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ABSTRACT

The wide range of applications of deep soil mixing has attracted the
attention of many researchers to this ground improvement method.
Although large-scale field tests are known as the most reliable method
for investigating the strength characteristics of DSM columns, the high
cost and time-consuming nature of these tests are challenging. To
overcome these issues, some researchers have utilized laboratory-scale
deep soil mixing devices. However, limited information is available on
the design and construction of these apparatuses. Enhancing knowledge
in the design and manufacture of this equipment will eliminate the
weaknesses of previous devices, increase the capabilities of future
apparatuses, optimize construction time and cost, expand studies related
to the deep soil mixing method, and ultimately raise awareness of this
ground improvement technique. Therefore, this study first fully describes
the development of a laboratory-scale deep soil mixing device. Then, the
compressive strength of two groups of small-scale DSM columns, both
constructed using the developed device and having the same dimensions
and installation method, was investigated. The first group had identical
cement content and water/cement ratio, while these factors varied in the
second group. The low strength variability and good mixing quality of
the first group confirmed the performance and accuracy of the developed
device for constructing DSM columns. Strength evaluation of the second
group showed that by reducing the water/cement ratio and increasing
the cement content, the compressive strength of the columns increased.
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Introduction

The increasing demand for civil projects
has compelled geotechnical engineers to
utilize unsuitable soils and address their
consequences. A solution that has emerged in
the last few decades is ground improvement,
which  encompasses several techniques.
Among these techniques, the deep soil mixing
method (DSM) has gained widespread
acceptance and is used globally, particularly in
Iran, due to its simultaneous response to both
elastic and consolidation settlements, its
reduction of liquefaction potential, and its ease
of implementation by a variety of contractors.
Therefore, understanding the behavior of DSM
columns is both important and necessary.
Although field experiments are the most
effective method for investigating and
understanding the behavior of columns, they
are infrequently conducted due to their high
costs and time-consuming nature. To address
this limitation, some researchers have
developed and utilized laboratory-scale DSM
setups. A review of the literature indicates that
the evaluation of DSM column behavior using
these devices has been well-received, and
many studies have been conducted with them.
However, limited information is still available
regarding this equipment. Consequently, this
study presents the development of a DSM
setup. To investigate its accuracy and
capability in installing DSM columns, as well
as to examine key factors affecting the
strength of these columns, the compressive
strength of two groups of small-scale DSM
columns—both constructed in saturated sand
beds using the developed device and having
the same dimensions and installation
method—was assessed. The first group had
identical cement content and water/cement
ratio, while these factors varied in the second
group.

Materials and Methods

In the present study, uniform-grained
sand with the physical characteristics
presented in Table 1 was used to prepare the
soil beds. Additionally, Portland cement Type
2 was utilized to create the slurry and install

the columns. It should be noted that for the
first group of columns, the cement content and
water/cement were equal to 500 kg/m?® and 2.5,
respectively, while for the second group, these
values varied, ranging from 300 to 500 kg/m?®
and from 2.5 to 3.5, respectively.

Table 1. physical properties of sand

Property Value
Maximum Dry Density (g/cm®) 1.6
Minimum Dry Density (g/cm®) 1.35
Coefficient of Uniformity 1.66
Coefficient of Curvature 0.94
Friction Angle (°) 27
Specific Gravity 2.62
Permeability (m/s) 4.5x10°
USCS Classification SP

To prepare the saturated sand beds,
specific weights of dry sand and water were
first mixed together to facilitate the
preparation.  Subsequently, the required
amount of wet sand for each 10 cm layer was
weighed, transferred into the box, and spread
evenly. The spread sand was then lightly
tamped using a hammer to ensure that its
relative density did not increase significantly
and remained at 30%. Water was then slowly
added to the soil near the walls of the box so
that the water level was slightly above the
sand surface. These steps were repeated eight
more times until the sand level inside the box
reached a height of 90 cm.

All DSM columns (groups 1 and 2) were
installed in a square arrangement with
horizontal center-to-center distances of 250
mm from each other. For all columns, the
mixing tool penetrated the soil bed at a
constant speed of 1 cm/s while simultaneously
injecting cement slurry. After reaching a depth
of 60 cm, the mixing tool rotated for 10
seconds. Finally, the mixing tool moved
upward at a constant speed of 0.33 ¢cm/s and
exited the bed. It should be noted that the
length and diameter of the columns in both
groups were 60 cm and 10 cm, respectively.

After the columns had rested in the beds
for one week, the sand around them was gently
excavated and removed from the box. The
columns were then taken out and wrapped in
plastic before being cured in a laboratory
environment for three weeks. After curing was
completed, two samples with a height-to-



diameter ratio of 2 were taken from each
column. The samples were then capped and
subjected to a compressive test according to
ASTM D2166 standard.

Results and Discussion

Fig. 1 presents the compressive strength
histogram of samples taken from the first
group of DSM columns. The results indicate
that the compressive strength of the samples
ranged from 0.7 to 1.2 MPa, with an average
of 1.28 MPa. This range and average align
with the strengths obtained in field projects,
confirming the effective performance of the
developed device in the construction of DSM
columns. Additionally, the data reveal that the
coefficient of variation for the compressive
strength of the samples was 22%, which is
consistent with the coefficient of variation
obtained in field projects. This finding further
indicates the reliable performance and high
accuracy of the device in the installation of
DSM columns.
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Fig. 1. Histograms of compressive strength for
samples obtained from the first group of DSM
columns.

Fig. 2 illustrates examples of cross-
sections of DSM columns from the first group.
It is evident that the cement gel has effectively
filled the spaces between the sand particles,
and proper bridging has successfully
connected the sand particles to one another.
This observation underscores the success of
the mixing process and the effective
functioning of the developed device.

Fig. 2. Cross- sectional examples of DSM columns
from the first group.

Fig. 3 depicts the variations in the
average compressive strength of DSM
columns from the second group in relation to

cement content and water/cement factors. The
results demonstrate that the compressive
strength of the columns is influenced by the
cement content. For instance, increasing the
cement content from 300 to 500 kg/m? resulted
in an increase in the average compressive
strength of the columns by 39% to 55%.
Furthermore, it is observed that the
compressive strength of DSM columns is also
affected by the water/cement factor.
Specifically, increasing the water/cement
factor from 2.5 to 3.5 led to a decrease in the
average compressive strength of the columns
by 55% to 61%.

15 300 kg/m? 400 kg/m? 500 kg/m?

0.5 H
0.0

25 30 35 25 30 35 25 30 35

Compressive Strength (MPa)

Water/Cement

Fig. 3. variations in average compressive strength of
DSM columns from the second group as a function of
cement content and water/cement factors.

Contributions

A summary of the most important results
obtained in this research is as follows:

1) The similarity in the range, average,
and coefficient of variation of the compressive
strength of DSM columns with the values
obtained from field projects, along with the
high mixing quality of these columns,
indicates the high accuracy and effective
performance of the developed device in the
construction of DSM columns.

2) The compressive strength of the
columns is inversely and directly related to the
water/cement and cement content factors,
respectively.
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