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ABSTRACT: Displacement piles are cast-in-pace, reinforced concrete piles that are formed with little or no soil removal, 
where the soil is displaced radially into the soil by the drilling tool.  This piling technique is applicable in soft-to-firm ground 
conditions – in loose to medium dense sands and in cohesive soils where the undrained shear strength is less than about 
100 kPa (2,000 psf).  There are many benefits to the use of displacement piles, including low vibrations during pile 
construction, minimal amount of soil removal, no need for stabilizing fluids (slurry), and improvement of the load 
resistance especially in side friction.  The benefits of displacement piling make this technology ideal in contaminated 
and/or urban environments.  This paper provides an overview of the various types of displacement piles that have been 
used, applicability of the technology, and general requirements for types of equipment and tooling needed.  In addition, 
practical examples of the technology and recent advancements to displacement piling tooling will be presented as mini 
case histories. 

RESUMEN: Pilotes de desplazamiento son emitidos en ritmo, pilotes de hormigón armado que se forman con poca o 
ninguna eliminación de tierra, donde el suelo se desplaza radialmente en el suelo por la herramienta de perforación. Esta 
técnica de viruta es aplicable en las condiciones de terreno blando a firme, en suelta media arena densa y en suelos 
cohesivos donde la resistencia al corte sin drenar es de menos de 100 kPa (2.000 psf). Hay muchos beneficios para el 
uso de pilotes de desplazamiento, incluyendo bajas vibraciones durante la construcción de la pila, cantidad mínima de 
remoción de suelo, sin necesidad de estabilización de líquidos (lodos) y la mejora de la resistencia de carga 
especialmente en fricción lateral. Los beneficios del desplazamiento de la viruta hacen de esta tecnología ideal en 
ambientes contaminados o urbanos. Este documento ofrece una visión general de los diferentes tipos de pilotes de 
desplazamiento que se han utilizado, aplicabilidad de la tecnología y los requisitos generales para los tipos de equipos y 
herramientas necesarios. Además, se presentarán ejemplos prácticos de la tecnología y los avances recientes 
desplazamientos viruta herramental como mini historias de caso.

1 OVERVIEW 

Drilled displacement piles (DDP) refers to a 
specialized technology in which a bored pile is 
constructed using a process in which (1) a specially 
designed tool is advanced into the ground using both 
rotation and downward thrust (“crowd force”) to 
displace the in situ soil radially outward into the 
surrounding formation, and (2) concrete is injected 
and steel reinforcement (if required) is inserted to fill 
the created hole and provide structural stiffness.  A 
key benefit of DDP is the minimal amount of drill 
spoils generated, which provides a cost effective and 
practical solution for sites with contaminated soils 
(e.g., typically found at landfills, brownfield sites, and 
industrial facilities).  In addition to the reduced 
environmental impact, other advantages of DDP 
such as proven reliability, relatively rapid 
construction, high daily production, minimal noise 
associated with DDP, and minimal ground vibrations 
have contributed to the increased use of the 
technique especially for construction in urban areas, 
in congested spaces, and in close proximity to 
existing structures.   

DDP has been used as structural foundation 
elements (e.g., support column loading) and for 
ground improvement (e.g., column-supported 
embankments) on both commercial and public work 
type projects.  The maximum diameter and depth 
that can be achieved are directly related to the 
capability of the drill rig used to construct the DDP.  
As reported in the literature, displacement piles with 
diameters ranging from about 300 to 800 mm (12- to 
32-inches) and to a maximum depth of approximately 
35 m (115 ft). 

1.1 Description and Classification 
The myriad types of bored piles are typically 
classified according to the qualitative amount of 
disturbance resulting from the piles’ construction, 
which can range from non-displacement type to a 
complete or full displacement type of pile.  Drilled 
shafts fall under the non-displacement type of piling, 
and continuous flight auger (CFA) piles can be 
categorized under either non-displacement or partial 
displacement type depending on whether (a) the 
concrete/grout is injected under pressure, and (b) the 
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ratio of the outer diameter of the hollow drill stem to 
the diameter of the borehole is greater than about 
50-60%, in which case a greater amount of soil will 
be displaced radially and compacted into the 
borehole wall.  That is, a narrower hollow stem will 
result in minimal-to-partial displacement of the soil, 
while a wider hollow stem will result in a greater 
amount of soil being displaced into the surrounding 
soil during drilling. 

DDP can be listed under either partial 
displacement or full displacement type according to 
the installation method and/or the type/shape of 
tooling used to create the pile, which can be grouped 
as essentially cylindrical shaped (Figure 1a) or screw 
shaped (Figure 1b). 
 

  
(a) (b) 

Figure 1. Schematic of (a) cylindrical shaped and (b) 
screw shaped displacement piles 
 

A schematic of a representative displacement tool 
is shown in Figure 2, which highlights many of the 
common components found on modern DDP tools.  
In general, modern displacement tools will contain 
the following common elements (Figure 2): (1) 
displacement body, which is an enlarged section 
near the bottom of the drill string that facilitates soil 
movement radially outward, thereby displacing it into 
the surrounding soil, (2) a drilling tip attached to the 
bottom of the drill string that is used to loosen the soil 
during the advancement of the tool (if a re-usable 
drilling tip is used, a pivoting gate located near the 
bottom of the tool or drill string is utilized for the 
injection of the concrete or grout; otherwise, with a 
sacrificial drilling tip, the concrete or grout is injected 
through the bottom of the drill string), (3) a hollow 
stem drill string with a diameter smaller than or equal 
to the diameter of the displacement body, (4) a lower 
auger segment with partial flights that moves the soil 
upward toward the displacement body, and (5) an 
upper auger segment with partial flights that moves 
the soil downward toward the displacement body. 

 

 
Figure 2.  Schematic of a representative DDP tool 
delineating many of the common components found 
on most modern DDP tools (DeWaal displacement 
pile tool shown; modified from Basu et al, 2010) 

1.2 Benefits provided by Displacement Piles 

Various practitioners (Basu et al, 2010; Paniagua, 
2006; Baxter et al, 2006; Bottiau, 2006; Brown,  
2012; NeSmith, 2004; Pagliacci and Chiarabelli, 
2015; etc.) have extolled the benefits realized 
through the use of displacement piles, which include 
the following: 
• Environmentally friendly because minimal amount 
of drill spoils produced return to ground surface, 
thereby lowering both the risks associated with 
transport of spoils (especially contaminated material) 
and the cost of disposal; 
• Minimal vibration induced during the construction 
of the displacement pile because the rotary  
drilling technique does not induce large vibrations 
into the soil; 
• Even in loose soils, the borehole can be formed 
without need of steel casing and/or slurry;  
• Cleanness of the working platform, lowering the 
risk to injury of onsite personnel; 
• Compared with non-displacement bored pile 
techniques, the concrete overbreak is significantly 
lower; and 
• Compared to non-displacement bored pile 
techniques, higher unit side friction and end bearing 
resistance can be achieved through the compaction 
of the surrounding soil, which results in a lower cost 
(per ton of load). 

2 INSTALLATION-INDUCED CHANGES 

During the construction, the soil surrounding the 
DDP will undergo changes to its stress state (e.g., 
change in void ratio) as a function of the soil type, 
original stress state and consistency, shape of the 
tool, and installation method. The changes are 
directly caused by the loading imposed on the soil by 
the tool from both radial compactive/torsional 
stresses and vertical shearing stresses during the 
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advancement and extraction of the tool.  Ultimately, 
the ground improvement induced by the installation 
process results in larger unit values of side shear.  
Consequently, the load-displacement response of a 
displacement pile is comparatively stiffer than that of 
a similarly sized non-displacement pile; therefore, 
compared with similarly sized non-displacement 
piles, DDPs will be able to achieve a given load 
resistance at a shorter length. 

In loose to medium-dense cohesionless soils, the 
compactive effort of the tool produces greater radial 
displacement and results in a decrease of the void 
ratio (higher relative density than initial) relatively 
soon after construction is completed.  Brown (2005) 
reported that DDPs “increase the horizontal stress in 
the ground and densify sandy soils around the pile 
during installation…[achieving] a measure of ground 
improvement around the pile.”  For soft to stiff 
(displaceable) cohesive soils, the soil will be 
deformed plastically, may require some time to 
realize the increase in shear strength as the soil 
undergoes consolidation within the affected zone.  In 
sensitive soils, the disturbance caused by the 
displacement tool during advancement and 
extraction could result in remolding and formation of 
residual shear planes. 

In partially saturated and fully saturated soils, the 
advancement and extraction of the displacement tool 
may generate excess pore water pressures in the 
soil surrounding the pile.  For cohesionless soils with 
minor fines content (<15%), the dissipation of these 
induced excess pore water pressures will be 
relatively rapid.  For cohesionless soils with 
appreciable fines (>15%) and for cohesive soils, 
however, the dissipation of the induced excess pore 
water pressures will require time to dissipate, which 
will depend on the length of the drainage path.  
Brown (2012) warned that the construction of DDPs 
“may induce excess pore water pressures in the 
surrounding soil, which could result in water intrusion 
into a newly constructed pile as the excess pore 
pressure dissipates.” 

3 APPLICABILITY 

The technique is ideally suited for a wide spectrum 
of soil conditions ranging from sandy gravel to clay, 
with the caveat that the soil is able to be both 
displaced and compacted.  In cohesionless soils, 
displacement piles are appropriate in loose to 
medium-dense soil conditions, where the relative 
density (Dr) is less than about 65%, the cone tip 
resistance (qc) is less than about 14 MPa (2,000 
psi), and/or SPT N-values are less than 30 blows/0.3 
m (or 30 blows/ft).  Due to the compactive nature of 
the displacement tool, the void space is decreased, 
the structure is reorganized, and the relative density 
increased, which has a positive effect on the 
behavior of the DDP.  NeSmith (2002) reported that 

the installation of displacement piles in dense 
cohesionless soils (qc greater than 14 MPa or 2,000 
psi) can be difficult and uneconomical. 

In cohesive soils, displacement piles are 
appropriate in soft to stiff soil consistency, where the 
undrained shear strength does not exceed about 100 
kPa (2,000 psf) or where SPT N-values are less than 
about 10 blows/0.3 m (or 10 blows/ft).  During 
installation, the cohesive soils undergo plastic 
deformation and are compacted.  Stiff cohesive soils, 
however, are difficult to compact.  Brown (2012) 
indicated that “residual soil profiles, weak limerock 
formations, cemented sands, and stiff clays are soil 
types that favor easy construction” of displacement 
piles.  Reporting on conditions in the United 
Kingdom, Baxter et al (2006) described that 
applicable conditions for the use of DDP include sites 
with “alluvium, soft clays, loose sand, or chalk.”  
DDPs should be considered as an alternative to 
conventional CFA piles in instances where a weak 
layer is underlain by a stronger, more competent 
layer(s) at moderate depths, and where potential soil 
mining and effects from ground vibrations would be a 
concern (Brown, 2005). 

According to Bustamante and Gianeselli (1998), 
the performance of DDP may be compromised due 
to possible difficulties encountered during installation 
in very loose sandy soils or very soft clayey soils 
(characterized by SPT N-values<5 blows/0.3 m (5 
blows/ft) or qc<1 MPa (145 psi)).  According to 
Brown (2005), the use of DDP may impractical or 
problematic in predominantly saturated, fine-grained 
and plastic soils where the advancement and 
extraction process will cause extensive remolding of 
the soils, which could be deleterious to the soil 
structure, shear strength, and performance of the 
pile.  In some instances, displacement piles may be 
used even in the presence of incompressible and/or 
non-displaceable layers (e.g., dense sands and 
gravel, overconsolidated cohesive layers, weathered 
and soft rock) provided that (1) the thickness of the 
incompressible layer is less than about 1 to 1.5 m (3 
to 5 ft), and (2) the incompressible or non-
displaceable or layer is located at the lowermost 
strata that is to be treated (Soilmec, 2012). 

4 GENERALIZED CONSTRUCTION PROCEDURE 

4.1 Advancement Phase – Drilling 
During the drilling phase, the tool and drill string are 
rotated clockwise and penetrate the ground using the 
single rotary drive and crowd force provided by the 
drill rig, causing the material to move upward as the 
tool moves downward.  A drilling tip (appropriate for 
the anticipated ground conditions) is attached to the 
bottom of the drill string is used to loosen the soil 
during the advancement of the tool and to prevent 
soil from entering and plugging up hollow stem.  As 
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the drill string advances deeper into the soil, the 
lower auger flights move the soil upward toward the 
displacement body, which then displaces and 
compacts the soil radially outward into the borehole 
wall and surrounding formation.  The drilling phase 
continues until the desired depth is achieved.  The 
maximum achievable depth is limited by the 
capabilities of the drill rig: (a) the pull up/extraction 
force, (b) the maximum available rotary torque, and 
(c) the height of the drill mast, which can be 
extended using a Kelly extension and/or by the 
addition of jointed sections to the drill string. 

4.2 Extraction Phase – Concreting 
Once the desired depth has been achieved, the 
displacement tool and drill string are extracted while 
concrete or grout is simultaneously pumped through 
the hollow stem and injected into the void created by 
the tool.  The concrete or grout is injected either 
through a grout port (with disposable plug) or a 
pivoting gate located near the bottom of the tool or 
drill string (used with a re-usable drilling tip) or 
through the bottom of the drill string (used with a 
sacrificial drilling tip).  The pressure used to pump 
the concrete or grout should be correlated to the 
ground conditions at the pile location, and should be 
established using a pre-production test program.  
NeSmith (2002) indicated that for loose to medium-
dense cohesionless soils, the initial “target lift-off” 
grout pressure should be within the range of about 
140 to 210 kPa (20 to 30 psi) and between 70 to 105 
kPa (10 and 15 psi) for the remainder of the grouting.  
As the bottom of the drill string approaches the 
ground surface, the pressure should be gradually 
decreased according to the in situ stress state.  
When the tool is within about 1.5 to 3 m (5 to 10 ft) of 
the surface, the pressure should be decreased to 
zero and the pumping stopped. 

As described in Section 5, rotation of the 
displacement tool may or may not occur, depending 
on the tool and technique utilized.  The concrete mix 
or the grout mix contains many similar components: 
Portland cement, aggregate (fine aggregate for 
grout), water, fly ash, and admixtures.  The 
admixtures affect and control the rate of hydration 
(for workability and set time), and the water reducers 
(e.g., plasticizers) affect the amount of water needed 
for fluidity and flowability to ensure the fresh concrete 
can get to its intended location without clogging the 
lines.  Brown (2005) reported that the concrete or 
grout mix should provide “that all solids remain in 
suspension without excessive bleed-water, must be 
capable of being pumped without difficulty, penetrate 
and fill open voids in the adjacent soil, and allow for 
insertion of the steel reinforcement.”  Therefore, a 
high slump, fluid concrete or grout mix (with 
aggregates of fine gravel with a máximum particle 
size of 18 mm (¾-inches)) should be used.  Through 
the action of the displacement tool, the borehole wall 

is compacted and is relatively smooth, which reduces 
the concrete overbreak and eliminates risk of over-
augering.   

4.3 Insertion of Steel Reinforcement 
Depending upon the technique used to construct 

the DDP, the steel reinforcement (cages, bars, 
beams, etc.), when required, can be placed either 
prior to or after the extraction of the tool and 
concreting.  For displacement tools that have a large 
internal passage (Figure 3), it is possible to insert the 
steel reinforcement inside the hollow stem prior to 
the placement and injection of concrete.  In this 
instance, the tip at the end of the tool is sacrificial, 
and serves as the injection location for the concrete.  
The tool is then extracted during the concreting 
process. 

For most techniques, however, the steel 
reinforcement is inserted after the tool has been 
extracted, the concreting completed, and while the 
concrete is still fresh.  Depending upon depth, 
reinforcement configuration, and fluidity of the 
concrete, the reinforcement may need to be pushed 
or vibrated into place. 

 

 
Figure 3. Photograph of sacrificial tip, lower section 
of a cylindrical displacement tool, and the internal 
passage within the hollow stem of the tool 

5 TYPES OF DISPLACEMENT PILES & TOOLS 

As Brown (2012) explained, “the torque and crowd 
required to construct a drilled displacement pile is 
substantial…the energy required to install the pile is 
related to the resistance of the soil to the 
displacement, and so the piles are often installed to 
a depth that is controlled by the capabilities of the 
drilling rig.”  For the installation of conventional 
DDPs, modern hydraulic drilling/piling rigs are 
capable of producing high torque (≥500 kN-m or 
≥370,000 ft-lb) and large crowd forces (450 kN or 
100,000 lb), which are needed for the desired pile 
diameters and depths. 

Paniagua (2006) provided a detailed history of the 
evolution of DDPs and the principal advancements 
realized during each of these three generations.  
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Basu et al (2010) present a comprehensive narrative 
and thorough review for many of the different tools 
and techniques used to construct displacement piles 
in Europe and North America.  It is important to note 
that the advancements made in DDP technology are 
the direct result of contractors and equipment/tooling 
manufacturers developing practical solutions to 
actual problems and issues. 

The early methods (prior to the 1970s) used to 
construct displacement piling (“first generation” piles) 
focused on either soil removal during the 
advancement of the tool or on the insertion of large 
casing into the ground during advancement.  
Moreover, relatively low torque (50-100 kN-m or 
37,000 to 74,000 ft-lb) was required by the drilling 
equipment to perform these piles, but the production 
was slow.  The methods comprising these first 
generation piles include: Atlas piles, DeWaal piles, 
Franki VB piles, Fundex piles, and Olivier piles.  The 
next version of displacement piles emerged during 
the 1970s and improved upon the production rate 
achievable during advancement by adding partial 
auger flighting near the bottom of the tooling.  
Methods comprising this second generation of 
displacement piling include: Pressodrill pile, Tubex 
pile, SVB pile, and SVV pile.  Since the 1980s and 
even moreso during the last two decades, there has 
been advancements in the tooling (e.g., increased 
diameters, and design of the flights and body to 
increase production), techniques (e.g., reduced 
vibrations, spoils, and noise), and drilling equipment 
(e.g., greater torque and pulldown crowd force, which 
permit larger diameters and greater depths).  
Methods comprising this third generation of DDP 
include: Omega pile, Berkel Auger Pressure Grouted 
Displacement (APGD) pile, Menard controlled 
modulus columns, Trevi Discrepiles, and 
displacement piles constructed using the Soilmec 
Traction Compaction Tool (TCT). 

To highlight the main differences among select 
displacement piling methods, the following sections 
provide a succinct overview of select techniques.  A 
schematic of four displacement piling methods 
(DeWaal pile Fundex pile, Omega pile, and Berkel 
APGD pile), photographs of different Soilmec 
Discrepile tools, and a schematic of the Soilmec 
Traction Compaction Tool  are provided in Figures 4, 
5, and 8, whereby both the displacement mechanism 
can be discerned and the differences in the shape of 
the completed DDP can imagined. 

5.1 DeWaal Pile 
During the drilling phase, the De Waal displacement 
tool (Figure 4b) is advanced downward into the 
formation using clockwise rotation and crowd force.  
Once the desired depth is reached, concrete is 
placed into the hollow stem of the drill string to a 
prescribed distance above the ground surface (i.e., 
head), and then the sacrificial tip at the bottom of the  

    
(a) (b) (c) (d) 

Figure 4.  Schematic of select Displacement Pile 
methods: (a) DeWaal Pile, (b) Fundex Pile, (c) 
Omega Pile, and (d) Berkel APGD Pile (modified 
after Basu and Prezzi, 2005) 
 
tool is released.  The tool and drill string are 
extracted using clockwise rotation while maintaining 
a constant head of concrete within the hollow stem, 
resulting in a relatively smooth surface.  The steel 
reinforcement is typically inserted into the borehole 
after the concrete has been placed but while it is still 
fresh.  In some instances, the steel reinforcement 
can be inserted into the hollow stem prior to the 
placement of concrete.  Typical diameters achievable 
with this technique range from about 300 to 600 mm 
(12- to 24-inches), and to a maximum depth of about 
25 m (82 ft). 

5.2 Fundex Pile 
For Fundex displacement piles, the tool with a 
conical auger tip (Figure 4c) is advanced downward 
into the formation with clockwise rotation and crowd 
force, thereby displacing the soil radially outward.  
Once the desired depth is reached, steel 
reinforcement is inserted into the hollow stem, the 
sacrificial drilling tip, which forms the enlarged pile 
bottom, is released, and concrete is placed into the 
hollow stem.  The tool/drill string are then extracted 
using an oscillating up-and-down motion along with a 
180° clockwise-counterclockwise rotation, while 
ensuring the concrete is maintained at desired level 
within casing.  The withdrawal process produces a 
nearly smooth shaft.  The possible diameters and 
lengths for Fundex piles range from about 450 to 675 
mm (17.5- to 26.5-inches) and to a maximum depth 
of about 35 m (115 ft), respectively (Basu et al, 
2010). 

5.3 Omega Pile 
As shown in Figure 4d, the diameter of the flange 
along the length of the Omega tool and partial auger 
flights increases gradually and similarly from both 
ends of the tool toward the displacement body (with 
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maximum diameter).  For displacement piles 
constructed using this method, the tool (with a 
varying diameter) and drill string are advanced 
downward into the formation using clockwise rotation 
and crowd force.    Once the desired depth has been 
reached, concrete is injected under pressure and the 
sacrificial tip is released.  During the extraction of the 
tool while maintaining a clockwise rotation, concrete 
is injected under pressure until the tool and drill 
string are fully extracted from the borehole.  The 
reinforcement cage is inserted (assisted by vibratory 
means and/or downward force) down into the fresh 
concrete. For some Omega piles, it is possible to 
place the steel reinforcement (e.g., cage or bar) into 
the drilling stem prior to the placement of concrete 
(Bottiau, 2006). 

5.4 Berkel (APGD) Pile 
For the Berkel Auger Pressure Grouted 
Displacement (APGD) pile, the tool (Figure 4e) is 
advanced downward into the formation with 
clockwise rotation and crowd force.  Once the 
desired depth is reached, high-strength grout is 
injected under pressure through the hollow stem of 
the drill string.  Once the initial target pressure is 
achieved, the extraction of the tool maintaining a 
clockwise rotation and grouting of the borehole is 
initiated.  Pressurized grouting is continued along 
clockwise rotation of the tool until the tool and drill 
string are fully extracted from the borehole.  After the 
tool is removed from the borehole and while the 
grout is still fresh, the steel reinforcement is inserted 
in the grouted hole.  Essentially, two types of APGD 
piles can be constructed: (1) partial displacement 
piles in loose to dense sands (with N<50) where the 
diameter ranges from 300 to 500 mm (12- to 20-
inches) and to about 17 m (80 ft) in length, and (2) 
full displacement piles in loose-to-medium dense 
sands (corresponding to SPT blow count N<25) 
where the diameter can range from 300 to 450 mm 
(12- to 18-inches) and to about 24 m (79 ft) in length  
(NeSmith, 2002). 

5.5 Trevi Discrepile 
The cylindrical (“Cilindrico”) displacement tool 

shown in Figure 5a is well suited for soft ground 
conditions: loose to medium-dense sands, soft clays, 
and organic soils.  The conical (“Conico”) 
displacement tool is shown in Figure 5b, and is well 
suited for stronger ground conditions: medium-dense 
to dense sands and stiff clays.  The conical tool is 
modular, and is composed of four primary sections: 
(1) a drilling tip fitted with teeth appropriate for the 
soil conditions being drilled, (2) a lower section with 
right-handed partial auger flights that move the soil 
upward toward the displacement body, (3) a central 
cylindrical body that stabilizes and displaces the soil 
radially outward thereby producing the actual pile 

diameter, and (4) an upper section with left-hand 
partial auger flights that move the soil above the tool 
downward toward the displacement body.  Different 
pitch lengths can be used on the auger flighting 
depending upon the anticipated soil conditions: (1) a 
short pitch is preferable for very loose and fine 
sands, soft clays, and organic soils, (2) a medium 
pitch is suitable for medium-dense sands and 
medium clays, and (3) a long pitch is preferable for 
medium-dense to dense cohesionless soils, medium 
to stiff clay, and sandy gravel. Cylindrical and conical 
displacement tools are able to form boreholes with 
diameters ranging from about 350 to 600 mm (13.5- 
to 26.5-inches). 

 

  
(a) (b) 

 
(c) 

Figure 5.  Different types of Soilmec Discrepile 
tooling: (a) cylindrical tool, (b) conical tool, and (c) 
eccentric roller tool 

 
The eccentric roller (“Pirucca”) displacement tool 

shown in Figure 5c is ideally suited for soft to 
medium ground conditions: loose to medium-dense 
sands, soft clays, and organic soils.  Given the 
eccentric nature of the tool, only a portion of the 
roller is in contact with the soil at a time, while the 
remaining main portion of the tool/drill string is away 
from the wall, thereby decreasing the frictional 
resistance acting on the tool/drill string.  As a result, 
less torque is needed to rotate and advance the 
tooling/drill string, which allows the use of 
smaller/lighter drill rigs (lower operational and 



MARINUCCI, A. 7 

 

SOCIEDAD MEXICANA DE INGENIERÍA GEOTÉCNICA A.C. 

transport costs). Soil that is not compacted into the 
borehole by the eccentric roller is moved downward 
toward the displacement body by the downward 
spiraling auger flights.  Eccentric-type roller tools are 
able to form boreholes with diameters ranging from 
about 450 to 600 mm (17.5- to 26.5-inches).  

The requirements for proper selection of a drill rig 
capable of constructing displacement piles using the 
Discrepile tools include (a) a rotary head capable of 
delivering rotation at about 20 to 25 rpm, (b) a rotary 
head capable of delivering at least 200 to 250 kN-m 
(147,000 to 185,000 ft-lbs) of torque, (c) a pull down 
system with a crowd force of at least 200 kN (45,000 
lb); and (d) a pull-up system capable of providing an 
extraction force of at least 200 kN (45,000 lbs).  The 
concrete pump should be sized according to the 
expected extraction rate of the drill string, the volume 
of the void created by the displacement tool as it is 
extracted, and the required pressure range that will 
be used during the injection of the concrete. 

5.5.1 Case History – La Prua Business Center; 
Rimini, Italy 
To support the proposed mixed-use residential and 
business structures for the new La Prua Business 
Center located along the waterfront in Rimini 
(Figures 6 and 7), the design engineer estimated that 
more than 20,000 linear meters (65,000 linear feet) 
of bored and/or driven piling would be required to 
support the building structures.  At this site, the 
general subsurface profile consisted of a layer of silt 
with sand and clay to a depth of about 3.1 m (10 ft) 
underlain by a 7.8 m (25.5 ft) thick layer of medium-
coarse sand with silt and rounded pebbles, which 
was underlain by a 14.05 m (46 ft) thick layer of 
clayey silt with traces of organics.  Beneath the 
clayey silt layer, there is a 2.1 m (6.9 ft) thick layer of 
medium sand with silty gravel, underlain by a 1.1 m 
(3.6 ft) layer of gravel with sand and silt, which is 
then underlain by a 6.8 m (22.3 ft) thick layer of 
clayey silt and clay with interbedded lenses of sand. 
 

 
Figure 6.  Aerial photograph of the location (outlined 
in red) for the proposed mixed use, residential-
commercial structure 

 
Figure 7.  Axonometric illustration of the proposed 
mixed use, residential-commercial structure 

 
The original foundation options (Figure 8) included 

bored piles stabilized with bentonite slurry during 
drilling and driven piling.  However, it was deemed 
that the driven piling operations would have caused 
excessive environmental concerns (e.g., noise and 
vibrations) to the nearby residents and surrounding 
buildings, respectively.  In addition, there was 
concern that the bored pile operations, especially the 
use of bentonite slurry, would have issues related to 
the cleanliness of the jobsite and effect on the 
surrounding roads resulting from the trucks 
transporting the excavated and removed the spoils. 

 
Figure 8.  A portion of the plan view of the foundation 
structure layout beneath the curved structure and the 
middle structure 

 
As an alternative to conventional piling, the 
geotechnical specialty contractor, Trevi S.p.A., 
proposed using unreinforced displacement piles 
installed in a diamond shaped pattern for ground 
improvement beneath the structures (Figure 9).  
There was concern expressed by the owner / 
engineer that the unreinforced displacement pile 
elements would not provide structural support should 
it be required or needed.  To ensure adequate 
support for the structures and allay any concern by 
the owner, the contractor performed a compression 
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test on a sacrificial, non-production displacement pile 
(Figure 10).  As shown in Figure 11, at a load of 
about 176 tons, the top and creep displacements 
were approximately 8.5mm (5/16 inch) and 3mm (1/8 
inch), respectively. 
 

 
(a) 

 
(b) 

Figure 9.  (a) Trucated plan view showing the pattern 
of the installed displacement piles, and (b) 
photograph of two exposed tops of completed 
displacement piles 
 

 
Figure 10.  A photograph of the compression test 
load frame.  Note: a steel sleeve was used to 
laterally restrain/support the exposed portion of the 
displacement pile. 

 
(a) 

 
(b) 

Figure 11. Graphical depiction of the load-
displacement behavior from (a) a compression load 
test on an unreinforced displacement pile, and (b) a 
creep load test performed with a constant load 
maintained for 60 minutes 
 

In total, about 1,600 piles with a diameter of about 
600 mm (24-inches) and an approximate length of 25 
m (82 ft) were installed using a conical displacement 
tool and a Soilmec SR-65 drill rig.  Due to the 
compactive nature of the tool and the resulting face 
of the borehole wall, the concrete overbreak was 
kept to a minimum, as anticipated, and averaged 
between 5% and 10% above theoretical.  In addition, 
the drill spoils that needed to be disposed were also 
kept to a minimum, where the disposal volume 
averaged between 5% and 10% of the total volume 
of installed piling. 

5.5.2. Case History – Monselice Hospital; Monselice, 
Italy 

Located southeast of the Euganean Hills and 
southwest of Padua in Italy, the Monselice Hospital is 
located in a town with a population of 18,000 
inhabitants and in an area with substantial 
geothermic activity, leading to the popularity of local 
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hot springs and mud spas.  By working with nature, 
the building’s designers incorporated the use of the 
underground geothermal resource to heat and cool 
the hospital.  The foundation for the hospital was 
constructed using displacement piling technology to 
maximize the benefit of minimal removal of the 
drilling spoils, noise, and vibration.  The geology 
below the hospital was very amenable to 
displacement piling construction because it was 
characterized by fine to medium-density sand (SPT 
N-values≤45) and silty clay with the groundwater 
table located about 0.9 m (3 feet) below the ground 
surface. 

The displacement piles were installed by Trevi 
S.p.A. using a Soilmec SR-80 drill rig fitted with the 
displacement pile kit and the conical displacement 
tool (Figure 12).  The in situ soil was displaced and 
compacted radially during downward penetration 
during the drilling phase.  

 

 
Figure 12.  Installation of displacement piles using a 
SR-80 drill rig and a conical displacement tool 

 
During the extraction phase, concrete was injected 

at the tip of the tool as the drill string was extracted.  
When the tool was out of the hole, the reinforcement 
cages equipped with geothermal loops were then 
installed in the fresh concrete.  The geothermal loops 
were incorporated into the displacement piles to take 
advantage of the stable subterranean temperatures 
where to provide the hospital with heat in the winter 
and air conditioning in the summer.  The piles were 
about 600 mm (24-inches) in diameter and ranged in 
length from about 17 to 24 m (55 to 80 ft), resulting in 
a total of about 44,000 linear meters (144,300 linear 
feet) of displacement piling.  The average daily 
production of displacement piling was about 16 piles 
per day or about 350-380 m per day (1,150 to 1,250 
ft/day). 

To provide control and monitoring during the 
drilling and concreting phases, the contractor utilized 
the monitoring system (Soilmec Drilling Mate 
System, “DMS”) that was integrated into the SR-80 

drill rig.  The monitoring system allowed the drill rig 
operators and jobsite personnel to monitor and 
accurately control the machine (e.g., drilling 
parameters and rig performance) in real time.  Data 
from the DMS was also streamed to a remote 
computer where jobsite managers were able to 
monitor, process, and document the project 
information. 

6 SOILMEC TCT – A NEW DDP TOOL 

For conventional displacement piling, as described 
above, where the soil is compacted during the drilling 
or penetration phase, a large, heavy, powerful drill rig 
is required to provide the crowd force and torque 
needed to achieve the desired displacement, 
diameter and depth.  Therefore, an effective manner 
to reduce the need for very large drill rigs for this 
work is to reduce the required crowd force and 
torque needed to push the drill string and tooling into 
the ground.  Soilmec S.p.A. patented a displacement 
piling technique using the Traction Compaction Tool 
(TCT) where the soil is compacted during the 
extraction phase of the pile construction instead of 
during the drilling phase, thereby reducing the 
amount of torque and crowd force required to turn 
the tooling and penetrate the ground. 

As shown in Figure 13, the TCT is composed of 
three main parts: (1) the lower section contains a 
drilling tip fitted with appropriate teeth (based on soil 
type) to facilitate penetration into the ground, a flight 
auger, a short drill string, and a concrete pivot gate 
that is connected to the hollow stem of the drill string; 
(2) the middle section contains flights and borehole 
stabilizer that is allowed to partially freely rotate 
around the hollow stem of the drill string, and are 
used to displace and compact the soil during 
extraction and concreting; and (3) the upper section 
is fitted with flights (only a few) rigidly connected to 
the drill string, which facilitate movement of the soil 
toward the displacement body during extraction.  The 
upper and lower sections of the TCT are fixed and 
turn simultaneously.  The special shape of the lower 
tip creates a separation with respect to the flight of 
the central tool’s portion, and the mechanical gate 
separates the tip section (where the concrete flows 
out from the hollow stem) from the main section of 
the tool. 

By maximizing the drill equipment operability with 
the TCT, comparatively smaller rigs can be used to 
achieve similar sized (diameter and depth) 
displacement piles constructed using conventional 
displacement piling tools/drill rigs, resulting in 
reduced operating and transport costs without 
sacrificing quality and productivity.  In addition to the 
benefits achievable with conventional DP methods, 
the advantages of constructing DPs using the TCT 
include the construction of larger diameter elements 
(up to 800 mm (32-inches)), the use of smaller/lighter 
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(a) (b) 

Figure 13.  Execution phases for Soilmec Traction 
Compaction Tool (TCT) – (a) drilling phase – minor 
and (b) extraction phase - soil is displaced and 
compacted radially into the surrounding soil 

 
drilling rigs, and higher quality of finished element 
because the mechanical gate separates the soil 
being displaced from the concrete being injected. 

During the development and trial phases of 
development, it was determined that displacement 
piles with diameters ranging from about 400 to 800 
mm (16- to 32-inches) could be constructed using 
the TCT.  Moreover, similar to conventional 
displacement piling and depending on the capability 
of the drill rig, the maximum achievable depth using 
the TCT is approximately 32.5 m (106 ft).  (Note:  at 
this time, the TCT has not been utilized in large-
scale, production work; consequently, comparative 
case histories, load tests, and other performance 
data are not yet publicly available.) 

Similar to conventional displacement pile 
construction, there are two distinct phases utilized 
during the construction of TCT displacement piling.  
First, during the drilling phase, the TCT (in open 
position, Figure 14a) is advanced into the ground 
and the disturbed in situ soil fills the flight of the tool 
but there is little-to-no compaction occurring during 
this phase.  Second, during the concreting phase, 
the TCT (closed position, Figure 14b) is extracted 
and the soil along the length of the pile is displaced 
radially into the borehole wall. 

During the drilling phase, the tool and drill string 
are rotated in a clockwise rotation and penetrate the 
ground using the single rotary drive and crowd force 
provided by the drill rig, causing the material to move 
upward as the tool moves downward.  Compared to 
the length of a typical continuous flight auger, the 
length of the TCT is short and the flights are few, 
which reduces the total friction that develops 
between the soil and the tool (on the flights and 
hollow stem).  As such, the torque and crowd force 
needed by the drilling rig to turn and advance the 
tool are also reduced. 

Once the desired depth has been achieved, the 
rotary drive turns the drill string in a counterclockwise 

direction; however, since the middle portion of the 
tool (i.e., “middle flights and stabilizer” in Figure 13a) 
is in intimate contact with the soil, the friction 
developed between the stabilizer and the ground 
does not allow this portion of the tool to rotate.  In 
addition, as the drill string is rotated counter-
clockwise, the lowermost flight (located below the 
stabilizer during the drilling phase) rotates into a 
position that essentially forms a cover plate above 
the concrete gate, effectively separating the soil to 
be displaced with the area to be concreted during 
extraction.  During extraction, the soil above the 
cover plate along the tool is rotated downward 
toward the stabilizer, which is then compacted 
radially outwards and into the borehole wall while 
concrete is pumped through the hollow drill string 
and out the pivot gate.  Through the action of the 
displacement tool, the borehole wall is compacted 
and is relatively smooth, which reduces the concrete 
consumption (i.e., overbreak) and eliminates risk of 
over-augering.  If required, steel reinforcement is 
placed after the tool is extracted from the hole and 
while the concrete is still fresh. 

 

 
(a) 

 
(b) 

Figure 14.  Soilmec R-625/SR-65 rig fit with the TCT 
advanced DP tooling: (a) tool in open position for the 
drilling phase, and (b) in the closed position that is 
used for the extraction/concreting phase 
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7 QUALITY CONTROL 

During construction, it is essential to control and 
monitor the various parameters that affect the 
integrity and performance of a displacement pile.  
During the drilling phase, the important parameters 
include the drilling depth, penetration speed, rotation 
speed of the tool, inclination of the tool guide mast, 
rotary torque, and crowd force.  During the extraction 
and concreting phase, the important parameters 
include the depth, lifting speed, rotation speed of the 
tool, inclination of the tool guide mast, rotary torque, 
extraction force, concrete pressure and flow, total 
volume of pumped concrete, and concrete 
overbreak.  During extraction, care must be 
exercised to coordinate the concrete pumping rate 
with the extraction rate of the tooling/drill string.  
Necking and other integrity issues may occur if the 
tooling/drill string is extracted too quickly 
comparatively, which would be realized in a pressure 
decrease on the gauge at the concrete pump.  The 
different parameters can be continuously monitored 
and recorded using automated monitoring systems 
that are integrated directly into the drilling rig, which 
are common on modern displacement drill rigs. 
Controlling and monitoring the various parameters 
during drilling and concreting assists with ensuring 
the quality of the finished product consistently meets 
project specifications. 

8 CONCLUSION 

The use of drilled displacement piles has increased 
significantly during the past two decades as a result 
of various factors including advancements in tooling 
(e.g., increased diameters, increase production 
rates) and equipment capabilities (e.g., greater 
torque and pulldown force permitting larger 
diameters and greater depths).  The various benefits 
resulting from the use of environmentally friendly 
displacement piles were presented, and include 
minimal drill spoils, reduced ground vibrations, and 
an increase in unit side friction and end bearing 
resistance.  As long as the soil can be displaced and 
compacted, the technique is ideally suited for a wide 
range of ground conditions ranging from soft-to-firm 
ground conditions and from sandy gravel to clay.  As 
such, displacement piling has been used for a wide 
array of applications on both public- and commercial-
type projects ranging from unreinforced columnar 
elements for ground improvement purposes (e.g., 
column-supported embankments) and as structural 
foundation elements (e.g., support for column 
loading).  For conventional displacement piles, the 
maximum diameter and depth that can be achieved 
range from about 300 to 800 mm (12- to 32-inches) 
and from about 24 to 35 m (80 to 115 ft), 
respectively, which are directly correlated with the 
capabilities of the drilling rig.  This paper provided an 

overview of the evolution of displacement piles, 
various types of techniques and tools, applicable 
ground conditions where the technology is suitable, 
and general requirements for the construction of 
displacement piles.  Recent advancements to 
displacement piling (e.g., Traction Compaction Tool) 
were presented, where piles can be constructed to a 
maximum diameter and depth of 800 mm (32-inch) 
and 32.5 m (106 ft), respectively, which also 
facilitates the use of comparatively smaller/lighter 
drill rigs, and lower operating and transport costs. 
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