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Secant pile wall design and construction using CFA piles and Deep Soil Mixing

Catalin Balaceanu, Lérand Sata
SBR Soletanche Bachy Fundatii, Bucharest, Romania, balaceanu@sbr.ro

ABSTRACT: This article presents an innovative solution for a challenging excavation pit within a residential project in
Targu Mures, Romania. By combining secant deep soil mixing (DSM) columns with continuous flight auger (CFA) piles,
we developed an effective, environmentally friendly, and cost-efficient approach compared to traditional secant pile pit
enclosures.

A key objective was to design a robust retaining wall system that could withstand the excavation depth, while considering
the constraints of surrounding buildings, nearby streets, and limited site dimensions. Given the presence of a 2-meter
thick, non-cohesive soil layer and due to groundwater presence, our primary goal was to seal this layer to prevent water
ingress into the excavation pit. To achieve this, 600 mm diameter DSM columns were installed using a specialized tool
equipped with three levels of mixing paddles. Rigorous calibration of grout flow, advancement speed, and mixing RPMs
were essential to attain the optimal Blade Rotation Number (BRN) tailored to the site's specific soil conditions. Real-time
monitoring of these parameters ensured adherence to design criteria and effective performance. This paper details the
design principles, technological implementation, and successful outcomes of this innovative solution.
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1 INTRODUCTION

The proposed design aimed to provide a technical and ] @ 4 Inclinometers
economical solution for supporting an excavation for the
residential project “DOX Apartments,” located in Targu Mures,
Mures County, Romania.

Given the limited area of approximately 780 sqm and the
presence of neighbouring buildings, the site posed numerous
challenges in terms of both execution and design (Figure 1).

The scope of work included the design and construction of
a pit enclosure to ensure a 7.5-metre-deep excavation in an
urban environment.
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Figure 2. Pit enclosure layout.

Considering the specific soil stratigraphy in the Targu Mures
area and the requirement to effectively seal a relatively thin 2-
metre layer of non-cohesive soil, an alternative solution was
proposed for this project, consisting of primary deep soil
mixing (Colmix®) columns with a diameter of 600 mm and
secondary CFA piles, also 600 mm in diameter (Figure 3).
This solution not only optimized the execution schedule
and reduced material quantities but also significantly lowered
the environmental impact, resulting in a much smaller carbon

e 2% o e —/ footprint for the entire project.

Figure 1. Site layout Given the role of the DSM columns, the most critical
property of the treated soil was defined as permeability rather
2 SOLUTION than UCS strength, to ensure proper sealing of the enclosure.
. ) ) ) ) ) The final mix was designed to achieve low permeability
The _s01l stratigraphy identified in the . geotechnical study (between 10°* m/s and 10~ m/s) and an average UCS of 1-2
consisted of a sequence of clayey sandy silt, followed by a 2- MPa, allowing the CFA600 augers (secondary piles) to break

metre-thick non-cohesive layer containing groundwater, and through the mixed columns with ease.

finally a stiff marly clay.

The main solutions considered for safely reaching the
design level of the raft foundation were either a diaphragm wall
or a secant pile wall enclosure, both supported by a single level
of struts.

Given the space constraints and the presence of
neighboring buildings, the diaphragm wall option was not
feasible, so the secant pile wall solution was further developed
(Figure 2).
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Figure 3. Characteristic section.

The bored piles provide the actual bearing capacity of the
retaining wall, designed in accordance with the applied loads,
excavation depth, and ground conditions.

The deep soil mixing columns were designed to be
executed from the natural ground level (-2.15 m) and to
penetrate 50 cm into the marly clay layer (-7.75 m). Each deep
soil mixing column had a drilling length of 5.60 m and a
diameter of 600 mm.

Figure 4. Construction sitephto.

An important parameter for assessing the mixing energy
applied to the soil during the deep soil mixing process is the
blade rotation number (BRN), which requires a careful balance
between achieving thorough mixing and maintaining cost
efficiency. For this project, the targeted BRN was 360, with a
permeability goal of 10° m/s (lower if possible) and a
maximum acceptable value of 10°® m/s to ensure proper sealing
of the non-cohesive layer.

Secondary CFA piles, 600 mm in diameter, were installed
between the primary DSM columns, with drilling lengths
specified according to the design. Four different pile types were
executed, depending on their distance from neighboring
structures, differences in working platform levels, or the
locations of various sump pits.
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Design approach and calculations were performed
according to current regulations both Eurocode 7, (ASRO,
2004), corresponding national annex, ASRO (2007) and
Romanian regulations regarding deep soil mixing and bored
piles execution, ASRO (2005, 2015).

3 MATERIALS AND METHODS

The construction of stabilized soil columns consists of deep
mixing and stabilization of weak soils by mechanically
blending them with a cement-based binder. The materials used
for the treated columns were water and cement. The grout
composition used for DSM injection employed a water-to-
cement ratio of 1:1. The total quantities per cubic meter of
mixed material were: 755 liters of water per m* and 755 kg/m?*
of cement type CEM II/B-M(S-LL) 42.5R.

The CFA piles were executed using concrete of class C25/30.
The concrete mix characteristics were as follows: maximum
water-to-cement ratio 0.50; exposure class XC2; maximum
aggregate size @16 mm; consistency class S5. Reinforcement
cages consisted of longitudinal bars made of BS00B or B500C
steel, stirrups, stiffness rings, and spacers.

4 COLMIX® PROCESS

The Colmix® process is a deep soil mixing technique that uses
a single or multiple mixing tool to construct soil mixing
columns. This tool must be mounted on a suitable piling rig.

A key part of the solution is selecting the appropriate tool
and machine for the process. In this project, a single tool with
three levels of mixing paddles was chosen (Figure 5). The tool
is inserted into the ground and rotated while grout is injected
into the soil. It is then raised, and the process is repeated until
the required depth is achieved.

The combination of being relatively fast, efficient, and
environmentally friendly made Colmix® the most suitable
solution for this project. After selecting the appropriate
equipment during the design phase, all construction parameters
had to be evaluated and set according to the site and ground
conditions.

Once the grout mix design for the mixing phase was
established, several preliminary drilling tests were carried out
to both validate the proposed parameters and calibrate drilling
speed, penetration rate, and the overall quality of the mixing

process.

To achieve the targeted blade rotation number (BRN)
under local conditions, the required grout volume for mixing,
the water—cement ratio, and the necessary cement quantity were
determined.

Figure 5. Deep soil mixing tool

Following the first preliminary drilling tests, it was concluded
that, although deep soil mixing was required only over a 3.6-
metre section (from -4.15 m to -7.75 m), it was preferable to
also treat the first two metres (from the working platform level
to -4.15 m). This was done not necessarily for sealing purposes,
but to prevent nozzle clogging and to facilitate reaching the
desired top level of the DSM columns more easily.



From that point down to the designed bottom level of the
Colmix® columns, the standard treatment procedure—such as
rotation speed, vertical tool advancement speed, and grout
delivery—was applied.

The implementation of the deep soil mixing process was
supported by real-time monitoring via a screen in the operator’s
cabin, enabling compliance with execution specifications and
recording of the main operating parameters for each column.
Quality control played a key role, involving sampling of the
fresh soil-cement mix to verify its density and, if needed,
testing for permeability and UCS values (Soletanche Bachy,
2013).

5 EXECUTION STAGES AND DSM SEQUENCE

The execution of the retaining structure began with the
construction of the 600 mm DSM primary columns, followed
by the installation of 600 mm CFA secondary piles between
them.

Procedure and Execution Stages — DSM Columns

The mixing tool is inserted into the soil to the design base
level of the column, after which the soil is destructured
through withdrawal and rotation of the tool. After complete
retraction, the tool is advanced again to the required depth
while cement suspension is injected. During the first meters,
the injection flow is reduced to prevent clogging of the
nozzles. Starting from elevation —4.75 m, the theoretical
injection rate is applied.

The total quantity of grout is injected during the downward
mixing stage.

The advancement speed and rotation speed must be correlated
to ensure that the total number of paddle rotations per meter
(BRN) is a minimum of 350. After reaching the design depth
and injecting the total grout volume, the tool is withdrawn at
an admissible higher extraction speed, with the rig allowed to
operate at its maximum rotational capacity.

The rotational speed of the mixing blades must remain
between 25-50 rpm.

After the DSM columns were completed, the execution of the
600 mm CFA piles between the DSM elements commenced in
order to ensure structural continuity of the retaining wall.

Execution Phases for CFA Piles

The execution stages are as follows:
e  positioning of the drilling rig on the pile axis

e insertion of the auger into the ground through
continuous rotational advancement, ensuring that the
displaced soil volume does not exceed the physical
volume of the auger

e  drilling to final depth

e pumping concrete through the internal channel of
the auger to the tip while simultaneously
withdrawing and rotating the auger in a controlled
manner, ensuring that the excavated soil volume is
immediately replaced by fresh concrete

e continuous monitoring of concrete pressure at the
auger head, maintaining an overpressure of approx.
0.5 bar
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e  after full auger retraction, cleaning of the drilling
area and insertion of the reinforcement cage
vertically and centrally into the fresh concrete using
the rig auxiliary winch or a crane, by gravity and/or
assisted by a vibrator.

Once the pile wall was completed, a reinforced concrete
capping beam was cast to align and connect the pile heads.
Excavation works were then carried out in stages, with struts
mounted progressively to ensure wall stability. After the
completion of the foundation slab and the superstructure, the
temporary struts were dismantled, and the infrastructure works
were finalized.

The DSM 600 mm columns were executed following a
precise sequence (Figure 6). First, the soil was destructured
along the full length of the column using maximum rotation
speed and a low vertical advancement rate to ensure thorough
loosening. This was followed by the injection phase, during
which grout was introduced at a dosage of 150 I/m, with a flow
rate of 83.3 I/min, an advancement speed of 40 m/h, and a
rotation speed of 60 rpm. Finally, an additional mixing phase
was performed, involving a 1.5 m retraction and a 1.5 m
advancement of the tool, maintaining the same flow, speed, and
rotation parameters, to guarantee optimal homogeneity of the
treated soil.

Figure 6. DSM execution sequence.

6 TEST COLUMNS AND SAMPLING RESULTS

A testing plan was developed to verify and calibrate the
execution parameters for the deep soil mixing works before
starting the construction of the primary DSM columns for the
retaining wall. The plan consisted of two main phases: the first
involved empty drillings distributed across the site to calibrate
drilling speeds, rotation speed (rpm), and the monitoring
system. The second phase included the execution of DSM test
columns with varying lengths and mixing parameters, some
intended solely for visual inspection of homogeneity, and others
fully grouted and tested through fresh sample collection and
core drilling for permeability and unconfined compressive
strength (UCS) evaluation at different curing ages. The tests
positioning is shown in Figure 7.
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Figure 7. Testing plan layout.

The first phase included several empty boreholes that were
drilled across the site to calibrate drilling speeds, rotation speed
(rpm), and the monitoring equipment. These tests ensured that
the equipment and parameters were properly adjusted before
commencing the execution of DSM columns.

The second phase included the following:

e  Three columns, L = 3.00 m — no sampling
performed; positioned within the future
excavation area, with the objective of visually
inspecting homogeneity differences between the
tested configurations.

e  Three columns, L = 6.00 m — fully grouted
following the theoretical execution sequence.

Fresh samples of the treated soil were collected from the
spoil (excavated material) generated when the mixing tool was
withdrawn  after completing the mixing process.
Laboratory testing was carried out on three sets of samples,
each consisting of three test cylinders taken from each DSM
column, at 7, 14, and 28 days.

The tests included unconfined compressive strength (UCS)
and permeability measurements performed in consolidation
cells.

Permeability results (Figure 8) from fresh cylindrical
samples were within the targeted range, between 10~ and 107#
m/s, while the UCS values (Figure 9) at 28 days exceeded the
target of 2 MPa, with lower strengths recorded at 14 days
(around 1 MPa) and at 7 days (around 0.5 MPa).

@8 days @14 days @28 days
Column | Sample
P ili ucs | P ili ucs Permeability ucs
[mis] [Mpa] [m/s] [Mpa] [m/s] [Mpa]

PO1.1 -
Cc1 P01.2 4,70E-09

0,75 1,06 2,23

3,48E-09 1,83E-09

P01.3 | 1,55E-09 - 2,27E-09 - 2,21E-09 -
P02.1 - 0,34 - 0,88 - 242
c2 P022 | 1,12E-08 - 1,6E-09 - 1,04E-08
P02.3 | 2,49E-09 - 3,5E-09 - 1,57E-09

Figure 8. Permeability results

Co | Depth | Name | 7 n e s | ves Kk Tz:’e
sample
layer
[m] [KN/m3] | [%] [l 1 |[Mpa] | [m/s]

COL01 35 P08 17,46 34,9 0,54 0,1 1,18 5,51E-08 | sand
coLo1 4 PO7 16,8 381 0,62 0,14 2,16 2,11E-07 | sand
coLo1 5 P06 20,19 254 0,34 0,23 1,45 1,53E-07 | sand
coLo1 5,6 P05 17,47 354 0,55 0,14 1,58 2,04€-07 | clay
coLo2 4 P03 16,04 41 0,7 0,13 1,96 1,04€-07 | sand
coLo2 48 P02 15,48 43,2 0,76 0,13 1,97 6,31E-08 | sand
COL02 5,6 PO1 16,46 39,6 0,65 0,14 2,56 5,87E-08 | clay

Figure 9. UCS results

Although the UCS values exceeded expectations, the
primary DSM columns were easily drilled through using 600
mm CFA augers. Core samples (Figure 10) taken from several
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columns also showed good UCS results, with an average of 1.8
MPa, and permeability values within the targeted range.

Figure 10. Core samples from a DSM test column

7  CONCLUSIONS

Deep soil mixing (DSM) columns are a proven and reliable
ground improvement technique, offering several advantages
over other methods, including cost-effectiveness, sustainability,
and efficiency.

The findings reinforce the applicability of deep soil mixing
as a viable alternative to traditional diaphragm walls,
particularly where groundwater infiltration or limited execution
space present significant challenges.

The performance of DSM-treated soil is dependent on
precise control of mixing parameters and soil variability. Full
homogeneity cannot be visually confirmed beyond the tested
segments, and long-term permeability performance continues
to depend on curing and soil-cement interaction characteristics.

For this project, the final solution—a combined retaining
wall using deep soil mixing for the primary piles and CFA
technology for the secondary piles (Figure 4)—proved to be the
ideal balance between tradition and innovation. It resulted in a
highly successful outcome, with an overall carbon footprint
reduction of approximately 40 tons of CO: equivalent.

In summary, DSM columns represent a versatile and
sustainable ground improvement method capable of delivering
substantial cost savings and significant environmental benefits.

Future research should focus on long-term monitoring of
DSM-treated soils, optimization of cement content for
improved cost efficiency, and comparative analyses of
environmental and economic advantages relative to diaphragm
walls and other traditional retaining systems.
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