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Abstract
This study provided an investigation of activeroot tree zone located at the toe of the slope. This section of slope generated suction due
to tree water uptake during dry season. A field monitoring set up program was carried out to collect matric suction data at slope with
absent of a tree and with a tree located at toe of the dope. The installations of Jet-fill tensiometer and Gypsum blocks to measured
matric suction were placed at vicinity of tree with certain depths and distances. The distribution in matric suction values and matric
suction profiles responses to tree water uptake and rainfall were investigated. The decreased of soil matric suction after intense
rainfall in this monitoring period as a function of an initial condition before the water uptake driven by active root tree substantially
increased matric suction (low moisture content). Matric suction significantly increased at vicinity of tree trunk located at toe of slope
compared to the dlope without tree. This exploration provides the viewed of mature tree can significantly alter the suction distribution
driven by transpiration in an unsaturated soil slope. It takes consideration by preserved mature tree can improved soil propertiesin

geotechnical slope design.

Index Terms. active root zone, tree water uptake, field monitoring, unsaturated soil, matric suction
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1. INTRODUCTION

The total water transpiration can then be assumeletthe
same as thevater uptake through the root zone. Therefore,
soil suction that exert from water uptake by treets can
significantly change the soil moisture near vigirof the tree.
In this study, matric suction generated by tree wasasured
and water uptake by plant root is treated as a s$amkn
distribute in the active root zone is mainly coesat. The
tree has developed different adaptations and giesteto
acquire water to transpire and photosynthesizeb@li2005)
such as: deep water uptake, stomata closure, s#teage,
etc. Hence, this transpiration water-uptake becoomesof the
most important mechanisms influencing the wateilabgity
in soils (e.g. depletion of available water fronil)so

From the previous researches were conducted, fgrefémee
will affect the suction in soil. The water benedlte soil is
being extract for the process of transpiration hg tree.
Water uptake by tree root is influence by seveaatdrs such
as species of tree, type of soil, wind speed aratives. Biddle
(1983) has found the significant soil moisture comtvaries
by different tree type and not influence by sodyctype. Thus,
it is found the pattern of soil moisture deficitshaccur and
may similar for different clay and the amount ofayl
shrinkage with the associated risk of structurahdge will
depend on the clay characteristics.

Apart from providing natural mechanical soil reirdement,
tree roots dissipate excess pore water pressurepanttiice
sufficient matric suction to increase the sheagmgjth of the
surrounding soil. It is well recognised that vegera has
various mechanical and hydrological effects on gobu
stability. Most researcher ([8],[9],[14]) are attei® to
quantify these effects have focused on the mechhnic
strengthening provided by the roots, but ignore the
implications of evapotranspiration for the soil powater
pressure. However, the model was develop and apialit of

a numerical model of water uptake in the vicinity o
established trees was produced by [1] and set & ne
approached on hydrologic effect for the stability sbope.
Also, [10] develop a mathematical model for theeraf root
water uptake that considers ground conditions which
highlighted the inter-related parameter of conttidou to the
development of conceptual evapotranspiration andt ro
moisture uptake equilibrium model.

This paper present the results of matric suctiomitooed in
an instruments place on slope with a tree locatebea and
absent of a tree at study area of Faculty EledtEogineering,
University Technology Malaysia, Johor, Malaysia. eTh
changes of matric suction due to tree induces @ucivas
revealed in soil suction distribution profiles atarous
conditions from wet season (high rainfall) to drgason
(prolonged no rainfall).
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Fig-1: Acacia mangium tree located at the toe of slogk pasition of instrument (tensiometer, gypsum kl&aaingauge)

2. MATERIALSAND METHODS
2.1 Site Description

The tree was located at toe of slope at Facultilettrical
Engineering University, Technology Malaysia as sbdwn
Figure 1. An area of the slope, approximately 8Omdew
(measured across the slope) and 5m Height (measiomwed
the slope) was considered to select for the imstall
instrumentation. A uniform slope with an inclinatioof
approximately 310 with area consisted of horizoaotakt.

2.2 Field Instrumentation Monitoring Program

To monitoring the soil matric suction changes ie $iope due
to acacia manggium tree, jet-fill tensiometers (iFég2) were
installed. Jet-fill tensiometer (Soilmoisture Equignt Corp.
CA) is used since it can measure directly the sadtion that

range between OkPa to 100kPa. To measure the hitors
beyond 100kPa up to 1000kPa, the gypsum blocksr{baist
Instrument Co. Model 5KS-D1 G-Block) with a measgri
capacity of 10kPa to 1500kPa was introduced for the
measurement of high range of soil suction (Figuye The
gypsum blocks and tensiometer were installed wimes
arrangement in this particular field instrumentgufe 1 show
the locations and layout of instrument installedthie area.
Each station consist of tensiometer and gypsumkbhacnely
as Station slope 1, Station slope 2 and Statiopesl® at
distance of 1.0m, 2.0m and 4.0m from tree and liestaat
depth 0.5m, 1.0m and 1.5m, respectively. That weresider
as top, middle and bottom of the root zone, acogrdio
Biddle (1998) that find the active root zone hateed until a
depth of 2m.

Volume: 02 Issue: 09 | Sep-2013, Available @ http://www.ijret.org 188




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

The readings to measure the soil suction changeaatid to Table-1: The properties of the soil material in this stiadga
volumetric water content using a soil water chamastic
curve were taken daily at 9:00 a.m. and 5:00 p.mceSrain Composition Sandy SILT
gauges were used in this study, rainfall data vmeomitored
using a hyrologger (ISCO 675). Gravel (%) 5.1
Sand (%) 20.9
Silt (%) 48.7
Clay (%) 25.3
Liquid Limit, LL (%) 71
Plastic Limit, PL (%) 39
Plasticity Index, PI (%) 32
Specific Gravity (Gs) 2.62
Void Ratio (e) 1.44
Porosity (n) 0.59

Permeability (ksat (m/s)) 4.1 x10-7

Effective Cohesion (c") 9

Effective Friction Angle| 23
(¢)
Unsaturated Friction Angle 20
(¢b)
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Fig-3: Gypsum block

60 1
2.3 S0il Properties

The disturbed and undisturbed soil samples wereaeld at
the ground surface up to 1.5 m depth of the studw.aA

50 4

40 4

Percentage Passing %

series of laboratory testing were conducted tordetesd soil 2l
properties, which can determine the soil type asmtechnical
properties as presented in Table 1. The main phlygicex 20
property of the soils investigated in this study swsoil
classification, which depends on several factorshsas the 104

Atterberg limits, specific gravity, particle sizesttibution
(Figure 4), porosity and void ratio.

0.001 0.01 0.1 1 10 100
Grain diameter, mm

Fig-4: Particle size distribution curve of sandy SILT
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2.4 Soil Water Characteristic Curve (SWCC) Without Tree

The soil-water characteristic curves (SWCC) ofdaal soils G 5
at Faculty of Electrical Engineering Universiti Telogi
Malaysia are shown in Figure 5. The SWCC for lowtguns 1
(less than 1500kPa) was determined by fitting therage " - U
value from a series of pressure plate extractds.t&ased on — it 0
this SWCC, the parameters such as saturated vaifignetter

—05m %

Suctinn kPa

content (Is), air entry value (Aev) and residual volumetric 3
water content((r) of the soils can be identified and shown in . b
figure 5. 6
0
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Fig -6: Field matric suction with depth respond to raihfal
distribution at slope without tree

Figure 6 shows field suction envelopes measure0.%mn,

1.0m and 1.5m without tree at the toe of the skope:can be a
function as control matric suction in soil. Durinigis field

v monitoring period, the suction at 1.0m and 1.5mehaever
reached OkPa (suction disappeared). However, tb&osuat

0.5m depth deceased to OkPa after several of Indgraense
rainfall event.

Volumetric Moisture, %
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Fig-5: Soil Water Characteristic Curve (SWCC) -

—05m

3.FIELD MONITORING RESULT 5

40 —1m

Field measurements results are presented for 26termber
2011 to 20th January 2012. This period falls urttier wet
season northeast monsoon blows from east part sacros
peninsular Malaysia from November, 2011 to dry emai
March, 2012 (Meteorology Department Malaysia). The
changes in matric suction, matric suction profifgiience by 9
tree water uptake and response to rainfall withiginity of
tree shows in soil suction profiles are investidate

m b

Surtinn kPa
Rainfall mm
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Fig-7: Field matric suction with depth respond to raihfal
distribution at Station slope 1, 2 and 3

Field monitoring data collections from the slopemeaas
Station slope 1, 2 and 3 were applied for analysfethis
study. Figure 7 shows the matric suction were nneasby
combination of tensiometer and gypsum with deptth daily
rainfall data. The three lines shown on the gragresents
readings from the instruments (matric suction) aptd as
indicated in the legend. The bar graph represdmgainfall
data and shows that rainfall occurred during thésiqa of
monitoring.

The suction variation was considerably large, oda@uary
2012 after twelve day without rainfall, for Statislope 1 the
matric suction at 0.5m reached value approxima2&@kPa,
while the change in the matric suction was apprexaty
278kPa.

Field monitoring data shows in figure 7 were plditenatric
suction with respect to depth and rainfall werewlleasier
configuration and comparison between the field rowimg
data Station slope and without tree. However, dutiis field
monitoring, the suction at 0.5m, 1.0m and 1.5m hageer
reached OkPa (suction disappeared) at Station siegpite
received several long and intense rainfall event.

4. MATRIC SUCTION RESPOND DUE TO TREE
WATER UPTAKE ANALYSIS
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Fig-9: Field matric suction profile directly at 1m fromeé
(Station slopel).
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Fig-10: Field matric suction profile directly at 2m fromeé
(Station slope 2).
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Fig-11: Field matric suction profile at slope without tree
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Figure 9 shows the corresponding suction profilsulteon

days; 26th December 2011, 27th December 2011, 29th

December 2011, 2nd January 2012 and 4th Janua@: 20&

largest changes in matric suction occur at 0.5nthjephere

the water uptake by tree roots is at its maximurh.this

location the matric suction increase significanflpm an

initial value 3kPa to 151kPa, yielding a 148kPangwin

matric suction. At the lower part of the profile Aatm the
matric suction has change by only 37kPa after 10dfy
transpiration.

Figure 10 presents the matric suction profile atatice of
2.0m from the tree slope station (Station slopeT8)s profile
shows a marginally reduced impact of the water keptar
transpiration influence occurring at slope. Thehleigt matric
suction generated at this location is now approiéga82kPa.
Figure 11 show the matric suction profile at toetlsf slope
without tree. These profiles reveal the maximumdyg of
matric suction at 0.5m was approximately 38kPa.

CONCLUSIONS

A field monitoring program was established to qifgnthe
hydrological impact on slope by preserved matuee @it toe
of slope. Field monitoring were measured at varicasdition
of weather and found significant changes in masriction.
Data were collected on several places proximityreé at the
toe of slope and slope without tree. The analydematric
suction results with respect to water uptake badelyson
single mature tree affected to residual soil ofdga8ILT on
the slope.

During the period of no rainfall, slope with pregst of tree
increased significantly compared to slope witheaet These
owing by tree water uptake driven by active roeetzone that
generate suction through the soil. Soil suction geserally
greater at 1m and decrease gradually at 2m andehm tfee
trunk. These contributed by distribution of activeot

concentrated particularly at vicinity of tree trudnd at
shallow depth (<0.5m). Therefore, by preservinguratree
to accelerate of matric suction was an effectivahaoe to

increase suction. In related with this, tree watgtake
(transpiration) from root activity of tree will aue dry
conditions that eventually occurred at proximitytade trunk
with depth up to 1.5m below the surface.
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