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1. Introduction

carried out in coastal regions to develop many kinds of

infrastructures such as ports, airports, new towns, industrial

A large number of reclamation projects have been
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ABSTRACT

In general, ground surface strengthening such as using geotextile is needed to secure trafficability of construction equipment.
There are many researches for mechanical beha—vior of very soft ground covered with geotextile, however, most of them
are under the condition to fix geotextile completely. In this study, numerical analyses were carried out to figure out the
effects of restricting conditions of geotextile on bearing mechanism of very soft ground covered with geotextile. In numerical
analyses, joint elements were used to figure out the friction properties between ground and geotextile. The results of numerical
analyses were compared with the results of model test. In conclusion, the effects of restricting conditions of geotextile on
bearing mechanism of very soft ground covered with geotextile became clear.
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impossible that construction equipments used to develop

complexes and agricultural fields by spreading sand or equipment.
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clay on the very soft ground in recent years. It is usually

the very soft ground enter the very soft ground area.
Therefore, ground surface strengthening such as using

geotextile is needed to secure trafficability of construction



There are many researches (Fukusumi et al, 1967;
Yamanouchi et al, 1979; Watari et al, 1986, Ahn et al,
2008, 2009, 2010a, 2010b) for mechanical behavior of
very soft ground covered with geotextile. However, most
of them are under the condition to fix geotextile com-
pletely. Although the end region of getextile is fixed gen-
erally, tensile force at geotextile occurs by embankment
and geotextile moves retaining constant confining force
being at the breaking point.

The purpose of this paper is to clarify effects of re-
stricting conditions of geotextile on bearing mechanism
of very soft ground covered with geotextile through nu-
merical analyses. Numerical analyses applying the joint
elements are carried out to consider the slip between
ground and geotextile which occurs if the shear stress
exceeds the frictional resistance. The results of numerical
analyses are compared with the results of model test
which was carried out under the complete fixed condition
and three kinds of partial fixed conditions. After verifi-
cation of numerical analysis method, Effects of shear
strength of joint elements and initial tensile force of
geotextile on bearing mechanism of very soft ground
covered with geotextile are figured out to the effects of

restricting conditions of geotextile on it.

2. Outline of model test

Fig. 1 shows the outline of model test for bearing
capacity of very soft clay ground covered with geotextile
(Ham et al., 2008, 2009). The soil box used in this model
test is 2 meters in length, 1 meter in height and 0.5 meters
in width. The soils used in the model test are dredged
clays in Kwangyang port, Korea. Table 1 shows the
physical properties of the Kwangyang clay. After remolding
under the about 2.5 times of liquid limit, the soil box was
filled with this clays. The vane shear test revealed that
undrained shear strength is about 1 KN/m’.

A loading plate which had 0.1 meter in width was put
on the center of the geotextile as shown in Fig. 1. Loading
pressure was measured by load cell and displacement was
measured by LVDT.
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Fig. 1. Outline of model test

Table 1. Physical property of the Kwangyang clay

Specific Unit weight Liquid limit Plastic limit
gravity (kN/m®) (%) (%)
2,65 16.82 459 217

Table 2. Result of wide width tensile test for geotextile

Test No Wide width tensile strength Tensile strain
] (kN/m) (%)
1 33,94 o1
2 36.10 6.5
3 37.28 169
4 32,37 207
° 37.38 173
Average 35.41 16.0

Moreover, wide width tensile test was carried out to
figure out maximum tensile strength and tensile strain.
Table 2 shows the result of wide width tensile test for
geotextile. As a result, the rigidity of geotextile is about
220 kN/m.

The boundary conditions of geotextile are divided by
the complete fixed condition and the partial fixed con-
dition. The complete fixed condition is that the both end
regions are fixed by clamp and the partial condition is
to provide preloading to geotextile by weight. In the partial
fixed conditions, three kinds of weights which are 23 kegf,
55.6 kgf and 85.6 kgf are used in model test.

3. Analytical method

In the numerical analyses, an elastoplastic finite element

analysis was applied. Ground material was modeled by



the elastoplastic ground based on the von Mises criterion
because it is very soft clay which water content is very
high and permeability is very low. In numerical analysis,
return mapping algorithms (Ortiz et al, 1986) and displac-
ement controlled by Arc Length Method (Crisfield, 1981)
are used to get a stable value until residual displacement
state. Geotextile is modeled by cable elements to consider
effect of tensile force because bending rigidity and com-
pressive rigidity is very small. Joint elements are also
used to consider the slip between ground and geotextile
which occurs if the shear stress exceeds the frictional

resistance.

3.1 Constitutive model of joint element

Fig. 2 shows joint element under the plane strain
condition. In this figure, node 1 and node 4 have same
coordinates as and node 2 and node 3 under the initial
condition, respectively. Therefore, the thickness of this
element is O in the analytical model. The relative dis-

placement vector of joint element is defined as follow.

daw,
{dw} = { T } Q)

n

Here, dws and dw, represent, respectively, the relative
displacement joint. Interpolated relationship between the
incremental vector of displacement and the relative dis-

placement increment is as follows.

{dw} =B, Jldu} Q)

Yy A

v

Fig. 2. Joint element under the plane strain condition
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Incremental vector of stress of joint element is defined

as follow.

do,
{do} ={d0 } 4

n

where dos and do, are shear stress increment and vertical
stress increment, respectively. Mechanical characteristic
of joint elements can be expressed by on the supposition
that the relationship between the relative displacement

increment and the relative stress increment is as Eq. (5).

{do} =|D, faw} 5)
B O ©)
J Dj 21 Dj 22

Stiffness matrix of element is calculated by following

equation based on principle of virtual work.

[k, 1= 8,]Ip, 8, v )

Stiffness matrix of element under the plane strain con-

dition is, therefore,

ZD/ Dj - Dj - ZD./‘
K] 1| b, 2D, -2D, -D,
*“"6|-D, -2D, 2D, D, ®)

-D, D, 2D,

J J

3.2 Modeling of fictional characteristic

Generally model of shear strength is determined as

follow based on coulomb’s law of friction

o,=c+o, tang ©)
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Fig. 5. Analytical model of end region of geotextile

Here o5, 04, ¢ and @ are stress at shear direction, stress

at vertical direction, cohesion and friction angle, respectively.

Fig. 3 shows the relationship between the relative
displacement at shear direction and shear stress. K is the
gradient of the relationship between o; and Ws. It also
means the shear stiffness of joint element. When linear
relationship like line in Fig. 5 is given, if K¢ has very
great value, the relative displacement does not occur, in
other words, the elements combined by joint element behave
like one element until reaching Tmax. After reaching Tmax,

W; increases without increase of shear stress, in other
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word, slip of joint element can be expressed. However,
if K¢ has very great value, the number of repeat cal-
culation resulted from the sharp change of shear stiffness
increase remarkably at the point to change area of linear
relationship to area of occurring slip of joint element.
Here, dotted line in this figure is the relationship which
shear stiffness becomes smaller and relative displacement
becomes bigger and they also approach zero when Ws
has small value. This relationship can be expressed by

following equation.

w. "
o, =T, l—ex{— : J
W, (10)

W,=3x10"*,m=0.5

Shear stiffness for relative displacement is

do_s Tmax xm Ws !
ks = = T—m m —eX - (1 1)
dW? W.S‘ X WO Wo

4, Outline of numerical analysis

Fig. 4 shows an analytic model. Area of analytical
model is the half section which the center of the loading
plate is a symmetric axis to consider symmetry. Length
and depth of the model ground are 1 meter and 0.8
meters. The boundary condition is that right side and left
side are rollers which are free in vertical direction and
bottom of the model ground is also roller which is free
in horizontal direction. Further, the cable element modeling
geotextile is arranged on the model ground surface. In
numerical analysis, uniform load which is different from
model test was used as loading method.

Fig. 5 shows modeling of end region of geotextile. In
this figure, line is a geotextile and area surrounded by
dotted line is joint element. In this figure, joint element
has a thickness to pick it out although in reality it does
not have thickness. Joint element arranged under geotextile

is to evaluate the friction between ground and geotextile.



Table 3. Analytical parameters

Eo A% C
Ground 8 0.45 1 0
Geotextile EA=220 T=34

Eo(kN/m?) : modulus of elasticity, v :Poisson’s ratio, c(kN/m) :
cohesion, ¢(deg) : internal fiction angle, EA(KN/m) : tensile stifiness,
T(kN/m) : tensile strength

Table 4. Analytical cases

Analytical case F (kN/m?) Initial tensile force (kN)
RF-1 0.05
RF-2 0.2
RF-3 0.4 1.09
RF=4 0.6
RF-5 0.8

Geotextile is fixed only in vertical direction and joint
element is fixed completely shown in Fig. 5.

Table 3 shows the parameters of model ground and
geotexlile. Results of vane shear test and wide width
tensile test are used for cohesion of ground and tensile

strength and stiffness of geotextile.

5. Effects of shear strength of joint
element on mechanical behavior

In this chapter, numerical analysis using joint element
are carried out to estimate the effects of restricting con-
dition of geotextile on the bearing mechanism of very soft
ground covered with geotextile.

Table 4 shows analytical cases. Fj is shear strength of
joint element. Analytical cases are which angle of shearing
resistance has fixed value 0° and shear strength of joint
element is changed. Initial tensile force of geotextile is
given to repeat result of model test in partial fixed con-
ditions using 55.6 kgf weight. However, the area where
tensile force occurs becomes smaller because the shape
of geotextile used in this test is like net. Therefore, tensile
force occurs bigger than 55.6 kgf in experiment case
using 55.6 kgf weight. Initial tensile force of geotextile
is given 111.2 kgf because it was estimated twice as 55.6
kgf weight in the analytical result.

Fig. 6 shows analytical results and experimental result
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Fig. 6. Analytical results and experimental result on S—P curve
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Fig. 7. Relative displacement of joint elements

on load-settlement curve. In this figure, lines stand for
analytical results and point stands for experimental result.
RF-3 almost corresponds with experimental result. And
the gradients of load-settlement curves for all of analytical
cases are same until settlement reaches 5 cm. However,
they increase shapely according to shear strength of joint
element due to the increase of settlement.

Fig. 7 shows relative displacement of joint elements
when loading pressure reaches 25 kN/m’. The positive
direction is when geotextile slips in the direction of
loading plate. In case of RF-3, the slip occurs at almost
whole geotextile. The gradient of load-settlement changes
sharply when loading pressure reaches 25 kN/m’ in case
of RF-3. Therefore, it is because of slip of geotextile. In
cases of RF-4 and RF-5, the relative displacement of geo-
textile occurs from the area where is 20 cm apart from
the center of the loading plate. Therefore, the gradients
of load-settlement do not change when loading plate

reaches 25 kN/m” shown in Fig. 6.
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Fig. 10. Distribution of vertical stress in case of RF—3

Figs. 8 and 9 show tensile force at several spots due
to loading pressure in case of RF-3 and RF-5, respectively.
In case of RF-5, tensile force increases linearly due to
the increase of loading pressure at whole spots. However,
tensile force does not increase largely at the end region
of geotextile where slip of geotextile occurs. In case of
RF-3, the increased percentage of tensile force becomes
smaller because slip of geotextile occurs at whole spots
of geotextile after loading plate reaches 25 KN/m’.
Therefore, the gradient of load-settlement curves in case of
RF-3 increases sharply shown in Fig. 6 because tensile
force of geotextile does not increase due to the increase
of loading pressure after slip of geotextile occurs.

Fig. 10 shows distribution of vertical stress on the
surface of ground in case of RF-3 when loading pressure
reaches 10, 20, 25 and 30 kN/m’. The maximum tensile
force also occurs around the edge of loading plate. And
vertical stress formed right side of loading plate where

does not receive loading pressure deceases sharply. This
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Fig. 11. Distribution of vertical stress in case of RF-5

is because dispersive effect of geotextile becomes smaller
due to the slip of geotextile. Therefore, dispersive effect
of geotextile is under the control by the slip of geotextile.

Fig. 11 shows distribution of vertical stress on the
surface of ground in case of RF-5 when loading pressure
reaches 10, 20, 25 and 30 kN/m’. When the loading pres-
sure reaches 10 kN/m’, vertical stress is bigger than RF-3
because slip of geotextile does not occur. However, dis-
persive effect of geotextile becomes smaller due to the
increase of loading pressure even though it is bigger than
RF-3.

6. Effects of initial tensile force of
geotextile on mechanical behavior

Table 5 shows analytical cases. R is the analytical case
which geotextile is completely fixed. Other analytical cases
which angle of shearing resistance and shear strength of

joint element are fixed by value 0° and 0.4 KN/, respect-



Table 5. Analytical cases

Analytical F Initial tensile | Boundary condition of

case (kN/m?) force (kgf) geotextile

R 0.4 Complete Fixed
RT—1
RT-2 46
RT-3 0.4 1712 Partial fixed
RT-4 408
RT-5 816
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Fig. 12. Analytical results and experimental result on S—P
curve

ively, and initial tensile force of geotextile is changed.
Five cases are given including RT-2 and RT-3 to repeat
result of model test in partial fixed conditions using 23
kgf and 85.6 kgf weights, respectively.

Fig. 12 shows analytical results and experimental result
on load-settlement curve. In this figure, lines stand for
analytical results and points stand for experimental
results. Experimental results are under the partial fixed
conditions which 23 kgf, 55.6 kgf and 85.6 kgf weight
are used in model test. Analytical results in cases of RT-2,
RF-3 and RT-3 almost correspond with experimental results
even though RT-2 is little different from experimental
result. The gradients of load-settlement curves become
smaller due to the increase of initial tensile force of
geotextile. Especially, the gradients of load-settlement
curves in cases of RT-4 and RT-5 are smaller than R until
the maximum settlement of ground reaches about 7 cm.
However, they are not changed in cases of RT-4 and
RT-5 as compared with case of R which it becomes
smaller due to the increase of loading pressure. Then they

become bigger exceeding the limitation.
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Fig. 14. Distribution of vertical stress on the surface in case of R

Fig. 13 shows relative displacement of joint elements
when loading pressure reaches 25 KN/m’. In case of RT-2,
slip of geotextile occurs at almost whole geotextile. In
case of RT-3, the relative displacement of geotextile occurs
from the area where is 30 cm apart from the center of
the loading plate. In cases of RT-4 and RT-5, slip of
geotextile almost does not occur even though the relative
displacement occurs very little around the edge of geo-
textile. Therefore, slip of geotextile becomes smaller due
to the increase of initial tensile force of geotextile. Because
initial tensile force of geotextile resists pull out force of
geotextile.

Fig. 14 shows the distribution of vertical stress on the
surface of the model ground in case of R. Vertical stress
is when loading pressures are 20 kN/m’, 40 kN/m’, 60
kN/m” and 100 kN/m’. The maximum vertical stress
occurs at the left side of model, in other word, the center
of the model ground. Remarkable vertical stress is also
formed right side of loading plate where does not receive
loading pressure because of dispersive effect of geotextile.

Fig. 15 shows distribution of vertical stress on the
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Fig. 17. Distribution of tensile force of geotextile in case of R

surface of ground in case of RT-5 when loading pressure
reaches 20, 40, 60 and 100 kN/m”. The maximum vertical
stress also occurs at the left side of model, in other word,
the center of the model ground. Dispersive effect becomes
smaller when loading pressure reaches 100 KN/m’.

Fig. 16 shows vertical stress of ground surface in cases
of R and RT-5 to figure out the difference of dispersive
effect of geotextile between them. Spots are 0.25 cm,
5.25 cm, 9.75 cm and 48 cm from the left side model
ground. In case of RT-5, vertical stress occurs smaller
than R due to the big initial tensile force. However, Burden
of ground becomes bigger due to the slip of geotextile.
Therefore, the maximum vertical stress becomes bigger
than R and vertical stress at the spot which is 48 ¢cm from
the left side model ground after loading pressure reaches
80 kN/m’. In other words, dispersive effect of RT-5 be-
comes smaller than R after loading pressure reaches 80
kN/m” due to the slip of geotextile.

Fig. 17 shows the distribution of tensile force of geo-
textile in case of R. Tensile force of geotextile is when

loading pressure reaches 20, 40, 60 and 100 KN/m”. The
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Fig. 18, Distribution of tensile force of geotextile in case of RT-5

maximum tensile force occurs around the edge of loading
plate. Remarkable tensile force is also formed right side
of loading plate where does not receive loading pressure
by the dispersive effect of geotextile. Therefore, the gradient
of load-settlement curves in case of R becomes smaller
due to the increase of loading pressure shown as Fig. 12.

Fig. 18 shows distribution of tensile force of geo-
textile in case of RF-5 when loading pressure reaches 20,
40, 60 and 100 kN/m’. Tensile force which is almost same
as initial tensile force occurs at whole geotextile until
Dispersive effect of geotextile is bigger than R shown as
Fig. 9 until loading pressure reaches 60 KN/m’.

Fig. 19 shows tensile force of geotextile in several
spots in cases of R and RT-5. Spots are 0.25 cm, 5.25
cm, 9.75 cm and 48 cm from the left side model ground.
In case of RT-5, tensile force is bigger than R until
loading pressure reaches about 80 KN/m’. However, in
case of RT-5, tensile force of geotextile almost does not
increase due to the increase of loading pressure. Because
stiffness of geotextile becomes bigger due to the big initial

tensile force, small settlement occurs. Therefore, tensile
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Fig. 19. Tensile force at several spots in cases of RT-5 and R

force does not increase due to the increase of loading
pressure until loading pressure reaches about 80 KN/m’.
After loading pressure reaches 80 kN/m’, tensile force of
geotextile does not increase due to slip of geotextile. In
case of R, by contrast, it increases linearly due to the
increase of loading pressure. And in case of RT-5, it
becomes smaller than R after loading pressure reaches
about 80 kN/m”. Therefore, the bigger dispersive effect in
partial fixed condition with big initial tensile force could
be expected than in complete fixed condition until a certain

limitation because the bigger tensile force occurs.

7. Conclusion

Numerical analyses were carried out to figure out effects
of restricting condition of geotextile on bearing mechanism
of very soft ground covered with geotextile.

Main conclusions in this paper can be summarized as

follows;

(1) Numerical analysis method proposed by authors could
depict model test on very soft ground covered with
geotextile.

(2) Due to increase of tensile strength between ground
and geotextile and initial tensile force of geotextile,
fictional resistance of geotextile and dispersive effect
of geotextile becomes bigger.

(3) In partial fixed condition which initial tensile force
exceeds the limitation, gradients of load-settlement
curves are smaller than in complete fixed condition
in initial loading steps. However, it becomes smaller

than in complete fixed condition because dispersive

10.

11.

effect of geotextile becomes smaller due to slip of

geotextile.
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