT v LI, BHOD
FHRHLIBE L% 2 cm DOFTE O EREECLD IO
WES v v FTET v LI,

SEENBRRARE OB O KSR Table 2 1277430k
59435 AE— X, LRKEE XUFELH No. 1, No. 2,
No. 3 i L oK fRIch o, EFIMY, HY
BREK DR EE T 25 MOTIETHH, 2F
SERFRNCIT . B D OB OV T REROR R L T
FEEHFIS ST,
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Table 2. FEKREBRERLOFBNKCEKT 5 HEM
| R e .
= *4, ;% i =) =3 E@ﬁ.7kttﬁiﬁﬁﬁfaﬁ’f*$ﬁaﬁﬁ7kﬁﬁ *—‘L 1% + M H E
| (%) | (g/em®| (%) | (cm/sec) (mm)
ﬁ?zE~f!ﬁ{ | A ﬁ[ 157 %z[ 12X10-2 | 0.125~0149 | S 2.47
il k| ~ | 161 | 353 | 97x10-2 | 0.207~0.40 S 2.48
It 4 | B % 131 | 518 | 1.4x10-2 | 0.105~0.84 s 273
w BE)EB | 128 | 534 | 85x10-3 | 0.125~0.149 | S 2.75
BN ” 1.33 51.1 15%10-2 | 0.297~0.40 S 2.71
[
| No.1 631 | 062 | 779 | 32x10-3
| No. 2 6. ) ; . -3
% = BIC | o 666 | 072 | 743 | 20x10
! No.3 706 | 082 | 708 | 55x10-4 | 084 LI F| SCL | 280
(K N 69.7 | 062 | 779 | 13x10-3
| No.s 189 | 082 | 708 | 38x10-4 |
I ' ; '
| No. 1 243 | 110 | 603 | 65x10-¢
# ® b1 ° , }uu ooF|o
No. 2 243 | 120 | 567 | 18x10~4 SiL 2.76
(k Wt £) No. 3 19.3 ; 120 | 566 | 1.7x10-3 | 20 K F
av Lyt —
l] E B A —
+ -
D)
[ ] 7+
v
EoH o= N
7k fo
K=SAHy 7 1 x
= B
/
_ A
|
. EREEERs B HE ?
a
|
L E 1
v ,k;“‘; t
S i I
|
L
V2
=L ~

Fig. 14. B3E—FBKRBK LORFIE—KG BRBROLE

AR, WARDIE UL I ik ERT
BERFT -t A1 OB IR O E A Z 1T
5T 10~4 cm/fsec DA — £ =LA TFRBIEOMNR L L,
TUR{EL 10~"cm/sec DA — X —E TL Lz,

REZ LK ORECHRmENCEEL 525 L, ¥
T VEORKENET A ek b, 2BAS O
&, B VE CHIEMEAARER b L T5708, BB
13T NTC20°C DERER TV, ThHRIBHEY
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E B35

Bk L,
112 KBERELIUER

I-2-1 HS53AE—X, BHELUEF VL0

RERFJKEE

— e ORETREARREL, W IEORME &b
ABMETL, fclxif, FERXE LT k=apmB),
k= Sy ® O X 5D LD, BT
Bl ~WEEORMIC & b7 5 FREDOETHHE L
W EBbh o TWB, I TR KT S
HIAE—-R, W XOFRT vEoOBH KM 2 FH KM
g BEIE ENBERROBREROBGE L R T) X
hEb L, ThZhoKyHtkiig & S woo%5%
Mzt

T RROMB LB O 2D F T AL — A, B
T B Fig 150 Lo s, BREKGEHTH
BHFAE— X6 L0 TREROL D L HREW,
ZOR DB 5 L 5 RGIEQHAK L Y EIFIEK
FRE IR OB R R E Il & b, FRCRA
BRI — TR RBE ORI 555 No. 1, No. 2, No. 3
Ak X U No. 1, No. 2 3kl & s+ % & Fig. 16,
170 X5k, EREEONIVERBHE EBKEROET
TRAMTH D, BRENEDOHKIC X DB E S B

s E
% - o MHA T AL~ X
zﬁ B WE b gy = - .
cm/seclk o MBRASAE—X
B @ #)||#85
1% 107 o BF|IHER
- N
1X 107
: Q
B @
L
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- o
1x 1077 | |

0 50 700 1%0
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%
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DFKEPRIF LT, RRITEK R SRR OF #57 vtid FR S FRAMERSI /M LT B E
FOREPICEVIEREIHEOBREYR LT 5, Lo, RIFIEKEEIIE Y oR, BryReE
e OBS A KSR (Fig. 18, 19, 20) &4 5 = HERD DR ORE S L CEREEEO/NI VRS
E— X% LU O - 2 &R (Fig. 21) X hELET EHRKBIIRIFTH DY, FEAEKREC ST E
BE, RRODHIAC X, IR X OEBREEDNE O X 5 EKEIGHIET B &V B, PR fTfn

%
El
& o WA TR~ X
cmH0
1501~ O HENH S AL -
® 8@ )I145
o @ /I1AE
ool & od K B
50
0
10 70 30 70 50
HHBAE %
Fig. 18. HEORND# 7 A — X, oKy EHERR
0% i
5| ®
= @ No. 1 =

HHEEKE % REEKE D

Fig. 19. ZREEORLLFET v 40D Fig. 20. EBREEORNKDFET VL0
KA GFE) KRG bR (k)
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i 15L
A o WIS AL ~ X
= o AN A AE—X
%
o #37)I1495
or o W85
°odt k
5._
e
L)
0 hd "ol L |
” 50 100 150
1B3IE cm H:0

Fig. 21. M7 *H5MR (77 A~ X, B)

EVPBKECIERC K EFE P 525805 T LR
LT,

HTAE =R, BOFKEME R ZE % T - A8
TS [E OB o T R IER R
HORH L, T v TiEHEE No. 33EHCIL» X D]
PRTV5 XD, ¥ SFEMEYBGCRY LTw5,
ZOEL, KOEET A Y M ORBAK T v+
THHFAE AP LI IRECT EELLRS,

wic, RERRER I DBEO M ETL -1 2, 3OLEEA R
iRt %,

a) dL R & BH—RIROM O Lk

KPRl W, ERB RS —RRoM A~
MY ROMOWEMIEA B A, BT 5RADM ¥ +13
FORDRLPBICER I D o, ERBAMT
RO LIZIER UTH D, L OHORE I
Wi &R ORI B Ui (Fig. 18), # B AKiE
MR L HEOFHMEL, ARz PERNThH - o
(Fig. 15),

b) H—RIROHF T AL — X LpOHE

HIRIUEL OB KR 2 2.5 DA A T A ¥ —

XX oA hE <5 (Fig.15), & ki) Tilpif
BB —E Tl o, RTFRECHRAHE 7 +0% 5 7
DI MA T A — X~ EL ey, My FERRK
ELZ L b b, Bl FROMSERE M8
THLDTHS (Fig.21), M0k, MHBRRBL L7 7 A

¢ A TS EO RN X 0K L5 e b K
SEPFAE LI, B CRIRGIFE 200 cmH0 £ Tz
D L5 I ERETE Lish ofc, S HIZIRTRECAE
B v LT OMBERS B ERCRET D LA
Y, ZOWHCEENBKDIIKOEERTH T
BHEEXLRD, LHLIAL IO L) I i
ThBKOBENIIEFCE L, BRFHE 10-8 cm/sec
DA —F—LPUTFThb, +OfcdBEmKEME (Fig. 15)
B TK S EE AR (Fig 18) 3EF I A € - A&
WOERIIR,

c) KO BT BN T A v — XD0RAAKGE

O %O

# G AE - A TRBIEZHR LT HBAKALL TR
T o FraK A B vt MBI C 2.66 vol. %, BT T 2.60 vol. %
Th b, KEFHER RSB TOWRRKDOT I
DTWASEEEZELONS, TOZ ERBIETLIDIT
MR O H o A€ —ARBE L, 274 (k) o SH
50 cm, HITFKEZA 25 240D LS 80cmiz & b, 0.1
HEOHEALF 1 Vv AR A AV CHRRBERET -1
FOREBWRAKE LTBE LB ARAOKS R 25~
30vol. % &7g b, REINEREC X BIARK TR D
KOGBEIZEE LVER R L1,

PI—RAR OB AT T v Uich L EOR T8 b oW T
BT A S ORIRELT v C12, BHKT v T6
Thb, I THWIEHFTAL XTIy 08
B 8~I0 DRI H B EHE2BND, T THEARE
9L L, HfR0.135 mm O¥—REREFE L CHR oy S
A= R DGWTHEKREY v 7 KT 5 E % 17
Vv, ERORECEE STV ARGEREE T, Y
v IR DBREITERRA X VRD I,

1 \2 $ 1 11 rr 7y \2
V=2 { 2 2} nro_ . >_ - {_ri RS S T \/.2_< rry >}]
n:[ (ritrafitri r+r r ritr 2t 2 sin ntr o n + 2 rin & r+r

ZZTVIZ1I20Y v /KOG, rRTOYR, n,
123 v I7KOMBRLETT S5 20K»LRDH I
5, STHOKR, BEXSDOKIRY vIKEHEZDL
R, BOIWOS5: s vOEICRTIFGCAET2
v 5%%&7&0?&0
d) BREROBLDHET v Lo EHE KD
g

Fig.22, 2311, 7 VEEX 12 g/cmd ThHBHREK
BHENFhFh2mm B L0 084mm ThHBHEEE2R
B ORI & K BEIR AR Lcb D ThH D,
Fig. 23 7 LR ARER 2 mm, b O] 7+ EERS
FiRC g AT Bz Ehbh D, FOBRE(FEDRE
Iz & b 7 5 Bk D ET A & AKR 0.84 mm Ao
LD X hE LW (Fig. 22),
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Fig. 23. ABOERKNENRLLHAED
KRG e R (R ER)

e) FAROWHK S B EA IR B LTS
Fig.16 & Fig. 31 %% % &, @84 & R 0FEKF
ORI EIRERE 0.82 g/em3 DIFFEFRHCH T
%, @it (Fig. 16, No.3) AR C<HH, B
¥4 (Fig. 31) (1B 8TRIR0E TH 5 7o B 7 BT
WS e S, KA R (Fig. 19, No. 3 & Fig.30) i©
TR FE 100 cmHR0 Ll L% g L TR % &,
B+ OFRRBIFEDRKE & b fe 5 KB BIEE
+EhREL, RELIEERC XD Z OO 7 &
PNREL X M LcC £, SO X EREK
LBy FREOERE, FELBEOEE, W 300 cm
H,O % CBlbh b EAHIHE OB X DS 2 i
ERTBD, UEDZ EhbBHKEEBRTCI - THR
AR OFPEBIEL X D EKENRBIFTHS Z LA Fig.
16 & Fig. 31 Dtz X hREND, HOKFEEMOL
AT, WEKEOETRASEHAR RS EDC
BRI, EFEK B OWCH FRED & &
EXxBHEVIFEREL 1,

111-2-2 k5t oHEEks

WM THIAe—X, BeET vLORERFEKEM
TN, CnbORBORERERSE LT
WO EMBTHNB, WTER Y *FHE 4« ORT DR
TR ENBDHRTHD O L, - il x ohThR
O 7 F 12T Cle d, BTER LCE URNF SRR
O H KB &R ERBEND T ETH B, Fi
FELWCEEROMEEY T » 7 = Il 4 DRT
DN b MR 7 FET B L Ebh T\ 528),
F LTS, WIRAREBCER Eh B/ 7%
FELUENBEBLILRBIETHD, TREITFEK
FRHEAME T LB LT R ER E LTERDOK
SERBHELTVAZ L, %X ORKAREN 2mm & 0.84
mm DA B o i s TRI—/ 7 F R b b
LY, BHRPE2mmBROBKEORTAE LV &
ORI NhG, T vLoBE, EREOBREO/” S
FRPFEKCEEET % ik EBANCIRBLE S e biT,
TR OWNOAEL LWL RS EHE LD,
BHRM »Fiztok 7T SREBC X vrE S h, KM
WY FIERAETR T 5 LT ok E X, K&, BF
Wk LORBEHRT 5 HHE (B Al Fe /s SOk
FWE) Te E XL bREINBIDTH B, WEHOM
réuyefyFErSoME T 5% L LT SHARMA
58, 2oL Bom KR O E F— LT
SIE—KSBRBREIT, 2AROKRGEHIRY RS
ﬁ%%&méﬁf*ﬁBﬁ@E%V%%%%Ltoé%

5
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7K
I
% SLIREE g/crm
80 © 0.62
e 072
261 0 082
70
| | 1 I 1
700 700 300 700 500
EEIE cm H,0
Fig. 24. WREEISELLFE IRHOBBIE & FKLOMR

TR IRNE K 5B A 5 R 5 [ FE 200 mH,O # i HHH
FERIKDBEBCA X e EE L2 B0, RIS
FAITEEEY 2 o LTV B, FE S IIFELIR
DR 0.62, 072, 0.82 g/emd WAL & &, WRE
FEDE T X BT FE— 5K il D 2R R FR R
vl T AT R B T,

FPREL LT, BT vEEORLHFEE 3BT,
KEOKEXOHMIFA—TH Y, T vEEDOHRHSE
fehkth, 0F hEERKT v AR L
WeTh, BT VERAKE G E EIHEOREE, R
BRI BH, Tk T72kg/emE DR T VESITH
BOTC, MAOHEINOAI R BIDETDH, D3
S O R A B E— Bk e Rb LY,
FIRIR & % K 2K S A B T 3 IR o Bk
L bEELBND, EROMKREW Fig 247087
X 5 3B OEKLOEIFSIFE 200 cmH,0 T1%,
300 cmH,0 ©02% &ich @ T, T I TikKEIHE 200
emHz0 TR 7~ F KBk Shick &g, D
BrRRRSRE &7 K SR S e B RS C oo BT TR ORI R A
[t B KA, BRI E-OEA KL CRIRPARE 7+ K)
L LB o T T &, —BRBOF T 22K 0
(AR EKRR) BKRTELLNRD,

#=0p+Tawe (12)
Zow Oy BHEREErFe R TR ETHY, Ta
BET v hOBIBRERE, (o R g h s BEKS
BThb, Fig.24 X 1 0.=70% Lisnn, Thi@E
GIKE Tawe TFI>T & Table3 D L 51cich, LOFE

Table 3. EHHEBEEOEVGEEHFKFE

%R % B B & K & =B
(g/cm3) (vol. %)
0.62 43.4
0.72 50.4
0.82 57.4

Table 4. WEHFEO# L L RHBEM» K

R EE B K o B | RIFIRAR o K
(g/cm?) {vol. %) (vol. %)
0.62 779 35.4
0.72 743 23.9
0.82 70.8 134

7 VEEMA 0L g/cmd N TS &, KWEOREAKSER
T% WNT %, KOEHEER B SRS E 0 ORsD 0
VEFIRIKAY B 0s & 2/ LIB DG

s = Up,+Tawe (13)

ET BT LA MES, (13)Rok AV Chr B RE 1~ % K
Op, KRB & Tabled DI 5 eD, Lich - THMH
R 0.1 glem3 BN % &, HRARIR] » %Kik 105~
106% B+ 5, = ORERIE 7K 0p, v3, KFEE
FREICE L, Fig 25 33F%E 33 ok IR~ =+
A Fig. 19 & 12)%x AW TR0 THB, K
2B RERE R AR & CERFIERE R ERE FEM R
FTaz Edbinh, Wl CR~cRIEORAT X b
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Fig. 26. HRFEH KRG BOBK FHE)

A FIRIE K R R K R L s T £\ 5 2 & D
2R —Bir o & b T 5,

Fig. 2613 Fig.16 & Fig. 19 % € LE¥E 3R
DFEKFH E K BOBEFRERD LD TH D, KHIO
U~ 5w, BERRE S K EK S
BOT, BRBROMEIIEFCNES ooy, 2%
DRI 7 K AR & A EHEK S R B T OE K R
ARy BERC BT 5K BEOZEIEEKIBEOECE
LW T Ch D, Fig 26 %25 ERGBDOEL 6~8%
Ll b, BHKSBEDETY LIZFELVI XD
FEREHOE L2 EGER S,

LDz H i E—RA R LT - B No. 1, No.
2t LCh MRS », HREE 12g/cm® TRT
v LB RRIROR 5 2888 o 3k LT Fig. 20 65
ok owBAESKERRES K, CORRIE
FKRRORL B FA—RB Bk & X238y, B
HBOBEBEKTEAA—LZBZLONRILDTHD, ¥
TR OBEEY Ebled k) AEERER TET v LK
Al LTh BELoBZ 2 Ak LS
PTHB,

Pkoz s, Sk X OTREMREBC KT 5Kk
EERERE Y 2 ®m LT bh, BAKSETE
do LI RN OKINIHEE EARFKG & AT LTRW
Z Ebrd, M0 k5 IR 300 cmHR0 Ll R E
BINKD ThH D EBSTV 5D, 2 THRGIHE 200~
300 cmH,0 BAE X RIFNA S & fn o te, SHERREELL
T EDTE L OFKFABRE T ebind BB
HaEicwns, 22 TRo7 X 5 B RE O /DS Wi
h, 2% hBEEoBE PO LCQIIRAK DR
DIRA E LT, BI[FE 200~300 cmH,O 38 L LTH
VO TR LTI R D, L LA HIBHASR
DEHIE, FEHEHET vy VEARSK VBRI
B LV BE,IDRDB L, BT 200~300 cmH0 i
BB B ASBENLR LTINS, DT, RFEH
Bk T ERGRIRC YT 5, TcREE LS
B HEETIIRELE AR A U, KEKOIH R
Eha L, —TRERKOE CREEERD L 1Tb
RTWBESELRTWASN, 20X 5 KEBICBT 5K
SBECH LT, 22 TORBEIERAT AL ELHES
ORI TR EMBABINTVD LT 2%,

111-2-3 FKBHEICHITIERFULR

TR WEBIHE (%t pF) &L oKRS R0
fRcitin <, BAGRR EWAGERTRAED LV I L AT
VU ABERTT, T3 TR TCREKEEOE D
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AT ) VAREETHNE S R L.

Fig. 27, 28, 29 3Rz K 0.62 g/emd iF 7 v LIH
R - OBEE SRR O HAGEE 35 L OEE R
DFAERE & BB ORI, TR,
FHK B KD BOBFEYHE LD Th b, Fig. 27
3\ CTEAE SRR O KGR o i 3 i3 % 51 HE 120
emHz0 Ll ECRBEARROThE—FK TH Lp
5, L HIIh i BAZE S h 2B KRR & A
HLickE 25, Lh- T Fig 28 O KEMEIE D
%8 H 120 cmHO LA_E CiiA— o fiig & 7 5 EH 2R
3, Fig. 27, 28 % %% LRt & Bk AR ©
WA BT O BB O TSR T BAGER & Rix 5 2%, Fig. 29 C
ETRIOH S L OBAGERE, BAGER L 5 EESD
bbb, F—KGETIREKREOMEIT &
AEZELWC EDTRENRS, Lichi o THERRE—KS
BOBRICIIe AT Y VAR LR B, Fig
30, 31, 32 RNFBEE L AHIREE 082 g/emd LFET v
LB A & 2 750 OBAGERR, WoKGERE oK o4
g, FAEEIR S L OBKRR—KS B OBHRER
Lichb DTHDH, KOS, BKEEE Tt
LB AT Y vADRZLNE, —HEKER KD E
OB ZL D AT VU ANB LT ERED LRI,
CHITHESA RS & o leicd—BOERET LY
23 3BMLLLE &3 Bl b b, K, Lo
WY OISR HERFRC BT 52 122D 2 OB
7, BB AT ) VAR bhiEELLRS, L
Fod o CHEKRB L ARG BEOMICIIEE L A7 Y v 2

omH:0} o No. 1 OBKEI2

@ No. 4D ERACEIE

o No. 4 DUEAGEIE

1001

FEEKE %

Fig. 27. SEFMOHESABRL D HE S L ORIGRRE,
RAGATR O KGR (3R E)
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Fig. 28. Mo HmARL BHE K I CRAGER,
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Summary

There are three main factors that affect the flow
of water in soils. These are (1) properties of fluid
(2) properties of soil (3) soil-water interaction. In
this paper the authors studied on the mechanism
of unsaturated flow by using some of these factors,
mainly (1) and (2).

Part 1.

The authors treated the horizontal infiltration
and examined the effect of these factors on infilt-
ration by using Boltzmann transformation. The
experimental results are as follows;

(1) Effect of inlet pressure

The relation between advance of wetting front
() and sequare root of time (4¢) (Boltzmann trans-
formation) under positive and small negative inlet
pressure was linear. But according to increasing
of negative inlet pressure, this relation became
curve (Fig. 2). This fact was first pointed out by
NIELSEN et al. (1962), but they did not clarify the
reason of this. By transforming the equation of
infiltration (mainly developed in U.S.S.R.) and sub-
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stituting the inlet pressure (hg) and 2(A=z/y f) on
the equation, capillary head at the wetting front
(hz) is given by

b= AP hoy— 24P hgp
e = 22— A2

where 4, 45, is the value when the inlet pressure
equals to hq, hgy respectively. The result of ex-
periment showed that if negative inlet pressure
became to —hz, the relation between z and ¥ ¢
was no more linear and the theory of infiltration
was not valid at this point.
(2) Effect of soil bulk density

It is well known that the increasing of soil bulk
density decreases the advance of wetting front (Fig.
6). In this paper, we considered two factors of
hydraulic conductivity and capillary head at the
wetting front. The increasing of bulk density
makes a hydraulic conductivity of transmission
zone decrease and a value of capillary head at the
wetting front increase. These two factors act
reversely to the advance of wetting front. For
example, when bulk density increases from 0.9 to
1.3 g/cm3 for light clay loam, hydraulic conductivity
decreases to about 1/100 and capillary head increases
to about 10 times. From the above facts, it is made
clear that the decreasing of the advance of wetting
front mainly depends on the decreasing of hydraulic
conductivity of soil.
(8) Effect of inlet pressure, bulk density and initial

water content on diffusivity

The diffusivities were calculated from the experi-
mental results on infiltration according to the
method of BRUCE and KLUTE (1956). The diffusi-
vities for samples under high inlet pressure were
higher than those of zero and negative pressure
(Fig. 7, 8). This shows that Ay is as if capillary
potential increses for BRUCE and KLUTE method.
Increasing of bulk density makes diffusivity de-
crease as like as the advance of wetting front (Fig.
10, 11). If pore structure were not change on dry-
ing soil, the advance of wetting front decreases as
initial water content decreases. However, for vol-
canic ash soils used in this experiment, drying soil
makes the state of pore change. By this reason,
the advance of wetting front and diffusivity increase
with decreasing of initial water content (Fig. 12, 13).
Part 2.

Here, unsaturated percolation for glass beads,
sands and compacted soils were studied. The hy-

draulic conductivities were measured with the ap-
paratus designed by RICHARDS (1952) and moisture
characteristic curves were measured by using pres-
sure plate. Results obtained are as follows.
(1) Hydraulic conductivities of glass beads and
sands

In saturated state, samples consisted of large
particles had higher conductivities than those of
small particles. But increasing suction, hydraulic
conductivities of the former became lower than
that of the latter (Fig. 15). Because, at the same
suction, degree of saturation of the former is higher
than that of the latter (Fig. 18). By comparison
of glass beads and sands consisted of same particle
size, it is made clear that unsaturated hydraulic
conductivity of sands was higher than that of glass
beads at the same suction (Fig. 15). This fact de-
pends on the shape of particle of both samples.
(2) Hydraulic conductivities of compacted soils

In unsaturated state, hydraulic conductivities of
high density soils were higher than those of low
density soils (Fig. 16). The reason of this phe-
nomena is explained by the distribution of pores
in these soils as like as (1). When maximum par-
ticle size differs in both samples, which have same
bulk density, hydraulic conductivity of the sample
containing larger particles decreases rapidly than
another as suction increases (Fig. 22). This shows
that inter-aggrigate pores contribute much to the
flow of water.
(3) Comparison of hydraulic conductivities among

glass beads, sands and compacted soils

When hydraulic conductivities became lower (10~7
cm/sec), compacted soils retained much water than
glass beads and sands. This means that soils have
much unmoved water. It is important to clarify
how much water can move in soils. The authors
used three soils with same properties beside density
to solve this problem. If aggrigates are not de-
stroyed by compaction, it is thought that water
content (weight per cent) of these soils become
equal as suction increases. The experimental re-
sults showed that at suction 200~300 cmH;0, water
content of these soils coinside together (Fig. 24).
At this suction, water retained inter-aggrigate pores
is seem to be drained and hydraulic conductivities
are very low. From this fact macroscopic move-
ment of water in soils occures at the inter aggrigate

pores and unmoved water increases with increasing
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of bulk density (Fig. 26).
(4) Hysteresis

Moisture characteristic curve and relation be-
tween hydraulic conductivity and suction showed
hysteresis (Fig. 30, 31). But there was little hy-
steresis between hydraulic conductivity and water
content (Fig. 32).
Part 3.

Diffusivities were obtained from different two

methods, one was method of BRUCE and KLUTE
and another one was calculated from hydraulic
conductivity and specific water capacity. The re-
sults showed that the values obtained from two
methods at high water content were fairly agreed
(Fig. 33). This shows the validity of both methods.
There was little hysteresis between diffusivity and
water content like hydraulic conductivity.



