
Pre-Print – Proceedings of GeoShanghai 2018 International 
Conference: Ground Improvement and Geosynthetics 

Shanghai, China 
 

1 

STEEL DRILLED DISPLACEMENT PILES (M-PILES)  

- OVERVIEW AND CASE HISTORY 
 

Antonio Marinucci, PhD, MBA, PE1 and Stephen E. Wilson, RPG2 

 
1 V2C Strategists, LLC. Brooklyn, NY, USA. Ph: +1 (401) 261-9102; E: antmarinucci@gmail.com 

2 M-Pile Sales, LLC. Salt Lake City, UT, USA. Ph: +1 (801) 288-8919; E: swilson@m-pile.com 

 

Abstract  Drilled displacement (DD) piles are cast-in-place piles that are formed with little or no soil 

removal, where the drilling tool displaces the soil radially outward into the formation and can be used for 

ground improvement and/or for structural foundation systems. Conventional concrete DD piles are 

constructed by injecting pressurized grout or concrete into the void space created during penetration of 

the displacement tool, where reinforcing steel is typically inserted after the tooling has been removed 

from the borehole. An M-Pile is a type of steel DD pile that is constructed using a conventional rotary 

drill rig to supply downward thrust and rotation to install into the ground a permanent steel pipe 

connected to a sacrificial drill bit. Steel reinforcement and concrete can be placed within the open inner 

space of the steel shaft to provide additional rigidity and structural strength. There are many benefits to 

using DD piles, including minimal amount of soil removal, low ground vibrations during installation, 

larger unit values of side shear, and a stiffer pile response to loading. In general, the use of DD piles 

where the in-situ soils can be displaced and compacted. The use of M-Piles is applicable in very loose 

(i.e., running)-to-medium dense granular soils and in very soft-to-firm cohesive soils. The steel shaft 

provides support to the unstable soil so that the integrity of the supporting ground and the performance of 

the completed pile will not be compromised during installation. This paper will provide a general 

overview of steel DD piles (M-Piles), how a pile is constructed, the applicability for their use, and the 

benefits afforded from using these piles. This paper will also present and discuss project conditions and 

test results via a mini case history where the M-Pile technique was implemented for the Bachelors 

Enlisted Quarters on Coronado Island in southern California, USA. 
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1. Introduction 

Drilled displacement (DD) piles refer to a specialized technology in which a bored pile is constructed 

using a process where rotation and downward thrust from a drill rig are applied to advance a specially 

designed tool into the ground. During installation, the in-situ soil is displaced radially outward into the 

surrounding formation, thereby resulting in a limited amount of drill spoils returning to the ground 

surface. DD piles are well suited for a wide spectrum of soil conditions, ranging from sandy gravel to 

clay, with the caveat being that the soil must be able to be both displaced and compacted. Brown (2012) 

explained, “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.” Modern hydraulic drilling/piling rigs must be capable of delivering high torque (≥370,000 ft-

lb (≥500 kN-m)) and large crowd forces (100,000 lb (450 kN)) to install DD piles properly to the desired 

depths required by the design. 

Paniagua (2006) provided a detailed history of the evolution of DD piles and the principal 

advancements realized during the development of the three generations of tooling. Basu et al (2010) 

presented a comprehensive overview for many of the different tools and techniques used to construct 

concrete DD piles in Europe and North America. DD piles can be classified as either partial or full 

displacement type according to the installation method and/or to the type and shape of tooling used to 

create the cylindrical or screw shaped steel or concrete pile (Figure 1).  

For typical concrete DD piles, concrete is injected and steel reinforcement (if required) is inserted to 

fill the created hole and to provide structural stiffness. Methods comprising modern types of concrete DD 
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piles include Omega pile, Berkel APGD pile, Menard CMC, Trevi Discrepiles, and Bauer FDP System. 

Depending upon the method and equipment, concrete DD piles range in diameter from about 300 mm to 

800 mm (12- to 32-inch) and to a maximum depth of about 35 m (115 ft), as reported in the published 

literature and commercial brochures. 

A steel DD pile (i.e., M-Pile) is constructed using a conventional rotary drill rig to supply downward 

thrust and rotation to install a permanent steel pipe that is connected to a sacrificial, proprietary 

displacement-drilling tip (to loosen the soil during advancement of the pile). If required per design, steel 

reinforcement bars and concrete may be placed within the open inner space of the steel pipe to provide 

additional rigidity and increased structural strength. M-Piles are about 325 mm (12.75 inch) in outside 

diameter with a wall thickness of about 9.5 mm (3/8 inch), and have been installed to a maximum depth 

of about 27 m (90 ft). On both commercial and private projects, M-Piles have been used as structural 

foundation elements, for ground improvement, and have been incorporated in the support of excavation 

design (i.e., as the soldier beam in a soldier beam-and-lagging system).  

This paper will focus on steel DD piles, and will provide an overview of this type of pile, applicability 

of its use, components, and installation. This paper will also present a mini case history (i.e., project 

conditions and static and dynamic load test results) for a project on Coronado Island, California, USA. 

 

    
(a) (b) (c) 

Fig. 1. Photographs of (a) a fabricated steel DD M-Pile with tip welded to steel casing and 

(b,c) concrete DD piles: cylindrical-shaped and screw-shaped (Marinucci and Chiarabelli, 2015) 

 

2. Generalized Construction Procedure 

During installation, an M-Pile is connected to the drill rig, positioned and plumbed at the desired location, 

and is rotated clockwise and penetrates the ground using the single rotary drive and crowd force provided 

by the drill rig. The drilling tip (Figure 1a) is used to loosen and displace the soil during the advancement 

of the pile. The drilling phase continues until the desired depth is achieved, whereby the maximum 

achievable depth is limited by the capabilities of the drill rig. When required, lengths of steel pipe can be 

added by splicing and welding to achieve greater depths. Once the desired depth has been achieved, the 

pile is disconnected from the drilling rig, where the drill can move onto the next location to continue pile 

installation. The sequencing of the placement of the infill concrete and steel reinforcement, when 

required, can occur concurrently or subsequently to the installation of the steel pipe. The concrete mix is 

typically a structural concrete mix composed of Portland cement, aggregate, water, and additives and 

admixtures (e.g., fly ash, water reducer, and plasticizer). Admixtures affect and control the rate of 

hydration (for workability and set time) and 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. The concrete infill can be placed using free-fall or tremie concrete placement methods.  

 

3. Applicability and Installation-induced Changes 

Steel DD piles are well suited for use in a wide range of soil conditions ranging from sandy gravel to clay, 

with the one caveat being that the soil has to able to be displaced and compacted. The soil surrounding a 
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DD pile 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 use of steel DD piles is applicable in very loose (running) to medium-dense cohesionless soil 

conditions, as long as the relative density (𝐷𝑟) is less than about 65%, CPT tip resistance (𝑞𝑐) is less than 

about 14 MPa (2,000 psi), and/or SPT N-values are less than about 30-35 blows/0.3 m (per ft). NeSmith 

(2002) reported that installation in dense cohesionless soils can be difficult and uneconomical. During 

installation, the void space is decreased and the soil structure is reorganized. In partially saturated or fully 

saturated cohesionless soils, the installation of the pile may generate excess pore water pressures in the 

soil surrounding the pile. For cohesionless soils with minor fines content (≤15%), the dissipation of 

induced excess pore water pressures will be relatively rapid and the beneficial effects of the installation 

are realized relatively soon after construction is complete. For cohesionless soils with appreciable fines 

(>15%), the dissipation will require time, which will depend on the length of the drainage path. 

The use of steel DD piles is suitable in very soft to stiff (yet displaceable) fine-grained and cohesive 

soils, where the undrained shear strength (𝑆𝑢) does not exceed about 100 kPa (2,000 psf). During 

installation, cohesive soils will undergo plastic deformation as they are compacted; however, stiff-to-very 

stiff cohesive soils are difficult to compact, rendering this method uneconomical in these soil conditions. 

In partially saturated or fully saturated conditions, the induced excess pore water pressures generated 

during installation will require time to dissipate, which may require some time to realize the increase in 

shear strength as the soil undergoes consolidation within the affected zone. In sensitive soils, the 

installation-induced disturbance may result in remolding of the soil and formation of residual shear 

planes, which could be detrimental to the soil structure, shear strength, and performance of the steel DD 

pile. 

 

4. Benefits and Advantages 

As described in the technical literature (e.g., NeSmith, 2004; Bottiau, 2006; and Basu et al, 2010), DD 

piles, in general, provide numerous benefits, including:  

• Larger values of side resistance are realized due to the ground improvement induced by the 

installation process (i.e., compaction / densification of the soil), which results in a comparatively 

stiffer load-displacement response for a DD pile than that of a similarly sized non-displacement 

pile. Therefore, the DD pile is able to achieve a given load resistance at a shorter length resulting 

in a lower cost (per ton of load). 

• An environmentally friendly construction approach, whereby only minimal amount of drill spoils 

return to ground surface, which lowers the risk associated with transport and disposal (especially 

contaminated material). 

• Minimal ground vibrations are generated during installation. 

• Cleanliness of the working platform resulting from minimal drill spoils returning to the surface. 

Steel DD piles can be installed in very loose or very soft soils because an open borehole is not required 

because the steel pipe provides the support to maintain the diameter. Moreover, there is increased 

flexibility with steel DD piles as additional lengths of steel pipe can be spliced to accommodate achieving 

greater depths due to changing conditions realized during construction. Furthermore, high production 

rates can be realized, as much as 300 to 400 linear meters of pile installed per shift (1,000 to 1,300 linear 

ft), since the steel pipe is left in the ground during one operation; the steel reinforcement / concrete infill 

can be placed during a separate operation, which allows the drill to move to the next location to continue 

installing the M-piles. 

 

5. Case History – P-730 Bachelors Enlisted Quarters Project 

A new 7-story mid-rise structure (P-730 Bachelors Enlisted Quarters) was constructed to house enlisted 

personnel on Coronado Island across the bay from San Diego in southern California, USA (delineated by 

red circle on Figure 2a). For this portion of the project, the foundation system was installed by the 

geotechnical specialty contractor Magco Drilling. Given the location and sensitivity of the site and its 
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surroundings, the design criteria mandated that the proposed foundation system minimally affect base 

operations, mitigate the detrimental effects of the potentially liquefiable sands and silty sands, produce no 

vibration at the site because of its sensitivity as an active base, and minimize the costly disposal of 

contaminated soils. 

The site investigation and laboratory testing program included 6 cone penetration tests (CPTs), 4 soil 

borings with sampling and standard penetration tests (SPTs), and laboratory tests on the soil samples for 

classification, compaction parameters, and to determine resistance/corrosion characteristics of the in-situ 

soils. The generalized subsurface profile (Figure 2b) consists mainly of silty sands, with a clay and silty 

clay layer beginning at a depth of about 21.3 m (70 ft). The upper 10.7 m (35 ft) of the deposit is 

composed of loose to medium dense silty sand, which is then underlain by a deposit of about 10.7 m (35 

ft) of medium dense to dense sand and silty sand. The lowermost layer sampled consists of clay and silty 

clay. At this site, the groundwater table was located at a depth of approximately 3 m (10 ft) from the 

ground surface. 

The purpose of the foundation system was three-fold: to support the expected vertical loading from the 

proposed structure, to resist ground motion due a design seismic event, and to provide resistance and 

support against potential liquefaction-induced deformations. As part of the original foundation design 

package, the designer offered two foundation options: a deep foundation system consisting of augered 

cast-in-place (ACIP) piles or a ground modification system consisting of vibratory stone columns. For the 

ACIP pile option, the piles would be 405 to 510 mm (16 to 20 inch) in diameter and would be installed on 

a center-to-center spacing of about 0.9 m (3 ft) or 2.5 pile diameters to a minimum depth of about 10.7 m 

(35 ft). In addition, full-scale load testing would be required for any ACIP pile element with a vertical 

design load of at least 356 kN (80 kips), and would include a lateral test load of 22 to 45 kN (5 to 10 kips) 

each. For the vibratory stone column option, the columns would be about 915 mm (36 inch) in diameter 

and would be installed on a center-to-center triangular spacing of about 2.4 m (8 ft) or 2.67 pile diameters 

to a minimum depth of about 15.2 m (50 ft). 

 

  
(a) (b) 

Fig. 2. (a) Map view of approximate project area on Coronado Island (image from Google Earth), and 

(b) generalized subsurface profile for proximity around the proposed building 

 

The specialty contractor offered an alternative foundation system option for consideration. For this 

option, steel DD piles (M-Piles) with a diameter of 324 mm (12.75 inch) and internal steel reinforcement 

and concrete infill would be installed a depth of 12 to 18 m (40 to 60 ft), as determined based on the 

loading requirements. For a factor of safety of 2.0, the M-Piles were designed for an axial compression 

and tension resistance of 1,068 kN (240 kips) and 512 kN (115 kips), respectively, for a pile embedment 

of about 18 m (60 ft). The upper 10.4 m (34 ft) of side resistance was neglected in the determination of 

the allowable axial resistance to address the potential zone of liquefiable soil and the potential loss of 

axial resistance due to liquefaction during the design seismic event.  
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   (c) 

Fig. 3. (a) plan view of the structure and M-Pile locations, and (b) connection detail for the M-Pile and 

pile cap/grade beam, and (c) cross-section A-A detailing the internal steel reinforcement for the pile 

 

Each of the piles was designed for an axial compression load (i.e., design load, DL) of 1,112 kN (250 

kips). The schematic shown in Figure 3a provides a plan view of the structure along with the approximate 

locations of the steel DD piles. In total, 273 displacement piles were installed at this site. As shown in 

Figure 3b, the schematic provides a cross-sectional view of the pile cap / grade beam attached to and 

supported by an M-Pile. Internal steel reinforcement was used in the uppermost 1.8 m (6.0 ft) of the pile 

with an approximate 0.6 m (2.0 ft) embedment into the pile cap / grade beam to develop and provide 

adequate shear and compression load transfer between the structural elements. The internal steel 

reinforcement (Figure 3c) consisted of a rebar cage comprising 5 ea, No. 29 (#9) longitudinal rebar that 

were bent on one side and transverse shear reinforcement consisting of a No. 10 (#3) rebar spiral at a 

pitch of about 76 mm (3 inch). 

The design assumptions of the axial resistance in compression were confirmed via full-scale load 

testing comprising three static compression tests, two static tension tests, and four dynamic tests. The 

project specifications required that the piles be loaded to a test load (TL) of 2,670 kN (600 kips) in 

compression, which was approximately 2.4*DL, and to 1,112 kN (250 kips) in tension. Linear variable 

displacement transducers (LVDTs) were used to measure the displacements at the top of the test piles, 

and the loads were measured and recorded using both a calibrated load cell and manually, to provide 

backup and confirmation. The piles had two levels of strain gages, one at 0.46 m (1.5 ft) below grade and 

one at 10.7 m (35 ft) below grade, to evaluate the behavior within the potentially liquefiable zone.  

The quick load testing procedures were used for the compression and tension load tests in accordance 

with ASTM D1143 (2013a) and ASTM D3689 (2013b), respectively. The load-displacement responses 

for the test piles determined using the results of the static axial compression and tension tests are shown 

in Figure 4. The project specifications stated that, when a pile does not exhibit a plunging failure, the 

failure load would be determined using the Davisson failure criterion (shown in Figure 4a and 4b via the 

dashed linear lines). The Davisson failure criterion is the point when the applied load intersects a curve 

that is defined as the elastic elongation of pile plus 0.15-inch (3.8 mm) plus 1% of the pile diameter. Test  

(b) 
(a) 
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(a) (b) 

(c)  

Fig. 4. Load-displacement responses for the test piles determined based on the static axial compression 

tests with Davisson Failure Criterion curves for test piles (a) P-1 and P-6 and (b) P-5, and (b) on the static 

axial tension tests 

 

piles P-1, P-5, and P-6 did not exhibit a plunging failure. For P-1 and P-6 (Figure 4a), the ultimate 

compressive load resistance was determined to be (a minimum of) 2,670 kN (600 kips). However, P-5 

intersected its Davisson failure curve (Figure 4b) at a compression load (i.e., ultimate compressive load 

resistance) of approximately 2,580 kN (580 kips). As shown in Figure 4c, the test piles (P-1 and P-5) 

were able of sustain an axial tension test load of 1,557 kN (350 kips) without obtaining a clear 

geotechnical failure. Therefore, based on the results of the static axial compression and tension testing, 

the project criteria were satisfied. 

The dynamic tests were performed by GRL Engineers, Inc. in accordance with ASTM D4945 (2012) 

and ASTM D7383 (2010) using a pile driving analyzer (PDA), the Case pile wave analysis program 

(CAPWAP), and the APPLE V drop hammer system. Though the piles would eventually be filled with 

steel reinforcement and concrete, only the outer steel pipe was in place at the time of the dynamic testing. 

In short, the CAPWAP process iteratively determines the soil model unknowns using signal matching and 

a numerical analysis procedure by analyzing the measured force and velocity data to solve for soil 

resistance parameters and their distribution along the length of a pile, which combines the pile and soil 

models of the wave equation with field measurements of the Case Method. The impact hammer used for 

the high-strain dynamic testing was the GRL APPLE V drop hammer system, with a ram weight of 

approximately 7,260 kg (8 tons) and a ram stroke (i.e., drop height) of about 762 mm (30 inch). 

The dynamic measurements were obtained using two accelerometers and two strain transducers 

attached on opposite sides of the piles. The recorded analog signals from the gages were conditioned, 
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digitized, and processed using the PDA, where the measurements were monitored during the high-strain 

dynamic impacts during the testing for indications of notable pile impedance changes and possible 

damage to the piles. Based on the measurements, no indications of pile damage were observed. Ultimate 

axial compressive resistance is defined when a permanent set approaches 5 mm (0.2 inch) during the 

dynamic testing. For these four dynamic tests, the smaller recorded sets (ranged from 0.05 to 0.13 inch, as 

shown in Table 1) imply that more soil resistance may have been available but were not observed or 

measured; therefore, the resistance was a mobilized resistance and not an ultimate resistance for the four 

tested piles. Based on the CAPWAP analyses for the four test piles, the axial compressive resistance due 

to the high-strain dynamic loading ranged from 2,935 to 3,605 kN (660 to 810 kips), as listed in Table 1. 

Morever, it was recommended that the axial resistance in tension (or uplift) be equal to 70% to 80% of the 

axial compressive resistance. Based on the results of the high-strain dynamic compression testing, the 

project criterion was satisfied. 

 

Table 1 - Testing details, measurements, and computed axial compressive resistance based 

on the results of the high-strain dynamic testing 

  Testing Details and Measurements Resistance or Capacity 

Pile 

No. 

Pile 

Embed. 

Drop 

Height 

Pile 

Set 

Avg  Max Stress 
End Side Total 

Compression Tension 

 m [ft] mm [in] mm [in] MPa [ksi] MPa [ksi] MN [kip] MN [kip] MN [kip] 

158 13.4 [44] 762 [30] 3 [0.12] 317 [46] 4.8 [0.7] 0.8 [180] 2.5 [550] 3.3 [730] 

173 15.5 [51] 762 [30] 1 [0.05] 331 [48] 4.1 [0.6] 0.8 [180] 2.8 [630] 3.6 [810] 

188 14.6 [48] 762 [30] 2 [0.07] 269 [39] 4.1 [0.6] 0.6 [140] 2.4 [540] 3.0 [680] 

209 14.3 [47] 762 [30] 3 [0.13] 283 [41] 6.9 [1.0] 0.5 [120] 2.4 [540] 2.9 [660] 

 

6. Conclusions 

The use of DD 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). As a result, DD piles have been used as structural 

foundations, for ground improvement, and in support of excavation systems. As long as the soil can be 

displaced and compacted, the technique is best suited for loose-to-medium dense cohesionless soils but 

can be used in a wide range of ground conditions ranging from soft-to-firm ground conditions and from 

sandy gravel to clay. During construction, the void space (porosity) decreases, and the soil structure is 

reorganized. The various benefits of DD piles were presented, and include enhanced unit side friction or 

resistance, minimal drill spoils, environmentally friendly, minimal ground vibrations, cleaner work area, 

and, ultimately, lower cost per kilonewton (or ton) of load. 

As a design alternative, 273 steel DD piles (M-Piles) with a diameter of 324 mm (12.75 inch) were 

installed to a depth ranging from 12 to 18 m (40 to 60 ft) to support a new 7-story mid-rise structure on 

Coronado Island. The proposed foundation system was designed to provide the required support for the 

structure as well as providing adequate resistance in the event of potential liquefaction of the loose-to-

medium dense silty sands in the upper 10.7 m (35 ft) of the deposit. Full-scale static and dynamic load 

testing was performed on sacrificial piles (only the outer steel pipe was in place at the time of the 

dynamic testing) embedded to a depth of about 18 m (60 ft) to a test load of 2,670 kN (600 kips) in 

compression, which was approximately 2.4 times the design load, and to 1,112 kN (250 kips) in tension. 

Based on the compressive load testing, the axial resistance in compression ranged from 2,580 to 2,670 kN 

(580 to 600 kips) due to static loading and from from 2,935 to 3,605 kN (660 to 810 kips) due to the high-

strain dynamic loading. Therefore, using the results of the load testing program, the pile lengths were 

shortened based on the anticipated specific pile loads and the depth of the liquefiable layer. Ultimately, 

the foundation alternative design and the full-scale testing provided a savings in both material and time to 

the project, even when including the costs for the testing.  
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