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Rainwater Infiltration Characteristics in the Unsaturated Soil :
Comparison of Finite Element Model with Experimental Results
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ABSTRACT

Infiltration plays an important role in the urban water cycle. Infiltration has a potential to contribute to groundwater
recharge in addition to runoff reduction. However, infiltration in urban areas has been considered only as a means of
runoff reduction. Conventional design methods for infiltration facilities assume soils to be fully-saturated for the sake of
simplicity. The amount of groundwater recharge can not be estimated properly with this scheme. Hence, the characteristics
of the unsaturated soil condition need to be considered. The finite element model using SEEP/W to estimate infiltration
under the unsaturated condition is presented. Infiltration tests for Joomonjin sand are performed and the infiltration
behavior of Joomoonjin sand under the unsaturated condition is measured experimentally to verify the validity of the finite
element model. The results from comparing infiltrated volume between the saturated and the unsaturated conditions under
the same soil and rainfall conditions show that the infiltrated volume in the unsaturated condition is two times bigger than

that in the saturated condition.
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Fig. 1. Acryl column for the visualization of infiltration flow in unsaturated soil and measurement apparatus: FDR sensors, Tensiometers

and pressure transducers.
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Table 1. Physical properties of the Joomoonjin sand
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Fig. 2. Grain-size distribution.
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Fig. 3. SWCC of Joomoonjin sand using measured suction from Tensiometers (a) and Tempe pressure cell (b).
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Fig. 6. Time response of measured volumetric water content from the sensors (a) and Time response of estimated volumetric water

035

0.30

0.20

0.15

0.10

0.05

0.00

0.3
0.6

0.3

EEEEEEEN

0.2
0.1

100 1000

Time (sec)

10000

Difference of ViWwcC , 40

035

030

0.25

020

015

010

0.05

0.00

| ‘ ™No.|7
I | | T ‘?-5!
i =103
1] ‘ { ~o-No.g |
[ ] e 03
: [ [ 111 | No.4|
(1] 3 - ~=No. 2 |
[l ~=t0.1 |
llltiie”. Il
| | |
I d
/ ” F i ‘
‘ |
Z -
10 100 1000 10000
Time (sec)

content (b).
0.8 0.8
t=0 : I. ! \\ ;
07 o A *#7) 07 4 Yok W o X0 ¢
: 2 L \ 19005
o I
06 o t=60s,-7, %7 06 - o \ 7 800
1 ’ R
mo %,k #5) Vloa X #)
1
T05 I 7 4 =05 L . '
% | ,/’tzlgés o ,E_ L2005
\
S04 CY @ 204a{ V&2 of )
® o \ \
> w o/ b= . > \ \
203 N/ t=300s, t=1800s 305 ‘\\ N
\ 2 N N
N N \X\ N #2) t=36095 o A \\\\\ #2)
0.2 ~‘~ I T 0.2 A \‘\ T 145
2 . .o sy s L AR
---------- Estimation Y2 \\s“ . o
1 DaoOx Measurement Sy @n | oA T BRSO
01 Oit=0), &(t=60s), O{t=120s), O(t=300s), X(t=1500) 01+ OalK Measurement B #0
' OIt=36005), 4 (t=22005), 01{t=1900s), #t=18005) :
0.0 T T T '. 0.0 r T T &
0.0 01 0.2 03 0.4 0.5 0.0 01 0.2 03 04 05
Volumetric Water Content Volumetric Water Content

Fig. 7. Comparison between estimated and measured data for adsorption (a) and for desorption (b) conditions with Joomoonjin sand.

J. Soil & Groundwater Env. Vol. 16(6), p. 27~33, 2011



0.50

040

2
w
oy

Volum water content (8)
o
o
o

0.10

0.00

050

040

o
w
=]

Volumwater content (0)
2
I
=)

010

0.00

050

Volumwater content (8)

0.00

050

040

0.30

Volumwater content ()

0.00

B8} ol lEe) HEEA ; {3t Raln 49 an v

—
=—No. 1(E)
=nNo. 1(M)
0 600 1200 1800 2400 3000 3600
Time (sec)
~N
\\
\‘
=No. 3(E)
—No. 3(M)
[} 600 1200 1800 2400 3000 3600
Time (sec)
\\\
- e No. 5(E)
== No. 5(M)
T T
0 600 1200 1800 2400 3000 3600
Time (sec)
—
F;
&\_
=—No. 7(E)
=—No. 7(M)
0 600 1200 1800 2400 3000 3600

Time (sec)

0.50
040
g
<
=
£ 030 2
-]
8
£
§
N —
0.20
E N
2
210 ——No.2(E)
——No. 2(M)
0.00 ] |
600 1200 1800 2400 3000 3600
Time (sec)
0.50
0.40
g
b
-]
£ o030
-]
8
-
£
0.20
E ~N
= T ——
s \ ——
=
910 ——No..4(E)
—No. 4(M)
0.00 ] ‘
0 600 1200 1800 2400 3000 3600
Time (sec)
0.50
0.40
g
=
-]
£ 030
-]
8
&
;
HLEY Q
= [ —
2 —
010 ——No.6(E)
= No. 6(M)
0.00 l l
0 600 1200 1800 2400 3000 3600
Time (sec)
0.50
040
g
-
-]
£ o030
2
8
=
§
g 020
El
S
=
Lt ——No.8(E) ~———
——No. 8(M)
0.00 ! |

600

1200 1800 2400 3000 3600

Time (sec)

Fig. 8. Comparison of VWC between estimated and measured data for Joomoonjin sand.

31

J. Soil & Groundwater Env. Vol. 16(6), p. 27~33, 2011



32 24 - el - 2

Dﬂoﬂﬁt ASTM
D2325-68(Fredlund and Rahardjo, 1993)01] o)A W
UIZ Tempe Celts ©]83t SA3FATHFig. 3(b)). Van
Genuchten®] (19807} HAAREHS olg3ale] Pojxl 5
ZFFALe] SWCCE Fig. 490 A8

32. M HEE

TEXEFARE 80 cm Eololx] ZAste] of=d A
o] oL ELFRAAE o83t AHLrRIE 5789
At ESTEAIME Fig. S(apt 2] wix|siden 7t
AMe] 7FAL 15 cm 7FE2E 31tk Fig. 5(bye A3
SRl 0.14~0.389] HLIlA 0.029912 FESt] LE
welth, 28 JaAde JFas S4H0E 2 oA
< o]$_o] =93} Aoz 7].7@3].9\11:} z+ }\1]}\13] He= A
o] nlgoAHE No.l~8HoZ A=) Fig. 6(a)=
2 ZE olF 30t FEMI AIA F AR B
gk AAgr] Wl aefszolot. Fig. 6(b)ye 3He
32 meof ofgk mojgks VFERISIT el sk
U3l A] 271350018 nilE 53t WsleRs
v}, 7} AellAe] Azt wE AAEG-E wisk
MNE vk zelE Bovt vhSAIEL vhe<eA=
frARE s Bt

HAEA] M2 APy 7731 ZFAF A83E W
3lo] Ay B3} Erde] wojgks nlwslgith
Fig. 79l= EEHY Zojo| u}= ,\me E"‘f@““ﬂl
ZAgzlo
=

-

fo b JlN‘ =
>

1913

o] ¥islE wlaskeirt. o} T mE 3
H|o] vlal A} A JE7F JB == JJrX*(adsorptlon
condition, 30%-)° 11—‘} AEATe} Foldnprt Ak
A% Byou, AeEs & FEhlat 8 3y
(desorption condition, O—E‘)Oﬂ Me RojAipt AdEe
Hgl AAgR17} e Haok olgfgt e &
A3 Folgke FFA| EjHHT"]-J EFEAT
o] =24 YeRFATHSWCC hysteresis), 53|3l1239l14]
Ariar 7HYslel7] wiiel Whls o= deE
Fig. 8ollM= ZF 24 A7l w2 g<5=H]E v
waldth. A7 ZlodH=E X9 e EYEAxz A
AE ARNA] TR e Rl ARz 2o
#o] mlaz IAghe Btk 57 XgEs AgeA

rlr rx o

J. Soil & Groundwater Env. Vol. 16(6), p. 27~33, 2011

Sand (Ks = 5.74x10“m/s)

30 28.0 27-
Measurement

25 A M Estimation

Saturated

20

15

10 +— -

i

Accumulated infiltration volume (L)

10 20 30
Time (min)

Fig. 9. Comparison of infiltrated volumes for half an hour
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