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Abstract: Problem statement: Soil consolidation is generally time dependenterdfore soil
displacement as a result root water uptake is spaddime dependent. The time-dependent nature of
abstraction of ground water by vegetation needet@\¥mluated in order understand the effect of time
elapse on matric suction a generation and subsegueannd displacemenApproach: The current
approach used the theory of unsaturated soils mtification due to assumption made in the course
of model formulation with two stress state variabjeginciples. A volume change was modeled as a
result of matric suction change caused by vegetatiduced moisture migration. The effect of elapsed
time for full cycle are simulated for periods tleatvers a spring/summer soil-drying phase of 6 month
followed by an autumn/winter 6 month recharge phBesults: The results of this evaluation showed
that the soil matric suction and deformation insesawith time spring/summer soil-drying phase of
6 months followed decreases during autumn/winteoth recharge phase. There is also decreased in
the suction generation and ground displacementhasldteral distance from the Lime tree trunk
increasesConclusion: This study provided a valuable and a relativelguaate means to estimate the
influences of vegetation on ground taking the wasielapsed times into account. The effect of rdinfa
has been incorporated into the simulation studwtady of this kind is not complete with inclusioh
rainfall data.
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INTRODUCTION root water uptake and a horizontal and vertical
distribution of roots determines the dispersal obtr
In groundwater field, the soil deformation is water uptake, which must be included in the analysi
studied due to extraction of groundwater. In préoiic ~ Navarroet al. (2009) presented a numerical solver to
of soil movement two fundamental stages are gelgeral estimate movement resulting from strain causeddyy t
involved; an assessment of the changes in moisturdctivities in urban areas, avoiding high level deta
conditions and the knowledge of the volumatricieta characteristics in unsaturated mechanics, whiteysnd

induced by these change. The variation in the mggst the Scope of building techrjology for low-rise b"!“@'
content leads to a change in the effective straas t according to the author, which should not be aneide

) : . . avoid high level details characteristics in unsatead

causes a decrease in porosity and void VO'“T“e Wh_'c echanics especially rainfall data. Fatahial. (2009)
eventually results into volume change in soil. postylated that the rate of potential transpiration
Vegetative induced moisture movement and itspcreases the soil matric suction and ground seétfe
subsequent migration to or from atmosphere cause with no clear inclusion of rainfall data. Abstramti of
great deal of soil movement via shrinkage and smgell  ground water by roots is a complex process invglvin
which causes volume change. This volume change ithe interaction of the atmosphere, plant and soil
unsaturated soil can be expressed in terms aproperties Nyambayo and Potts (2010).
deformations or relative movement of the phases of A seasonal water variation as a result of rooewat
the soils. uptake was measured by Biddle (1998). A simple

The mechanical parameters of the soil wereconcept of sink term for uptake developed by Rews a
included in the water flow analysis and have beerfli (2006) is partial coupled to estimate the
simulated. Infect, soil suction is a limiting facttor ~ deformation as a result of vegetative induced matri
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suction changes in this study, incorporating thepsé
time with flux boundary condition in the analysis.

Theoretical formulation: According to Fredlund and
Hung (2001) stated that the volume change cons&tut
relations for the unsaturated soils are formulatsithg
the two stress state variables namely; net noriness
and matric suction, thus:

o' =0-u,-x(u,~ u,) @
Where:
X = The effective stress parameter which

depends on degree of saturation and it iSS(LlJ,Z,I‘)ZTG(]J{l—Z:H 1_}
unity when degree of saturation is 100% and z Z

zero when completely dry

0 = The volumatric moisture content

] = The capillary potential

r = The radial coordinate

S (r,z) = The root water extraction function and the
radial coordinate

The root water-uptake extraction function is the
sink term S,z,r) in the Eq. 3, is given by the equation
for water-uptake for two-dimensional axi-symmatisc
Rees and Ali (2006):

4 (@)

rr

Where:

r. = The maximum rooting depth in the radial direction
Z, = Maximum rooting depth

r = The radial distance from the origin of the plaiank

z = Depth in the soil profile

The numerical solution of Eq. 3 via the finite
element spatial discretization procedure and aefini

continuity principal applied to the flow in gitference time-stepping scheme particular adopting

(usuy) = The matrix suction

(c-uy) = The net mean stress

o = The effective stress

o = The total effective stress

Uy = The effective pore water pressure

S = The degree of saturation as is related to the
moisture content in the unsaturated soil and
porosity

The
two directions in a referential element ygelihe

two-dimensional axi-symmatric domain:

[&+%+WZ)VT :a\/w

2
r or 0z ot 2)

Where:
VT =

= Total volume of soil
Vu =

The volume of water in the soil pores

Galerkin weighted residual approach which will giel
the disctretized matrix form with added deformation
component for full detail Rees and Ali (2006):

Ky+Cy+J+S=0 (5)

The parabolic shape functions and eight-node
isoperimatric elements are employed Zienkiewicz and

For a constant volume 1vand expressing Ed. 2 Taylor (1989). The time-dependent nature of Eqis8,
employing Darcy's Law expressed for flow in an jea with via a mid-interval backward difference

unsaturated soils. The total potential for the mhunes

flow taken as the sum of the pressure or capillar

potential and the gravitational potential, follows:

<3(2)
or{ p,9

+ }k'w 2 i +7
rooorip,g

+a{kzwa(uw +ZD—S(r,z)
0z 0z p,, 9

Where:

k = The unsaturated hydraulic conductivity
t = Thetime

X, Z = The Cartesian coordinate

% _0
o ot or

®)

technique, yielding:

y

5n+1/29n+1+§ ml/%ynz‘_y"} +J P 1/2+§n vz g (6)

The capillary potentialy) was estimated from Eq.

3, which was used as an input for the stress-deftom
analysis.

The elasticity parameters are functions of thesstr
state of the soil, net normal stress and the matric
suction. The elasticity parameters could be es@that
using equation from Fredlund and Hung (2001), they
were coded into FORTRAN code.

While the soil is normally consolidated clay wah
consolidation behavior that can be described by:
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G +AG -u offer some refinement within the root zone areaesin
de= G |F{(0 =5 )+EU =0 ] J ) this is the region where the most significant moist
v & T content variations were expected to occur. The
Where: boundary condition for the stress-deformation asialy
de = The change of void ratio in the element N involved having the soil free to move in the tica
C. = The compression index, is  the d_|rect|9n and fixed in herzontaI direction at tleé and
swelling/shrinkage deformation right sides of the domain and the lower boundaryldio
Cs = The swelling index be fixed in both directions. The simulation emplays
oy = The vertical total stress time-step size of 21600 sec, which was held conhstan
Ao, = The change in the total vertical stresses for the entire period considered. A mature Lime toé
Ut = The final pore water pressure 15 m height on boulder clay was considered for this
(usUy)e = The matric suction equivalent Fredlund andanalysis. The soil parameters are shown in Table 1
Hung (1993) which is typical values for Boulder clay.

The required soil moisture retention charactessti

unsaturated hydraulic conductivity would be
simulated from the closed form equation developgd b
Van Genuchten (1980), thus:

The boundary condition for the stress-deformationand
analysis involved having the soil free to move e t
vertical direction and fixed in horizontal direatiat the
left and right sides of the domain and the lower

boundary would be fixed in both directions.

6.-0) y=0

_g . (6-6)
MATERIALSAND METHODS e(w)_9'+[1+a¢“]m P<0 ®)
The mesh consists of 8-noded isoperimatric linear
strain quadrilateral elements with 8-displacemext & R
pore pressure nodes placed at the corners of each |:(1+‘aw‘n)m_‘aw‘n—l:l
element. The entire finite element mesh consists of _ ¢ (9)

1281 nodes and 400 elements; The axi-symmatric (1+‘0‘¢\n)m(l+2)
domain is shown in Fig. 1. The mesh was configtioed

LN

/,75‘5/’ % Mature tree Where:
5;5 2\ 0 = Saturated water content
A ) SN 41‘1%161;?;:‘ 0, = Residual water content
e == 3 b4 = Suction head (cm)
H n, ma = Empirical shape fitting parameters
estimated by fitting Eq. 8 and 9 to the
ok experimental data
K and K = Unsaturated hydraulic conductivity and
saturated hydraulic conductivity
respectively while | is a soil specific
_1 parameter generally assumed to be 0.5
10m
Fig. 1: Axi-symmatric domain Model verification: The numerical results seem to
Table 1: Parameters used in the analysis agree wi;h Fredlund and I—_lung (_2001) analysis Al an
- Abdullahi (2010). The slight disparity between the
Parameters Values Reference . . . .
K 10°m sec Biddle (1998) results is .two.enurely different unsaturated stdeIs
T, 5 mm day Biddle (1998) are used in his study. These are the stress statble
¥y 1500 kPa Fatalet al. (2009) for unsaturated soil with Bishop’s effective stress
L 8165’\““_3 'ggmﬁ‘? ?11-9(53)06) theory for the unsaturated coded using FORTRAN and
C. 013 Indraratnat al. (2006) Fredlund and Hung (2001) strictly stress stateaMei_
u 0.30 Indraratnat al. (2006) for unsaturated soils. The two different theories
0 01 Fredlund and Hung (2001) influence the volume of change of an unsaturated so
25 8:360 ';rr‘z%'lm‘ézz‘é ';‘32%((22%%11)) differently. This verification exercise confirmsathif
m 0.29 Frediund and Hung (2001) the relevant parameters are known, then the current
n 1.4 Fredlund and Hung (2001) finite element model can predict the matric suction
' 05 Fredlund and Hung (2001) generated and the ground deformation caused by

599



Am. J. Engg. & Applied i, 3 (4): 597-603, 2010

vegetative induced moisture movement. The water
uptakes are validated with Biddle (1998) and Re®k a
Ali (2006).

RESULTS

Figure 2-12 shows the variation of final matric
suction for various lateral distance away from tfee
trunk for elapse times in days of 30, 190, 270, aA0
475 days.

Figure 3-13 shows the variation of ground
displacement for various lateral distance away fthen
tree trunk for elapse times in days of 30, 190,, Z68D
and 475 days.
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2: Variations of matric suction with depth at
various elapse times in days at the lime treerig,
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Fig. 3: Variation of ground settlement with depth a Fig.
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4: Variations of matric suction with depth at
various elapse times in days at 1.4 m distance
from lime tree
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5: Variations of ground settlement with depth
various elapse times in days at 1.4 m distance
from lime tree
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6: Variations of matric suction with depth at
various elapse times in days at 3.0 m distance
from lime tree
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Fig. 7: Variations of ground settlement with depth Fig. 10: Variations of matric suction with depth at

various elapse times in days at 3.0 m distance various elapse times in days at 7.5 m distance
from lime tree from lime tree
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Fig. 8: Variations of matric suction with depth at Fig. 11: Variations of ground settlement with depth
various elapse times in days at 4.9 m distance various elapse times in days at 7.5 m distance
from lime tree from lime tree
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Fig. 9: Variations of ground settlement with depth  Fig. 12: Va_riations of r_natric. suction with dep_th at
various elapse times in days at 4.9 m distance various elapse times in days at 10.0 m distance
from lime tree from lime tree
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Befarmation fnun) farther away from the tree. From the data gathéwed

P4 6 8 B far the likely safe recommended planting distamoenf

a geotechnical structure taking into consideratios

Lime Tree on boulder clay at Stacey Hall Wolverton,

England and mechanical properties of boulder clay.
Figure 3, 5, 7, 9, 11 and 13 shows ground

movement changes closer to the trunk, at 3.0, 43,

Lepth (m)

o cere i and 10.0 m away from lime tree trunk. The graphs
—=-270 shows an increases as the elapse time increases
50 —— 360 especially for the period of spring/summer soilidgy
e ST period phases of six Months and then decreasesguri
o0 the period of autumn/winter six months rechargeogler
70 due recharging at that period. The elapse timesS@ye

190, 270, 360 and 457 days. The 30 and 190 days the
Fig. 13: Variations of ground settlement with depth  period of spring/summer soil drying period phasés o
various elapse times in days at 7.5 m distanceix months while elapse time of 270 and 360 dags ar

from lime tree the autumn/winter six months recharge period at the
time the matric suction decrease and thereby
DISCUSSION decreasing the deformation due the recharge at that

period of the year.

The magnitude of volume change as a result of The ground settlement that is induced by the soil
vegetative moisture uptake depends much on, ngt oniconsolidation, decreased with depth. The ground
on the rate of transpiration but also to a greastends  settlement is caused by both the root water upsake
on the soil types and its properties such as degfee the evaporation from the soil surface. The resthef
compressibility shrinkage and swelling indices. Thesettlement is assumed to be induced by transpiratio
vegetative induced ground movement might be as &oil matric suction induced by tree root water ipta
result of vegetative moisture induced migration althi propagates radically. The full cycle simulatiomudtric
causes change in strain resulting from an increased suction and deformation provides all year round
matric suction. This partly attributed to root watptake  valuable information on how ground movement
which causes changes in volume of void and porosity changes with elapse time with rainfall data

The results show decrease in ground movement dscorporated. The analysis shows that the rate of
the distance from the trunk increases outwards. Fig potential transpiration increases the soil matuctisn
4, 6, 8, 10 and 12 shows the matric suction chafges and ground settlement, while the potential trardmin
different position of Lime tree to a: closer to titee  rate has an insignificant effect on the distribatad soil
trunk, at 3.0, 4.9, 7.5 and 10.0 m away from tlke® tr suction. Suction at the wilting point increases tod
trunk. The matric suction changes increases as thmatric suction and ground settlement, whereas the
elapsed time increases especially for the period o$aturation permeability decreases the maximum soil
Spring/Summer soil drying period phases of six Nient matric suction generated. The analysis confirmsttie
as shown in Fig. 4 and 6 which are at the treektamd ~ most sensitive parameters, including the trandpinat
3.0m away. Then deceases during the period ofate, the permeability of the soil and its suctainthe
autumn/winter six months recharge. wilting point should be measured or estimated

The graphs tend to behave as if in theaccurately for an acceptable prediction of ground
autumn/winter six months recharge period, the sinkconditions in the vicinity of trees.
term is deactivated, complete full cycle matrictiuc
is presented. The effect of rainfall was includexdfall CONCLUSION
data provided by the Meteorological Office (Buresu
Meteorology, 2006) has been acquired for the neares The matric suction distributions and ground
weather station to the site (Wolverton Hampshire)displacement in context of time elapse in the vigiof
Therefore, the deformation simulation also followedvegetation is presented. The effect of rainfall hasn
almost similar the pattern. incorporated into the simulation study, as studyhis

The matric suction decrease as the distance frorkind is not complete with inclusion of rainfall efits.
the trunk mature Lime tree increases and invarigide The full cycle simulation of matric suction and
deformation also decreased as lateral distanceases deformation provides all year round valuable
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