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STUDY ON MECHANISM OF INFILTRATION WITH PONDING

By Yasuo ISHIHARA and Eiicki SHIMOJIMA

Synopsis

In this paper the mechanism of confined infiltration with ponding, especially the movement of
water and pore-air in the quasi-saturated zone which developes in the neighbourhood of sand surface
is discussed. In the experiments of ponding infiltration which are carried out by using dry sand
column in the cylinder with bottom plate, we have observed that pore-air escapes from sand surface
intermittently. Although, strictly speaking, the infiltration phenomena are discontinuous, in this
analysis such phenomena are considered macroscopically as continuous.

First, by assuming that the movement of water and pore-air in a quasi-saturated zone obeys
the equation of Darcy’s type, the transformed kinetic equation of water and the state equation of
pore-air which describes the relation Letween pore-air pressure at lower end of a quasi-saturated
zone and the depth of the zone are derived. These equation contain two parameters changing with
time, which are found out using the results of the experiments already reported.

Secondarily, these equations, for a quasi-saturated zone, the equations of movement and con-
tinuity of both fluids and the state equation of pore-air, for an unsaturated zone, are simultaneously
solved the quasi-analytical method already reported. The comparison of the calculated resuits with
the observed ones shows a good agreement. It is concluded that the equations applied in this
analysis are valid to describe the infiltration phenomena in a quasi-saturated zone and, accordingly,
such an infiltration mechanism has been made clear.

1. & C o 1

WARDHRE S SICHi~ & RB LT BRICE T 2 i h O ZEROZELYRIC T 51o0ic, AX
TRESZH B QRO E—E2ED, €D EEICHIC—ED#KELRD TERETD LD
BRI NHERE, BRAGETTORKRBEERRICT 5,

3T, COLIUFRMHTTORBEHOICER KL L, MRERARESEZE L THEEICARICHK
HEINZ0T, —EORBEBREBFERTHREMD CLitis, T/, REPECIKONT, BEADK
DY FRBEE TICRET 2IFBICKPREORESTELE (ZhERPBRIRETFAL) LZOTHOE
BRIARICET 5 HBHIK SR D/NSZHER (CNSERERBETFAT) LTHRE NS C LML
B8, CORUBARENBEROREERICHEFICEELRINLET S LBbL>THEDT, FiEA
TORKERIMAEI KRB CERT S LTHOTEEELE S,

AR RFOETBANOREK & EXOEHRELUEICT 5 C Lick b, HEMELEND BERRORE
HERAL I ELISDTH - T, WA IIBHY ORMETONIREBDTH S,

2. BURFEC B KkE KCEIOEBRE

2.1 EEHREBORE
RESRURDZE & & ik U USRI ORI, SR ORARIEICE 0 & 3B E - THEET 3



164 SRR IBRFTER FBEB -2 (AST. 4)

T EIRTEL, PR - TARICBEET 2 6D TH b, £/, 2BICE>THEELEVEATS, ¥
By (EREY) 10h5 LEKMIEE LSO EBIIRRIRE S & bicsE LT, Bl A% & O
BOEIREHLTVEHDEELONS,

UL, ZO&SBEQOFEERRIC b ED O TRUMRRI 3FECEBAOHEEL, TRBEEEN
CHBEBBRKITHNEBHLTOEDT, B TR DOEIRDOKDEEDFEENNC AT Darey RIS
FERIRES &EX, ®kREFZ I,

f:,;:k.{l—ﬂfﬂ} ............ M

Xy
7k, FRIZECSTEBAOKMRE (BKK) P—ELEA TS, LTI, MEBEERE (v) EREEZE
HEUTHEERBICEBZ EICT B E, f; BERE, 05 AOREYH £ BREMICHIET 3 0, x;
SRR TR OIER (RIBOEX), put, poo; x=x1, x=0 TOKDIEIKTH, ERXPD pu1 % =21 T
DRBEOELE par ZHOTRAD K I CHHET 5,
Pur=pw1—par+par =1+ pay
ZZIC, d=puwi—7pa
ERER Q) IRAT B &, A=0) BRAEL D,

f=77=1€'.{1—'/”;1’3‘:ﬂ} ............ @

e (2)

—F, FROELKDEERRIIIE L E S D TH B0, FHIICH B LELKDOBBIZRERLEH I
HBRTTHb. LT, ZLEOBHER (O LHSKEVTERMICELSZLiICL, ZOEBZAM
HITIRAD Darcy RIRISRBUCHS D LIRET B,

Cem B M ®)

Xt
T TIT, ba; ROERTE, Ko BLURBITHINT 3 6D, pao; x=0 TOELE,
PIEOR (@), R G) BELMRRTORBRELE, ChoEUTOXIKERTE LTS,
b &b ERRNTESELE 70) TERESH ST E1cd 5,

Da=—2(t) o5, 20 e ®)
ERD 8e, 0 itz ERK 6) BLUR () ZRAL, par ILDOTHEET B LRK LKL 2,

pa=(1—a,) s xi—(1—a,) « $1-+puot ar * (Pao—puo) B (0]
HBiE

ﬁal=(1—f!r)°x1‘c/1n+?wu~ﬁr ............ ®
ZZig, a,:;?af:'k ............ [©)

By=ay » (—it+pw—pac) e (10)
R @) OHID par ~R (8) ZHATSEL, 9 13DFDL S 105,

Z7=a, ./?.{1+ &é?’ }

PFTRR @), R 6G) oL LTR 4D, X @) 2ELARBRTOERKLET 5,
2.2 ar, Br, o DE{LISH

B TRUE DI, USERE LA 5 2AEEMEKIIT, ZOLECEEREKELTS YY) v 22—
EDEICBELTIT - 1ERICE D DED EWbiroTc, TROL, 45 AEROELKDRLBER,
FFEDLETREOHRBHEEY, TNBHIREICE - & FRAEIAPER LT L0 -7

— 9 —



AR - TR AERKRBEOMMI B 2% 165

BT Tholco TREKBREINIERE doy REKENTRERT 2 FOERE di & LItk %, dy/d
210 ZETHE, OB B LU MEFRORTELERZNETN & OBOEHEE LAE
WCE EDWRIKE (hr) ZMAT DB XD by KIFIZHE L -7, COERCBVTRBEREKERICS S
NDBLBTRIRICHET 2 bORBEH SNB -8, #5 ABILZERIDBERTOHESEOWHSR
FDLS5THB, THHLHEDHATOKEDOHROMES LU £ NOREER EDHHIT, BEOHE
TRENENRENROZERSREBERIC AL L B L BB R L O EESHH I NG 2 Licshsd
BLEICED, K- THEDHADEREEMEITE, £7, 2o RXRTIHZEALNZT LTS,

/’aozﬁrw ............ (12)
T, hw; ke ETAT, puo RIZIZRAEL B EEZ SND,
Pw=he (13)

£ Ty par OS2 BTN SBFA/ICORITEEEZTALE, R (D TO (1—a,) « 1 FRE
ORRICH DT &L D,
A—ap)ehr—>ge e (14)

TCIT, dhe; air entry value ICXET 525, 4. OFEITIRRIGRRE TERARASAEEICIT D 15 5 BBOBE
£F V¥ x v water entry value & 21 T air-exit value {TIZIFH L 123, 108, BEL#TF>E LEORE
RINCH B REBBVEA IR BEOMTIRORERE) 18 SR LR THESRILEOSSTH S,

&T, R A2), R 13) OPEFEZEFTSE, KX AD, R (8) BLUR (10) BZhEA>8DLS
s s,

f= ay.[é.(l__i‘l‘_) ............ (15)
pa—hp=1—ay) s (=) (16)
Br=—aps an

LTAT, LRHBEBOVHBREICH 5 BEEE, DRBIEBTOERE (pa) BLUKIOBE I he
NIRAICIZIIRED TEMFD LN TV B (R Fig. 2, Fig. 3 28K),

:%/\/7 ............ (18)
par=crelttest+he e 19
28, H=p® N 20)

T T, t; REBIERARIEL U, S, o, o RBUEN, S, BEMMZHGRE LiTic k2 &,
Par 13 paL ERFERTOEOL I BENFIRITT B EDDD > T VBY,

pa—hw=crelt+e’ (21)
ZZIT, s T 22T, K (15) &KX (18) BLUR (16) &R Q1) 2%EJ 3,

Wk =S @2)

X1

(I—a,)(xi—)=crednt+cd (23)
BRED (wi—h) ZHEL, ar TOOTHEHETE LRAES 5,

a’:,S;ZSQ{/{:SLfL_F]?. (rl.znt+fz')} e (24)
ZZIL, pr=p01); TORZER (22) IKRALT h KO &R 2 ERAENU B,

Pr=p1+V¢ ,,{ 5-2‘/71 4 Ko (crent 4 02’)}/1? ............ (25)

%o, R AN L7 B3R 20, K (25) KhkR&E#u5,

— 3 —



16 SRBIRTRFER H55B-2 (ST 4)

100 =
/ ”
A /
g0 AR
e} o> —
v 60 5 /] “"I/
o @ Py
< |— &7
©
Jt 1 /
p 40
a [/
o /7 7/
w 20 '/ #
1' /
LA 14
0 e = |
.04 .06 .08 .1 2 .3 .4 .8

diameter of particle (d)

Fig. 1. Particle-size distribution in two types of sand.

.S‘go,

Br="5 /K~ g01~/1/{**+K (crelnt+cd )} ............ (26)

ZTT, @ Br BEU ¢ OEALOBRTEERIIZR O TEMCANTS S, TTICIBT 2 ERAII,
Fig. 1 1R LSRN % & DKEIRIED K-7 Bd 5 02 K-6 BEEEFEH LAMCER L TEEL)
HAEIE 169em OB—RAMED, FORMICIEIZ 1om ORPKE (bo) DD EBELICLTH -7 HDT
5%, HEMEBOVMREEESRETSE, K-TROEATORERE, WBERTOLIES LUKS
OBFHORTIR Fig. 2 IWR LA ES D TH - T, ENEH (a), (b), (¢) IKHIET 5, 74, (c) ZRBEHELD
X (x) 11.5em, 19cm iC$H ZKHMEATOWEME a7 LEEBEOEFERLTNS, E72, Ri(a)
hORBIIESEBES. —F, K-6 ROBADEKLEERERL Fig. 3 (a), (b), (¢) THD, (b), (¢) iFF]
Ricsind 288, 7272 (a) 13§1 (@) RO BERRBETRLTH S, 5O VRTEELAEX(18), R
(19), 3% (20) OEEFEAIZIZRIIT S C Etbhr s hs, K-THOBADEREHIL S=0. 42cm/sec™s, ¢y =4.7
cmAgq, cz=—9.7cmAq £750, F/0 K-6 RDBEAIL 5=0.62cm/sec™?, c1=3,7emAgq, c2=—6.0cmAq &
15, L, ¢f & o1 OWEARTHET S CEMNTERD-RDT, CETREVDAT o’=c2 & B&, F/C
PLIZ DN TIRIERRIIC K-7 i, K-6 BOKBAICH LENZHN 0.2, 0.4cm/sec™ DIEEZEZ T LT B,

X7, Fig. 4 (a), (b) 12 K-7 Bpos (Fig. 2 ioxip) K LT EZoEEAVLTzhehk 24,
® (26) BLUR (25), X CLAHBELLHERTH S, /- Fig. 5 (a), (b) i3 K-6 PDiF4 (Fig. 3 i
HIE)TH - T, FNENFIRCHIET 50 BB, COTRE F—EEEEL, BB 41 TOBEA,
INOOREY, ar RERBMEEEETARERLETEH, 2OBRBBICRLTICE, B il ar 3ER
W EALE LISV, BOFROENETECE, 351 —d RIBBHBERAMRSENET S0, £0
BB &, bbb, LNLOELOBRFIMOERATOREMCAD SN, LTAT,
BEDELICONTHERE, HEHO EIEOELHASB XU wetting front O BHHEJZI—EOME
L1 T & STV B (i Fig. 7, Fig. 8, Fig. 9, Fig. 10, Fig. 11 B8), COHEEEZELT
ar DERR () REHERBE, o BEHFERELOICHEME ac KA EBFRTEE, T2 ar O
OB LUK 1) 2EETS L. B bREBIC—EME B ITEI<RTTH S,

Uy Qe e @7

Br——Bc e (28)
2%, Fig. 4 (a), Fig. 5 (a) T ar, B 2300720 ORSHAEEHE LI BICE DT OB ERD 5 DR por DE
(% por, DELTREI R CERHERID B, FORBICOVTRAETEED>KOTRHETH S,
x5z, R 14 TR Q) OBFREZETS &, b IEEHE L DICOFDMEICIEE L EhbR5,

Yi—re/(L—ac) e 29



AR TR AELKESOBBICET IHIR

167

)
. k  sana k-7 i
’
H - h, =1cm il
<2 v 4
§° L = 169 cm 4
L e
~ 7
o — /,
4 7
o
v [ e
- b
5 I /
©.o1s| ,./
A §z
a4 L °
@ /9
5 L
o *e
01
o’
foe ~. ’/
o S S ot 19 S TSN Y O S O T I T
.02 .04 .06 .08 1
£05  (sec™®%)
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