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ABSTRACT: This article presents an alternative solution for an excavation pit within a residential project in Targu Mures
(Romania). Secant deep soil mixing columns in addition to CFA piles, proves to be a very effective, environmentally friendly
(lower carbon footprint), cost and time saving solution, compared to traditional secant piles pit enclosure. Main challenge
was to find an effective solution to build a proper dimensioned retaining wall considering not only the excavation depth,
surrounding buildings, nearby streets and traffic but also restrained site dimensions. Given the non-cohesive soil layer, which
is 2 metres thick, and due to the presence of ground water within, it was important just to seal this layer, to prevent water in-
flow into the excavation pit. Deep soil mixing columns were 600 mm diameter and were done by the means of a special tool
having three levels of mixing paddles. Calibration of grout flow, advancement speed and mixing rpms were very important
for obtaining the proper BRN (blade rotation number) adapted to the soil conditions on the site. All criteria were monitored
real-time using monitoring devices installed on the drilling rig and pumps. Design criteria, technology presentation and
effective response of the solution are presented further.

RESUME: Cet article présente une solution alternative pour une enceinte dans le cadre d’un projet résidentiel 4 Targu Mures
(Roumanie). Par rapport a une enceinte traditionnelle, les colonnes DSM (deep soil mixing), en plus des pieux CFA,
s’averent étre une solution tres efficace, favorable a I’environnement, économique et rapide. Le principal défi était de trouver
une solution efficace pour construire un mur de souténement aux dimensions appropriées, en tenant compte non seulement
de la profondeur d’excavation, des batiments environnants, des rues avoisinantes et de la circulation, mais aussi des
dimensions restreintes de la place. Compte tenu de la couche de sol non cohésive de 2 métres d’épaisseur et en raison de la
présence d’eau souterraine a 1’intérieur, il était important de sceller cette couche pour empécher 1’eau de s’écouler dans
I’enceinte. Les colonnes DSM avaient un diamétre de 600 mm et étaient réalisées par un outil spécial rotatif a axes verticaux
a trois niveaux. L’étalonnage de 1’écoulement du coulis, de la vitesse d’avancement et du régime de mélange était trés
important pour obtenir le BRN approprié¢ aux conditions du sol sur le site. Tous les critéres ont été surveillés en temps réel
a I’aide de dispositifs de contréle installés sur I’outil de forage et les pompes. Les critéres de conception, la présentation de
la technologie et efficacité de la solution sont présentés plus en détail.
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1 INTRODUCTION

The proposed design had to give a technical and
economical solution for the support of an excavation
for a residential project, “DOX Apartments”, located
in Targu Mures city, Mures County, Romania.

Due to the limited space of approximately 780 sqm
and the existing neighbouring buildings, the jobsite
came with a lot of challenges regarding execution and
design (Figure 1).

The scope of works was design and build of a pit ‘
enclosure, ensuring a 7,5 metres deep excavationinan | @;

urban environment. g e [/
Figure 1. Site layout.
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Figure 2. Pit enclosure layout.

2 SOLUTION

The soil stratigraphy encountered based on the
geotechnical study was a succession of clayey sandy
silt followed by a 2 metres thick non-cohesive layer, in
which the water was embedded and finally a stiff
marly clay.

The main solutions for properly ensuring the safe
excavation until the designed level for the raft
foundation consisted of making either a diaphragm
wall or secant pile wall enclosure, supported by one
strut level. But both diaphragm wall solution and
secant piles were unable to achieve cost effectiveness,
time schedule and CO2 carbon footprint as the hybrid
solution presented further.

Due to the limitation of space and neighbouring
buildings, the diaphragm wall solution was not
feasible in this case, so the secant pile wall solution
was further developed (Figure 2).

Taking into consideration the soil stratigraphy
particularities in Targu Mures area, and the need to
properly seal a relatively thin layer of non-cohesive
soil of 2 metres, an alternative solution based on
primary deep soil mixing (Colmix®) columns 600 mm
and Secondary CFA 600 mm piles was proposed for
this project (Figure 3).

With this solution, not only the execution schedule
and the material quantities improved but also the
environmental impact was lowered substantially,
resulting in a much lower carbon footprint for the
overall project.
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Considering the purpose of the DSM columns, the
most important characteristic of the treated soil was
established to be the permeability and not the UCS
strength, in order to properly seal the enclosure. The
final mix was targeted to have low permeability
(between 10 m/s and 10° m/s) and an average UCS
of 1-2 MPa, to easily break through the mixed column
with the CFA600 augers (secondary piles).
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Figure 3. Characteristic section.
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Bored piles give to the actual retaining wall bearing
capacity, dimensioned in accordance with the loads,
excavation depth and ground conditions.

Deep soil mixing columns were designed to be
executed from natural ground level (-2.15 m) and
embed 50 cm in the marly clay level (-7.75 m).
Drilling length per one deep soil mixing column was
5.60 m with a diameter of 600 mm (Figure 4).

DSM base level S

Figure 4. Construction site photo.

An important measure of the mixing energy
imparted to the soil during deep soil mixing process is
the blade rotation number (BRN), which requires a
fine balance between thorough mixing and cost
efficiency.

The targeted soil mixing index BRN was 360, with
a permeability of 10 m/s (lower if possible) up to 10-
¥ m/s (maximum accepted to properly seal the non-
cohesive layer).

Secondary piles, 600 mm diameter CFA, were done
accordingly, between primary DSM columns, with
specific drilling lengths as required by the design,
resulting four different types of piles positioned
depending on the distance to existing vicinities, on the
difference of working platform levels or on locations
of various sump pits.

F igre 5. Deep soil r_nixing tool.
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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 COLMIX® PROCESS

The Colmix® process is one of the deep soil mixing
techniques and involves using a single or multiple tool
to build soil mixing columns. Use of this tool requires
to be attached to a capable piling rig (Figure 5).

Part of this solution is choosing the right tool and
right machine for doing the process. In this case, it has
been chosen a single tool having 3 levels of mixing
paddles.

The tool is inserted into the ground, and it is being
rotated, while the grout is injected into the soil. The
tool is then raised, and the process is repeated until
desired depth is reached.

The fact that this technique is relatively fast and
efficient and is being also relatively environmentally
friendly, made Colmix® the most suitable solution for
this job. After setting up the suitable equipment,
during design phase, according to site and ground
conditions all construction parameters must be
evaluated and selected.

Once the recipe of grout used for the mixing phase
was designed, several preliminary drilling tests were
performed, not only to validate proposed parameters
but also to calibrate drilling speed, advancement and
the quality of the mixing itself.

As required for reaching the desired blade rotation
number (BRN) for local conditions, there have been
established the volume of grout which needed to be
incorporated by mixing, water cement ratio and, of
course, the required quantity of cement.
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After first preliminary drilling tests, it was
concluded that, despite the fact that deep soil mixing
was required only for 3,6 metres (from -4,15 down to
-7,75 m), it was better to treat also the first two metres
(from working platform level to -4,15 m), not
necessarily for sealing purposes but to prevent nozzles
from clogging and to reach the desired top level of
actual DSM columns much more easily.

From that point down to designed bottom level of
Colmix® columns, normal phase of treatment
procedure — like rotation speed, tool advancement
(vertical) speed and grout delivery - were followed.

Implementation of this deep soil mixing process is
accompanied by real-time monitoring from a screen
located in the cabin, allowing the operator to comply
with the execution instructions and recording the main
operating parameters during construction of each
column.

An important issue is quality control which
involves taking samples of the fresh soil-cement
mixture to check the density of the mixture and
eventually to get them tested for permeability and UCS
values (Soletanche Bachy, 2013).

4 TEST RESULTS ON DSM SAMPLES

Core samples of the treated soil were collected from
the spoil (the excavated material) created when the
mixing tool was withdrawn from the ground after the
mixing process was complete.

Laboratory testing was performed on three sets of
samples, each set with three test cylinders from each
DSM column, at 7, 14, and 28 days.

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

On fresh samples collected on cylinders,
permeability showed good values between 10 and 10
¥ m/s (between targeted results) and UCS value at 28
days exceeded targeted value (2 MPa) with lower
values at 14 days (about 1 MPa) and at 7 days (about
0,5 MPa).

Although UCS value exceeded the expected,
primary DSM columns were easily drilled through by
600 mm CFA augers.

Core samples (Figure 6) were also tested from
several columns and showed also good UCS values at
an average of 1,8 MPa, with permeability values
within the expected range.
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Figure 6. Core samples from a DSM test column.

5 CONCLUSIONS

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

The final solution for this project - combined
retaining wall using deep soil mixing technique for the
primary piles and CFA technology for secondary piles
proved to be the perfect mix between tradition and
innovation, resulting in a very successful project with
an overall carbon footprint reduction of approximately
40 tons of equivalent CO2.

In other words, DSM columns are a versatile and
sustainable ground improvement technique that can be
used to achieve significant cost and environmental
savings.
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