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Abstract

This paper investigates the performance of stone columns in soft soil of Al-Nassiriya
city (one of Iraqi cities in the south). A geotechnical study of physical and mechanical
properties of the soil has been carried out for a selected areas from Al-Nassiriya city. A finite
difference Matlab program has been employed in simulation of installing stone columns in the
aforementioned soil. Results of the study illustrate using stone columns reduces the
settlement of the soil for different values of the modular ratio and replacement ratio, thus
the Wmax maximum settlement ratio changes from 30% to 16% of the modular ratios (E.-
/Es)=10 and 50 respectively. The effect of spacing and column width is taken into
consideration.

All results are reasonable and harmonic with most last studies.
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1. Introduction

Al-Nassiriyah city, the centre (capital) of Thi-Qar governorate is situated in the south of
Iraq at about 225 miles (370 km) southeast of Baghdad. Recently many engineering projects
have been performed as a result to rebuilding movement in Thi-Qar province. The basic
construction problem is related to the foundation because the soil is soft and the underground
water exists at shallow depth of the soil.

Based on our site observations, stone columns are adopted to increase load carrying
capacity and reduce the total settlement In addition to the advantage of getting a drainage path
for solving a problem of high underground water.

The main objectives for using stone column in soil reinforcement are, to increase the
bearing capacity, reduce settlement, improve slope stability and the resistance to liquefaction
(Greenwood ,1970; Baumann & Bauer,1974; Hughes, J. M. 0. & Withers ,1974; Priebe, 1976;
Madhav & Vitkar,1978; Goughnour & Bayuk ,1979; Balaam & Booker ,1981; Schweiger &
Pande ,1986; and Canetta, & Nova,1989). In 2010 Deb studied the advantage of providing a
drainage path ( as stone column behaves similar to sand column ). Moreover soil
reinforcement by stone column can be considered as a very economic solution for soil
improvement (Al-Obaidy 2000).

A number of publications have been written on the development of theoretical solutions
for estimating settlement and bearing capacity of soft soils reinforced by stone columns.
Many researchers simulated their studies of stone columns by finite element method, see :
Acharya, et al, 2005; Al-Obaidy, 2005; Elshazly et al 2007& 2008; Frikha et al 2008; Sadek
and Shahrour 2008; and Hassen et al, 2010. Whereas others introduced their numerical model
using finite difference method such as: Buggy et al,1994; Taberlet et al, 2006; Deb et al,
2007; El Shamy, 2007; Han et al, 2007; Murali, et al 2007; and Deb, 2010.

A granular layer of sand or gravel is usually placed over top of the stone columns
(Mitchell, 1981) as shown in Figure (1). This granular layer or sand bed acts as drainage layer
and also distributes the stresses coming from the embankments.. The embankment has been
modeled by Pasternak shear layer with variable thickness as proposed by Sharma in 1989.
The granular layer and the soft soil have been idealized by the Pasternak shear layer and
spring-dashpot system, respectively as described by Shukla and Chandra , 1994 :[see

Figure (2)].

In the present study, the mechanical model shown in Figure (2) have been adopted and a

numerical study is conducted to investigate the efficiency of installing stone columns in Al-
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Nasiriyah city soil in increasing load carrying capacity and reducing the amount of settlement
of the soil.

In the present paper, there are two steps, The first one is performing laboratory tests to
get the input data which represent the case of Al-Nasiriyah city soil and then using these data
in the second step. The second one is programming the case study using Matlab program to
simulate the case of Al-Nasiriyah soil improvement by reinforcing it by stone columns have

different modular ratio and replacement area.
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Figure(1). A granular fill-stone column-reinforced soft soil system.
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Figure (2). The mechanical Model (Pasternak shear layer-stiffer spring-spring & dashpot).

2. Soil properties from experiments

Soil specimen has been taken from bore holes in Al -Shumukh area in Al-Nasiriyah city
and number of soil samples have been tested. The laboratory tests are carried out in the
National Centre For Construction Laboratories (NCCL) at Thi-Qar governorate & the soil

mechanics laboratory at Civil Engineering Department, College of Engineering, University of
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Baghdad. The geotechnical properties for soil are determined according to the American
society for testing and material (1984) and standard procedures adopted by the British
standard (BS1377; 1975).

Figure (3) shows the soil profile for site study, while Table(1) represents a complete
summary of all laboratory test results which belong to Al- Shumukh area soil which has been

simulated to be reinforced with stone column.

N.G.L
Sandy silty clay, High liquid, plastic A\ G

Clay=52%, silt=46%, sand=2%

Sandy silty clay, High liquid, plastic
Clay=49%, silt=45%, sand=6%

Sandy clayey silt, High liquid, plastic
Clay=41%, silt=53%, sand=6%

Sandy silty clay, High liquid, plastic
Clay=46%, silt=45%, sand=9%

Sandy clayey silt, High liquid, plastic
Clay=33%, silt=60%, sand=7%

Sandy clayey silt, intermediate liquid, plastic
Clay=24%, silt=62%, sand=14%

Sandy clayey silt, intermediate liquid, plastic
Clay=25%, silt=60%, sand=15%

Sandy silty clay, High liquid, plastic
Clay=47%, silt=38%, sand=15%

Figure(3). Al -Shumukh area soil profile.
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Table (1). The physical and mechanical properties of the soil of Al -Shumukh site in
Al-Nasiriyah city.

Total
Depth of Specific . Swelling Mechanical
Index tests density

sample (m) gravity potential Properties

glem®

3.Theoretical analysis
The uniform load of intensity (q) which is applied on the foundation of 2B width at time
(t>0)is expressed by Deb et al in 2007 for the same mechanical visco - elastic model shown in

Figure (2) as follow:

0w
=q, - GH 1
q=q, P (1)

Where:

Qs Vertical stress acting on the saturated soft foundation soil

H: thickness of the granular layer placed over the soft soil

w (x,t): vertical displacement

G: shear modulus of the granular layer which can be expressed based on hyperbolic shear
stress- shear strain response proposed by Gosh and Madhav (1994) as:

GO

2

[l+ Go/a%X]
z-U

Where Gy and 7, : initial modulus of the shear layer and ultimate shear resistance of the

granular layer respectively.
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The vertical stress gs at time (t>0) considering the hyperboilic non-linear stress-displacement
relationship and the consolidation effect of the soft soil can be expressed as Deb et al in 2007
as the following equation:

KW
UfL+k(w/a, )]
Where:

kso: initial modulus of a subgrade reaction of the saturated soft soil

g = )

gu: ultimate bearing capacity of the saturated soft soil
U: average degree of consolidation at any time (t)

By substitution eg. 2 in eg.1 that yields:

Ky oW o*w
= : ~GH 3
=k, wa)l o e )

Since the vertical stress acting on the stone column is qc=Kkcow
(where: keo: modulus of the subgrade reaction of the stone column)
Eq.3 can be written in the following form to govern the differential equation within the stone

column region:

o°w
q= chW_ GH 6X2 (4)

Using the non-dimensional parameters as:
X=x/B,W=w/B, G"=GH/ksB? Go = GoH/ kB%q = q / keoB , g =qu/ksoB, 7. =7H/ksoB?, o=
Keo/ Kso, qs*:q/ ksoB QC*: 0s/KsoB, qc*:aW

The governing differential equation at time t>0 can be expressed in a non-dimensional
form as:
o°w
ox?

q =CW -G’ ®)

Where:
1

C= within the soft foundation
Ult+w/q)]

=a within the stone column region

The modulus of the subgrade reaction of the soft soil (spring stiffness) can be expressed
in terms of the modulus of elasticity and Poisson ratio ,see Bowels in 1988:
E

k, = : 6
: Hs(1+:us)(l_2:us) ( )
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Where :
Hs: thickness of the soft soil
Es: modulus of elasticity
LUs: Poisson’s ratio

The modulus of the subgrade reaction of the stone column using stone column length
equal to the length of soft soil according to the above equation will be:

E

o T T p )i 20) )
Where :
H.: length of stone pile

E.: modulus of elasticity of the stone column
L Poisson’s ratio of the stone pile
Thus the subgrade modulus or spring constant ratio (o) can be calculated as:
_ (@t p)i-2u) E, (8)

(L+ 1 J2-2p, ) E,

The degree of consolidation of the stone column-reinforced soft soil at any time has
been calculated as mentioned by Deb et al in 2007 , in which the width of the plain strain unit
cell is taken to be equal to the diameter of the unit cell in the axi-symmetric condition , they
introduce An approximate solution if U is greater than 30% to be expressed as..

U — 1_ %exp_[B/F(NPL )]Tr' _[”2/4]1-\; (9)
T

Where

T'=c! t/4B2 : a modified time factor in the radial flow, B, is half plain-strain unit cell width

T, =c/t/H?:amodified time factor in the vertical flow

F(Np )=2/ 3, Npl is width ratio (=2Be/by), by is width of the stone and Cv are modified

coefficient of consolidation in radial and vertical directions respectively

1 1
c. =c |1+ and ¢ =c |1+
r I’{ ﬁNZ _1j A V{ ﬁNsl _1j

pl

' ’
¢ and % are modified coefficient of consolidation in radial and vertical directions

[ is the stress concentration ratio as the consolidation complete

= 55 where & is the Poisson ratio factor which equal to: L+ p =20, J1- 1)
Es (1+,uc )(1_2#0 Xl_,us)
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4. Presentation of the implemented program

The application of the theory developed above is obtained with the help of the
MATLAB Virgin R2008b , its software offering various functions and facilities to compile
and to visualize complex mathematical operations. The implemented program is subdivided
into different logic subprograms accomplishing specific tasks from data input to output
visualisation .

The governing differential equation (eq.5 in the previous section)has been programmed
using finite difference method by dividing the length L/B into n number of elements with
(n+1) number of node points (i =1,2,3,4 to n);thus, the mesh size (AX) can be expressed as,
AX . the governing differential equation in a finite difference form, for an interior node (i, j )
(where i and j are the indices for space and time, respectively) as expressed below:

W, . —2W. . +W. . .
+ C W. . _Gt i-1,j i,]j i+1,] 10
q| Lt |: (AX )2 :| ( )

where
1
Ci= -
SV VY|
=q within the stone column region

withinthe soft foundation soil

One half of the system is depended as the problem is symmetric,. Thus, at the centre of
the loaded region X =0 or x=0, due to symmetry, the slope SW/oX will be zero. The width of
the granular fill considered in the analysis is sufficient enough so that at the edge [at X =L/B
(or x =L)] the slope oW/0X of the settlement-distance profile will also be zero.

The continuity at the edge of the stone columns is automatically satisfied. The loading
conditions considered are given as:
qi*(X):q* f0r|X| < 1.0

(11)
=0 for |X|y 1.0

5. Results and discussion

Figure (4) illustrates the variations of maximum settlement ratio of the improved ground
to that of an unimproved ground with replacement ratio a/b (where a=bw/2 and b=s/2, where
s is the center to center distance between the stone columns) .1t can be observed from Figure
(4) that, when a/b is zero (no stone column) no reduction in the maximum settlement has been

observed, but as the value of a/b increases settlement decreases and when a/b is 1, in that case,
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the soft foundation soil is completely replaced by stone columns, and reduction of the
settlement is maximum at that point. As the stiffness of the stone columns is increased
compared with the soft foundation soil, settlement is reduced further. This is because of the
fact that as stiffness of the stone columns is increased more stress is transferred onto the stone
column from the soft soil due to their stiffness difference which causes more settlement
reduction. However, after a/b=0.5 , no significant change in the amount of the maximum
settlement ratio.

Figure (5) shows the effect of the modular ratio Ec/Es on the amount of the maximum
settlement. Obviously, it can be seen that as the modular ratio EC/Es increases as the
maximum settlement decreases, thus the value of the maximum settlement ratio ranges
between 0.3 and 0.15 for modular ratios Ec/Es from 10 to 50. That may be explaining how
the stiffer stone column carries more load which subjected on the composed cell of stone
column and its surrounding area.

The relationship between maximum settlement and the ratio of spacing and the width of
the stone column s/b,, for different values of the modular ratio is shown in Figure (6). There is
a remarkable change in the value of the maximum settlement with respect to the ratio of s/by,.

The results of this study are harmonic with last the studies results such as Balaam and
booker 1981; Alamgir, et al 1996 and Al-Obaidy, 2005.
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Figure(4). The maximum settlement ratio versus the replacement ratio.
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Figure(5). The maximum settlement ratio versus the modular ratio (E./Es).
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6. Conclusion

From the above discussions it can be said that the installation of stone column in Al-
Nasiriyah soil is quite useful to reduce the amount of settlement and subsequently increasing
the amount of the bearing capacity , thus the maximum settlement ratio changes from 30% to
16% of the modular ratios (EJ/Es) =10 and 50 respectively. In addition there is an advantage
of getting a drainage path for the stone column acts as sand drain for solving a problem of
high underground water in Al-Nasiriyah soil. Moreover the material of stone column is very
cheap if compare with others material ,s0 it can be considered an economic solution for

ground improvement.
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