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ABSTRACT

In Vietnam, the overpopulation and strong economic development require the synchronous de-
velopment of infrastructure such as roads, urban areas, industrial parks, export processing zones,
etc. With such requirements, the development of land fund for infrastructure construction is an
indispensable need. Meanwhile, the appropriate land fund is very limited. Therefore, the land fund
must be developed for areas with little value for agriculture, such as swamps, estuaries, and coastal
areas, etc. These areas often have weak geological conditions; hence, to meet the requirements
of infrastructure construction on the soft ground, it is necessary to carry out soil improvement to
ensure load bearing capacity, total settlement, and consolidation settlement but still ensuring eco-
nomic effectiveness. Beside several conventional methods widely used for soft soil improvement in
order to increase bearing capacity and accelerate consolidation settlement of the ground, geosyn-
thetic reinforced granular column is one of the new methods that has been applied to improving
soft ground in designing practice in the recent years due to the many advantages of this method
compared with other methods. In this paper, based on the unit cell model, the authors research on
deformation behavior of granular column reinforced by geosynthetic encasement through the ana-
lytical analysis by varying external loadings corresponding to column diameter, stiffness of geosyn-
thetic encasement. The settlements of a single geosynthetic encased granular column and load
bearing capacity of the composite foundation are calculated on geological conditions of Ash Pond
Area of Song Hau 1 Thermal Power Plant located in Hau Giang Province. The relationship between
settlement and load bearing capacity with external loadings for different column diameters and
geosynthetic stiffnesses are shown schematically. Other considerations related to factor of safety
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are also presented. The future researches are also proposed.
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INTRODUCTION

There are many methods that have being used to im-
prove soft soil such as granular column, vertical drain,
vacuum preloading, limestone column, soil cement
column, concrete column, etc. Recently, scientists
have proposed a method for soft soil improvement by
geosynthetic encased granular column. This is an ex-
tension of the stone column method. This method has
advantages over granular column due to geosynthetic
granular column derives its loading capacity through
two factors including i) passive pressure from the sur-
rounding soft soil owing to bulging of granular col-
umn ii) additional lateral confinement by considering
the hoop tensile force in the geosynthetic encasement.
Furthermore, geosynthetic prevents clogging of the
granular aggregate by surrounding soft soil, preserves
the drainage and frictional properties of the granular
soils as described by Raithel et al. 2002 !, Alexiew et
al. 20052, Brokemper et al. 20067, Kempfert and Ge-
breselassie 2006 %, Tandel Y.X et al. 2014°, Domenico
Gioffre et al. 2016°.

In this study, the authors use a simple analytical
method developed to estimate the settlement and
bearing capacity of an individual geosynthetic en-
cased granular column and its composite foundation
due to the possible bulging failure mechanism pro-
posed by Murugesan and Rajagopal 20107, The au-
thors investigated the importance of column diame-
ter, tensile stiffness of geosynthetic to the settlement
and bearing capacity. The settlement and bearing ca-
pacity are calculated based on geological conditions
of Ash Pond Area of Song Hau 1 Thermal Power Plant
located in Hau Giang province.

METHODOLOGY

In this paper, the authors apply the unit cell model in-
troduced by Raithel and Kempfert 2000°. The model
is used to calculate settlement and bearing capacity of
geosynthetic encased granular column by using ana-
Iytical solution. The problem is tested in a real project
in Viet Nam. The results then are shown and dis-
cussed.

Cite this article : Quan L, Nhat V D, Bach P T, Ky N V. Deformation behaviour of granular column rein-
forced by geosynthetic encasement. Sci. Tech. Dev. J. — Engineering and Technology; 4(2):948-954.
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ANALYTICAL SOLUTION

Settlement

The proposed analytical method by Raithel and
Kempfert 2000, for the settlement of a geosynthetic
encased granular column reinforced foundation is
based on a unit cell model as present in Figure 1. This
model considers the contribution of geosynthetic en-
casement by providing additional confinement to the

column”’.
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Figure 1: Unit cell model for a geosynthetic encased
column®

The radial stresses in soil and column are given by:

AO'r,c = AO'L'Ku,c + GzO,cKa,c (1)
AO-r,s = AGsKa,s + 070,5Ka s (2)
The radial stress on the geosynthetic encasement is
given by:
Ar,
NGy =J—5° 3)
s

The radial stress difference between the column and
the soil which represents the partial mobilization of
the passive earth pressure in the surrounding soft soil
is computed by Jie-Han 2015°:

AGr = Or,c — Or;s — Org (4)

The radial displacement, Arc is computed by:

Ao, [ 1
Are = o (%_1) e (5)

The settlement of the soft soil, Ssl is computed by:

AGS 2 Vs
Ss1 = ~
Dy E* \1—vg

) AG,:| h (6)
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The settlement of the column, Scl is computed by:

Sq =1 re h
T ey v

Here:

0 0,c= overburden stress of the column

G0,s= overburden stress of the soil

O = radial stress in the column by the overburden
stress of the column

0= radial stress in the soil by the overburden stress
of the column

O ¢= radial stress on the geosynthetic encasement
(additional confining stress)

K= active earth pressure coefficient in the column
Kj 5= at-rest earth pressure coefficient in the soil

J = tensile stiffness of geosynthetic encasement

h = thickness of the soil or length of the column

r¢= radius of the geosynthetic encasement

re= radius of the column

E*= derive from elastic modulus of the soil

The details analytical solution for settlement of the
column can be found in Jie-Han 2015°.

Bearing capacity

Murugesan and Rajagopal 20107 considered an ad-
ditional confinement by geosynthetic encasement for
an ultimate bearing capacity of an individual column
due to possible bulging failure with a bulging length
of four times the column diameter as follow:

Quit,c = (oy0 +4cy + Gng)Kp (8)

And the ultimate bearing capacity of the composite
foundation based on the ultimate bearing capacities
of the soil and the individual column, and the area re-
placement ratio using equation is given as follows:

Quit = Guit,cds + qmt,s(l - as) ©)]

The factor of safety can be computed by:

Fs= 2t
P

(10)
Here:

0,0 = radial soil stress induced by the overburden
stress at the middle point of the column bulging
length.

K, = coefficient of passive earth pressure of the col-
umn.

¢,= undrained shear strength of the soil.

quir s = ultimate bearing capacity of the surrounding
soil.

= external applied load

a, = area replacement ratio.

The details analytical solution for bearing capacity can
be found in Jie-Han 2015°.
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CASE STUDY

An introduction of project

The Song Hau 1 Thermal Power Plant is located in
the Song Hau Power Complex situated in Hau Giang
Province. The layout plan of the complex is an approx-
imately occupied area of the total 115.2 hectares. The
facilities can be divided into several blocks in accor-
dance with the location of the plant facilities, includ-
ing the main power plant island, Coal storage yard
and balance of Plant, switchyard area, and ash pond
area and various buildings, etc. This study presents
the ground improvement analysis of soft soil ground
under the dyke of the ash pond. The required ser-
vice loading is 20 kN/m? and 5 m height for Dyke
after completion of soft soil improvement. The max-
imum allowable total settlement is 2.3 m. The allow-
able factor of safety for bearing capacity of the com-

posite foundation is greater than 2111,

Geological Conditions

A series of calculation was carried out based on ma-
terial parameters of column presented in Table 1 and
soil parameters presented in Table 2 '%!! for Ash Pond
Area.

Results and discussion
Effect of diameter of column

It can be seen in Figure 2 the stress — settlement re-
sponse of 0.6 m diameter. The settlement is found to
be increasing corresponding to an increase of verti-
cal stress. The settlement at stress of 100 kN/m? is
found lower than 2 to 5 times correspondingly to ver-
tical stress at 200, 300, 400 kN/m?.

Vertical Stress (kKN/m?)
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04
5 1500 e
= .
“ 2000
2500 [ 4 =06ms=12m
3000 L.=16m; =500 kN/m

Figure 2: Stress - Settlement response of 0.6 m di-
ameter

Figure 3 shows the relationship between the verti-
cal stresses - factor of safety against bearing failure
of the composite foundation of 0.6 m diameter. The

factor of safety decreases with increasing the vertical
stress, respectively. The factor of safety reduces cor-
respondingly to an increase of the settlement of the
column and vice versa. It is found that the factor of
safety at 100 kN/m? higher than 2, 3, 4 times of fac-
tor of safety corresponding to stresses at 200, 300, 400
kN/m?. It can be seen in Figure 3 that vertical stress
is found lower than 230 kN/m? leading to factor of
safety higher than 2 times and meeting requirements
of the project.

Vertical stress (KN/m?)
100 150 200 250 300 350 400 450

Safety factor
-

d.=06m;s =12m

L.=16m;J =500kN/m

Figure 3: Stress — Safety factor response

Figure 4 shows the settlement - stress responses of 0.6
m, 0.8 m, 1.0 m diameter columns and tensile stiffness
of ] = 500 kN/m. The settlements have also shown
similar trends of increasing with an increase of ver-
tical stress. The settlement of column reduces with
an increase of the diameters at the same vertical stress
and tensile stiffness of geosynthetic.

Asindicated in Figure 4, the settlement of 0.6 m diam-
eter column is found higher than settlement of 0.8 m
diameter column from 2 down to 1.6 times and higher
than settlement of 1.0 m diameter column from 6.6
down to 3 times. The settlement of 0.8 m diameter
column is higher than settlement of 1.0 m diameter
column from 3.2 down to 1.9 times.

Figure 5 shows the comparative relationship between
the vertical stress - factor of safety against bearing fail-
ure of the composite foundation with 0.6 m, 0.8 m, 1.0
m of diameter column. The curves also show similar
trends of decreasing with an increase of vertical stress.
The factor of safety increases with an increase of diam-
eter at the same vertical stress and tensile stiffness of
geosynthetic. The factor of safety in case of 0.8 m di-
ameter is found higher than factor of safety in case of
0.6 m diameter about 1.3 times. The factor of safety in
case of 1.0 m diameter is found higher than factor of
safety of 0.6 m about 1.7 times. The factor of safety in
case of 1.0 m diameter is found higher than it of 0.8 m
diameter about 1.2 times. It is shown that the column
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Table 1: Material of column and its parameters

Material Type ysat (kN/m?3) E (kN/m?) ¢ (0) v
Coarse sand 19.1 40,000 400 0.3
Table 2: Soil layers and its parameters of the ground site
Soil Type Filling Soil Very soft Clay Stiff Clay Very stiff Clay
Depth (m) 1.5 14.5 17.0 42.0
¥ (kN/m?) 15.1 15.2 17.4 19
E (kN/m?) - 420 - -
¢ (kN/m?) - 9.7 18.4 20.1
) = 30 59’ 100 25° 170 40°
v 0.35 0.35 0.35 0.35
T Effect of tensile stiffness of geosynthetic
0 50 100 150 200 250 300 350 400 450 ) .
0 W g Figure 6 shows vertical stress — settlement responses
TRl -~
500 MY S of the column for different values of tensile stiffness
£ 000 o T —e of 1 m column diameter. As can be seen, stress on
2 - o . . . . :
2 500 .. = column increases with an increase of tensile stiffness
=1 A B¢ . . L
3 . of geosynthetic. The hoop stress in geosynthetic in-
2000
si=l2m creases, it leads to increasing in confining pressures in
it M the column as described by Murugesan and Rajagopal
J =500kN/m
3000 - do=06m - X— do08m —e— do=10m 2006 '2. Hence, the column with higher tensile stiff-

Figure 4: Settlement - Stress response for different
diameters

with higher diameter will increase the bearing capac-
ity of composite foundation. As can be seen in Fig-
ure 5, vertical stress is found lower than 200 kN/m?
leading to factor of safety higher than 2 times for all
curves and meeting requirements of the project.

Vertical stress (KN/m?)
200 250 300 350 400 450

Safety factor

s=12m

L.=16m
J=500kN/m
—4—dc=06m — X— dc=08m --®--dec=1m

Figure 5: Stress — Safety factor response for different
diameters
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ness will induce larger confining pressures, leading to
a stiffer and stronger response of the column .

As indicated in Figure 6, the settlement of column
at 500 kN/m tensile stiffness is higher than that at
1000 kN/m tensile stiffness from 1.16 to 1.2 times and
higher at 1500 kN/m tensile stiffness from 1.35 to 1.4
times. The settlement of column at 1000 kN/m ten-
sile stiffness is higher than that at 1500 kN/m tensile
stiffness from 1.16 to 1.4 times. The variation of set-
tlement slightly increases with an increase of vertical
tress.

Vertical Stress (kN/m?)
0 50 100 150 200 250 300 350 400 450
0 B T
N
N
N T Ay
‘.~
S
N K
d.=1.0m o
1000 s =12m
L.=16m
1200
~=®--J=500kN/m — %= J=1000 kN/m —— J= 1500 KN/m

Figure 6: Settlement - Stress response for different
tensile stiffness
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Figure 7 shows the relationship between the vertical
stresses - factor of safety against bearing failure of the
composite foundation for different tensile stiffness.
The factor of safety also shows the similar trend with
an increase of tensile stiffness of the column and vice
versa. It is shown that the geosynthetic with higher
stiffness has a higher bearing capacity of composite
foundation. The factor of safety in case of 500 kN/m
tensile stiffness is found lower than that of 1000 kN/m
and 1500 kN/m tensile stiffness about 1.8 times and
2.6 times, respectively, corresponding to stresses at
100, 200, 300, 400 kN/m2. The factor of safety of
1000 kN/m tensile stiffness is found lower than that
of 1500 kN/m tensile stiffness about 1.45 times corre-
sponding to stresses of 100, 200, 300, 400 kN/m2. It
is shown that the column with higher tensile stiffness
of geosynthetic will increase the bearing capacity of
composite foundation.

Vertical stress (kN/m?)
100 150 200 250 300 350 400 450

3
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8
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24
—— J=500kN/m = X— J=1000kN/m =--®--J=1500kN/m

Figure 7: Stress - Safety factor response for different
tensile stiffness

CONCLUSIONS

From the analytical results, some main conclusions
can be taken:

o The settlement increases from 2 to 5 times while
factor of safety decreases from 2 to 4 times cor-
respondingly with an increase of vertical stress
varying from 200 to 400 kN/m? in case of 0.6 m
diammeter.

o In case of diameter varying from 0.6m up to
1.2m, the settlement of column decreases con-
tinuously from maximum of 6.6 times down to
1.6 times, respectively; factor of safety increases
from 1.3 to 1.7 times correspondingly with in-
creasing diameter of column.

« The variation of settlement slightly decreases
from 1.4 to 1.16 times while factor of safety in-
creases from 1.8 to 2.6 times for different values
of tensile stiffness from 500 to 1500 kN/m.

« Through this investigation, the importance role
of diameter and tensile stiffness of granular col-
umn reinforcement by geosynthetic are shown.

FUTURE WORK

« Study on deformation behavior of GEC by ana-
Iytical method and numerical method.

« Study on deformation behavior of GEC by con-
sidering the impact of interface area between
geosynthetic and soil, geosynthetic and column.

« Study on deformation behavior of GEC by con-
sidering the effect of geosynthetic reinforcement
length.

« Study on the effect of internal friction angle and
cohesive of column materials to its bearing ca-

pacity.
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Ung xtr bién dang ctia coc hat r&i boc vai dia ky thuat
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Tai Viét nam, su bung né dan s va phat trién manh mé ctia nén kinh té doi hai phai co su phat
trién déng bod co s& ha tng nhu hé théng dudng bo, dé thi, khu cdng nghiép v.v. V&i nhu cau do,
viéc phat trién quy dat phuc vu cho phét trién co s& ha tang la tat yéu. Trong khi dé, quy dat con
lai r&t han ché. B&i vay, phai phat trién quy dat ra cac khu vuc nhu dam 1y, clra séng, ven bién v.v.
Bay la cac khu vuc it cé gia tri vé ndng nghiép, nudi trong thiy hai san. Cac khu vuc nay thudng
c6 diéu kién dia chat yéu; do do, dé dam bao an toan cho viéc xay dung ca s& ha tang thi can thiét
phai tién hanh cac bién phap cdi tao nén dat yéu nham ddm bao stc chiu tai, do in téng, d6 Iun
c6 két nhung van phai dam bao hiéu qua kinh té.

Bén canh c4c phuong phap thong thudng da dugc st dung réng rai dé cai tao dat yéu nham tang
kha nang chiu tai va rdt ngan t6c do 1Un cé két ctia nén dat, coc hat rai boc vai dia ki thuat la mot
trong nhimg phuong phap mdi dugc dp dung trong thuc hanh thiét ké cai tao dat yéu trong nhiing
nam gan day nhd cac uu diém vugt troi clia né so vai cac phuong phap khac. Trong bai bao nay,
nhom tac gia dua trén mo hinh lang tru dé nghién cliu Ung x(r bién dang clia coc hat r&i boc vai
dia ky thuat théng qua tinh toan gidi tich bang cach thay ddi tai trong thang ding ctia ngoai luc
tuang Ung vdi ting dudng kinh coc va dé cing cla vai boc dia ky thuat. 6 1un cla coc don va
stic chiu tai clia t6 hap coc va dat dudc tinh toan dua trén diéu kién dia chat ctia khu vuc bé chia
xi than Nha may nhiét dién Séng Hau 1 tai tinh Hau Giang. Quan hé gilra bién dang ldn va stc chiu
tai vd&i tac dong clia ngoai luc déi véi cac gia tri duang kinh khac nhau, dé cling clia vai dia ky thuat
khac nhau dugc trinh bay dudi dang dé thi. Cac van dé lién quan dén hé s6 an toan cling dugc
trinh bay trong bai bdo. Cac nghién clu tiép theo trong tuong lai dugc dé xudt.

Turkhoa: coc boc vai dia ky thuat, dat yéu, dé lin, Ung xuét thang ding
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