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ARTICLE INFO ABSTRACT

Article history: Background: Infiltration of rainfall is widely known as a faatthat change pore wat
Received 3 March 2016 pressure and volumetric water content of soil esfigdor unsaturated sc in tropical
Accepted 2 May 2016 region. Previous study of infiltration were usingilscolumns parameters such
published 26 May 2016 moisture content and pore water pressure that determined by equipment attact

to it, and images of infiltration can only be simtéld by geotechnical eneering
softwareObjective: The objective of this paper is to compaeal time imaging of

Keywords: infiltration into soil using Electrical Capacitane®lume Tomography (ECVT) of tw
Infiltration, Soil colurmn, ECVT, Real- sails; gravelly sand and kaolin. Other than teak images, volumetric water ctent
time imaging, Volumetric water were obtained through permittivity value from th&perimentResultsFrom the
content. experiment, the results were clearly indicated ttestl time imaging for rainfa

infiltration into the soil can be produced for bdtpes of so.Result of permittivity
value were successfully converted to volumetric watentent using equation a
shows a good relations with the real-time imageaclusion: ECVT is a new
innovative method introduced to study infiltration of rainfafito soil. This metho
willenhance theunderstanding of soil behavior especially for ralhinfiltration that
relates to soil stability.

INTRODUCTION

In tropical countries which has high seasonal dinfinfiltration of rainfall into soil especiallgt slope will
cause shallow slifailures due to the wetted zonBujang, B.K et.al 2006)Rainfall event leads to wetting a
drying process that takes place where some ofdinevater reaches the slope surface will infiltrate the soil
and some of the amount will be the surfaoff. Unsaturated soil is known hasvery low negative pore wat
pressure. After a rainfall event, as water inftiésainto the slope, volumetric water content stirtmcrease a
pore water pressure increases to the positive valbis phenomenon 1l transform the structure of soll
decrease friction and cohesive strength betwedrpadicles Gasmo, J.M et.al 20000far, N et.al 2006).
Consequently the factor of safety against slopil#tais decreasec

In conventional study of rainfalnfiltration, Time-DomainReflectometry (TDR) and tensiometer are u
to measure parameters of volumetric water contetitpmre water pressure respvely. Both of the paramete
from equipment can be taken dirly from the studied site or by laboratomprks. Numerical simulation usir
software are used to simulate and prothe results produced by laboratory workdDiPaensiong images can
be produced from numerical simulation re that give non real-time images resaltd prediction of the
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parameters are depends on the result obtained fn@wvious laboratory works only. Therefore the resul
obtained is not a real time at the time of rainéa#nt occurred.

Instead of using conventional method of evaluatimgmechanism of rainfall-induced slope instapilihis
research used an innovative technology in geoteahréngineering. The electrical capacitance volume
tomography (ECVT) is a method obtaining pattermvafer infiltration through soil using real time Breénsion
(3D) imaging. Previous techniques of ECVT were usédely since 1970’s such as magnetic resonance
imaging (MRI), X-ray micro tomography, optical togr@phy, resistive tomography, acoustic tomography,
positron-emission tomography (PET), capacitanceography, and others (Willians, R.A et.al. 1995).sTh
technigue was started to be used in the indugiviatashdeh, Q et.al.2007)and flow phase for chemiegerial
process. ECVT is the 3 dimensional real-time imggipstem considered as “the most promising teclenfqu
dynamic flow imaging, which has a relatively highmporal resolution, up to few milliseconds, wittiakele
spatial resolution “(Marashdeh, Q et.al.2007).

Generally, tomography is an imaging process whitle cross section of an object can be
demonstrateddeprived of any apparatus probed erté@tsinto the object.Basically, ECVT techniquesists of
sensors, data acquisition system (DAS), displaginigrage and permittivity data, and imaging recaouctton.

In this research, sensor for EVCT system consiselectrodes which yield magnetic field and meadur
capacitance value while the object is being expemnbted. The variation of capacitance value is depemdthe
tested object, electrode shape and quantity oftrelde. The electrodes' shape, configuration anckigiss
depend on the object to be tested. These electavdasonnected to the DAS to transfer and storent@sured
capacitance. The DAS is also depends on the dekgjneage capacity.

When starting the experiment, all capacitance dhtained is saved to DAS. At the same time, 3Dgena
for is displayed in real time through the persot@miputer. Other than that, the value of permittivé also
captured and displayed. Then, the value of capa@taneasured is transferred to the relative pawitjtivalue,
based on the object. Relative permittivity val@sctibes material or objects that being tested itarchemical
composition component. For example, relative paivity value for air, water, residual soil, and watted soil
is 1, 80, 2-4, and 23-28 respectively Mukhlisirme{2012). The final process in ECVT techniquenmge.
After the value of relative permittivity is obtaith®dATLAB software is used to generate image reaqumiesion.
Both 2D and 3D images will be produced through thchnique.

Few researches were using ECVT system in geotehangineering. Previous researches were done by
Mukhlisin et.al (2010),Mukhlisin et.al (2012), arghidillah (2011). Study by Mukhlisin et.al (2010hch
Baidillah (2011) were to analyse infiltration ofimavater to the soil. Using the ECVT vessel, the awat
infiltration can be detected through the systenstédy by Mukhlisin et.al (2012), the variation aflumetric
water content applied and mix to the soil sampthel detected by ECVT system and to measure if vaditiene
water content can be detected through the expetiresen though the previous researcher studiettratfon
using ECVT, all of the studies mentioned were regiresenting the effect of actual rainfall situatieith
designated duration and intensity.

MATERIALS AND METHODS

Properties of soils:

Two types of soils were used in this researchyajha sand and kaolin which both materials were
commercially obtained.Basic soil properties wertedrined in the laboratory for both soils such assture
content, porosity, and bulk density. Hydraulic pedfes of the soils such as hydraulic conductivity,was
measured through constant head permeability test.V8ater Characteristic Curve (SWCC) of the sodsw
measured by plate pressure extractor apparatusghandhe results obtained were fitted using Vanugaten
Method (1980).

Soil Column Apparatus:

Infiltration of rainfall experiments were condudtasing soil column apparatus. The system of sdiran
including water supply system, soil column witreatted sensors, and effluent system.

For water supply system, water pump was used tmlate the rainfall simulation throughout the
experiment. Water pump manufactured by Cole-Parmerdel 07554-80 Masterflex L/S economy with
variable-speed console and the speed are variesfrto 10, was attached with Masterflex L/S Easpad. |l
pump heads.
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Soil column apparatus was using conventional sailmn apparatus, ECVT vessel which attached with
sensors, and data acquisition system to retrieead#tta obtained. Size of the vessel is 11.5 cm gmd,7and
there are 32 pixels for all x, y, and z axes. Tfwes the length of vessel is divided by the tgiakl resulted of
0.844 and 0.11 ciper voxel. The parameters were set to be loggedevery 1 minute throughout the
experiment.

On the other hand, the intrusion throughout th&/E@essel is prohibited due to the sensors' seftyiti
Therefore, for installing TDR and tensiometer pwgm top of the ECVT vessel was extended with &ciybe.
TDR used in this experiment was TRIME-IT Time dom&eflectometry with Intelligent MicroElements by
IMKO Micro modultechnik Gmbh. Data from TDR was alsted through data acquisition system attached to
the soil column for every ten minutes. The schemdiagram of the soil system component is illustlain
Fig.1.

Effluent system for the infiltration experimentasvusing Rainlog Datalogger by Rainwise to meathae
effluent of rainwater through infiltration. The &ches diameter collector tipping bucket will cotléz01
inch/tip and 0.5 min/tip minimum and maximum redpedy. This battery operated logger fits insidee th
polypropylene rain gauge and will measure the tatimfall at every ten minute. For this experimeatn gauge
was set for 0.01 inch/tip.

Flow ——1
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1DR

{ EovT
¢ Vessel with |

o

Tensiometer

Soil Column

-32 slice/section

N
T

Data Water Percolation Data Acquisition
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Fig. 1: Schematic diagram of soil column apparatus usiGyE

Experiment Schedule:

The infiltration tests were carried out with twimslated rainfall flow rate and durations. For gzghy sand,
the first experiment was carried out with 1.98/s flow rate (R1), for 3 days. Then, second experimeas
done with 10mL/s(R2)flow rate, for 1 day. 1hour is allocated foyidg process for each test respectively.

For kaolin, the first experiment was carried outhmd.93mL/min flow rate (R1), for 48 hours with 42 hours of
drying time. Then, second experiment was done ®tmL/min flow rate (R2), for 1 hour, with drying time of
24 hours.

I mages Reconstruction:
After the infiltration experiment, 2D and 3D imagi reconstruction were carried out using MATLAB
software. The permittivity value was also retriefein the MATLAB and converted to moisture content.
Using the equation proposed by Mukhlisin, M. €2@l2), the value of normalization permittivity and
volumetric water content can be determined.
Normalized permittivity,

E—Eres
gy = ——fres 1
N Esat™ €res ( )
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Volumetric water content,

0=n (Hi)” @)

Esat™ Eres

Whereey, g, €,..5, andeg,are normalized, relative, residual, and saturatemnijitivity value respectively,
andnis the porosity. It is noted that the relative pigtimity for air, water, residual soil, and satwdtsoil are 1,
80, 2-4, and 23-28 respectively.

RESULTS AND DISCUSSION

Soil Properties:

Result of soil basic properties is listed in TableSince both of the soils were commercially atedi the
moisture content of the soils was considerably dme to the dryness of soils

Soil used for the experiment was gravelly sand), laasic properties of the soil such as moisturderin
was determined in the laboratory. Other than thafurated hydraulic conductivitigwas measured through
constant head permeability test. Plate pressureasst apparatus was used to measure Soil Water
Characteristic Curve (SWCC) of the soil, which tesult was fitted using Van Genuchten Method (1986
results of soil properties are as in the Table 1.

Table 1: Soil Properties soils.

Soil Properties Symbols Gravelly Sand Kaolin
Moisture content (N 0.0013 0.37
Saturated volumetric water content A 0.0883 0.48
Residual volumetric water content O 0.0313 2x107°
Saturated hydraulic conductivity (m/s) Ke 6.333e-4 2.1x107°

Real-time | mages:

In this experiment, infiltration of water was dllyaverified by the Figure 2(a) to Figure 2 (f). Asstart, the
vessel was filled with soil, showed by the red caode. (Figure 2a). Rainfall infiltration is stadtto trace at
the top of the column as indicated by orange catdhe top of column. Figure 2(c) demonstrated lohier on
the top of the vessel which indicated that watartst to infiltrate into the vessel after simulatathfall was
applied. Then the water infiltration is continugzbeoaching bottom of the vessel, as proved in Eigu(d), and
(e). In Figure 2(f), while the whole vessel is qoed by the water, but there is light blue colortba top of
vessel, indicated that the drying process wasestash that that sections. Subsequently, Figure) ard (f)
suggested that the soil in the vessel continueattieal up after simulated rainfall has stopped. Ilgnhe color
of the whole vessel is changed to red color inditdhat most of the sections is in drying process.

By referring to Figure 3, the pattern of processrainfall infiltration for kaolin is similar asrgvelly sand.
From both of Figure 2 and 3, it is clearly showkdttat 23 hours, the permittivity for gravelly samaks blue
color for the half of the vessel, meanwhile kadiil has reddish color at 27 hours. The resultvghohat
rainfall infiltration is moving faster than kaoli@ther than that, at 32.43 hours as indicated girgi2 (d) for
gravelly sand, the whole vessel turn to dark blamrcindicated that infiltration of rainfall alregdeach the
bottom of the vessel. On the other hand, rainfdiltiation took 40.62 hours to reach at the bottfiwessel.

Volumetric water content:

Figure 4(a) and 5 (a) show the and intensity amattbn for rainfall, Figure 4(b) and 5(b) show waletric
water content, and Figure 4(c) and 5(c) show efitiwd both kaolin and gravelly sand respectively.

Figure 4 and 5, show that rainfall for kaolin vegspliedshorter times compared to gravelly sandak due
to the fact that rainfall infiltration takes longémes to travel and reach bottom of the vessshasvn in Figure
3.1t is indicated that ponding had occured at tgedf soil column, and longer time for drying issded.

Figure 4 (b) and 5(b) show the volumetric watemteat for both soils. The value of these volumeivater
content are converted from permittivity value obé&al though ECVT experiment, and conveted using teaqua
1 and 2 as mentioned above. The result of volumetater content for both soils indicated that vhkie were
gradully increased as experiments were startedrainfall were applied. For gravelly sand, volumetwater
content is decreasing before the drying process,ilmcreased as second experiment (R2) is appliedth®
other hand, for kaolin, value of volumetric watemtent was increased, and started to decrease aiytimg
process took place. Then the value was starteddelerate as second experiment (R2) started umdilog the
experiment.

Figure 4(c) indicated that the effluent for grdyetand was traced at 51 hours of experiment with
0.254mm/hour for experiment R1. At 66 hours of ekpent, the effluent was increased to 1.27 mm/hdbe
effluent was decreased as the rainfall was stopaed,drying process took place. It was indicatesnfithe
figure that the value of effluent for R2 were gezahan R2. The highest effluent value was 1.524hoor at
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68 hours of experiment.
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Fig. 2: Result of images reconstruction for gravelly sand.
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Fig. 3: Result of images reconstruction For kaolin

For kaolin, effluent was traced at 56 hours ofegkpent with 0.76 mm/hour. The effluent were conéin
until 84 hours of experiment with maximum valueld®2 mm/hour at 57, 61 and 65 hours of experiniaae
to the longer times taken for water to reach bottdrthe vessel, there was no effluent traced alfier84” hour
of experiment.

Other than that, the value of volumetric for bethils indicate a good agreement of value obtaingd w
ECVT experiment.
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Fig. 4: Result for kaolin for (a) Flow rate, (b)Volumetri@ter content, and (c) Effluent.
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Fig. 5: Result for gravelly sand for ((a) Flow rate, (bjl¥metric water content, and (c) Effluent.

Conclusion:
In this paper, one dimensional rainfall infiltiati test using soil column was conducted using tiezd

imaging of ECVT sensors. This research also prdhat real time images for both soils using ECVTteys
can be used in studying rainfall infiltration. Thmages provide good response from two cycles offadi
applied into the soil, and drying after each tdstainfall. Based on the images, rainfall infiliiat for gravelly
sand is proved to be faster than kaolin. The metidelCVT is proved to be effective in the analysigainfall
infiltration into the unsaturated soil. Other ththat, because of the variation of ECVT vessel shegpealso be
designed and implemented, this method can be fuirtiygroved such as in determining parameters ierogbil
analysis especially for slope stability.
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