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ABSTRACT: Bearing behaviour of steel pipe piles and helical piles has been investigated in the past. How-
ever, their performance, considering similar pile tip diameter in dense ground condition is not well under-
stood. Based on the above, the present study was focused on the model study of closed-ended steel pipe piles
and single helix piles having similar tip diameters under dense ground conditions. Test results showed that
steel pipe piles require 332% and 417% higher installation force than helical piles having equivalent tip diam-
eters Dps = Dy = 43mm and 60mm respectively. However, the installation effort of screw pile in terms of
power consumption was on average 29% higher than steel pipe pile. Also, helical piles exhibit 27% less ultim-
ate bearing capacity than steel pipe piles having equivalent tip diameters. It was also observed that the instal-
lation force required to install the steel pipe pile is quite close to the ultimate bearing capacity of pile.

1 INTRODUCTION

Deep foundations are preferred worldwide when
a shallow stratum does not offer sufficient resistance
required to carry the superstructure load. In the evo-
lution of pilling industry, various types of piles and
construction methods have been developed and
implemented at construction sites. This advancement
includes driven/displacement piles, and are preferred
both for onshore and offshore structures. The reason
behind the preference of driven piles (steel pipe
piles, helical piles, etc.) over classic non-
displacement piles is attributed to legislation and
restrictions on the allowable noise, generated during
the installation of deep foundations, especially in
urban environments. Araki (2013), Sato et al.
(2015), Hirata et al. (2005) acknowledged the use of
small-diameter steel pipe piles and spiral piles in
solar power generations projects. The press-in piling
technique is used for the installation of steel pipe
piles (Deeks & White 2007). Whereas, the rotatory
press-in method is used for helical pile installation
(Lutenegger 2009). These installation methods are
often labelled as “the silent method” owing to the
reduced noise level and minimized vibration to abut-
ting structure. Close-ended steel pipe piles cause
minimized displacement compared to driven con-
crete piles (Leppanen 2000). Installation methods
have different effects on the surrounding ground and
the ultimate bearing capacity of the pile. According
to Phuong et al. (2016), installation of jacked piles
densify the surrounding ground and thus result in
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increased static bearing capacity. It was investigated
through acoustic emission that breakage of sand par-
ticles occurred in the shear zone area when the
close-ended pile is driven. Moreover, the sand below
the pile tip, i.e. within the compression zone showed
insignificant breakage (Mao et al. 2020). According
to Perko (2009), crowd (axial) force should be
applied for ensuring the advancement of the helical
pile in the ground and should be equal to at least
80 percent of the blade pitch during each revolution.
The geometry of helical elements, soil properties
and depth of installation effect the installation torque
(Ghaly 1991). Malik (2019) investigated that the
thickness of helix also affects helical pile perform-
ance under dense ground conditions if it is deflected
or deformed.

A lot of researches have been conducted on the
axial capacity of driven pile in dense sand but still, it is
the most arguable area with high uncertainty in foun-
dation design (Randolph et al. 1994). Also, previous
research studies were mainly focused on understanding
individual behaviour of steel pipe piles and helical
piles. Therefore, the current study was focused on the
performance of close-ended steel pipe piles and single
helix helical piles under similar pile tip diameter and
ground conditions. In the current study, steel pipe piles
were installed in dense ground using the pressing
method of installation. Whereas, helical piles were
installed in dense ground with a combination of press-
ing and rotation mechanism. In the case of helical
piles, the pressing rate and rotation were adjusted in
such a way that 1 pitch penetration was achieved in 1



rotation of helix. Steel pipe piles having different shaft
diameters and helical piles having different helix diam-
eters were considered in this study. Installation force
was measured during the installation of steel pipe piles
and helical piles. Whereas, the installation torque was
also measured for helical piles. Subsequently, the bear-
ing capacities, including shaft resistances as well as
base capacities were observed. Installation effort
(installation force, installation torque) required for
installing the piles and bearing capacities of closed-
ended piles (steel pipe pile and helical pile) having
similar tip diameters were compared.

2 TESTING EQUIPMENT

In this study, model close-ended steel pipe piles and
close-ended single helix helical piles were used.
Length of the pile (600mm) was identical in both types
of piles. Steel pipe piles having different shaft diam-
eters (Dpg = 21.7mm, 43mm and 60mm) were used in
this study. Dimension details of steel pipe piles are
shown in Figure 1. On the other hand, helical piles
having an equivalent shaft diameter (Dyg = 21.7mm)
but different helix diameters (Dy = 43mm and 60mm)
were used (see Figure 1). To achieve the objectives of
this study, equivalent tip diameters were used for both
steel pipe piles and helical piles (Dpg = Dy = 43 and
60mm). Consistent helix to pitch ratio (Dy/P = 3.6)
were considered in this study. The pitch of helix was
measured from the inner edge of the upper and lower
helix blades. Both steel pipe piles and helical piles
comprised of a hollow central shaft having a flat end
attached at the bottom.

Strain gauges were also fixed on the bottom of the
inner side of the pile wall to measure the shaft resist-
ance during the pile load test. Preparation of model
ground was accomplished in a steel container using
Toyoura sand in dry condition. Toyoura sand was com-
pacted to a relative density of 70% to assure homogen-
eity in all tests. The properties of Toyoura sand used
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Figure 1. Model steel pipe piles and helical piles.

273

are: specific gravity = 2.65, D5y (50% pass particle
size) = 0.20mm, maximum void ratio (€max) = 0.98
and minimum void ratio (ey,;,) = 0.60. Both pile types
were designed to nullify the impact of pile size and
soil on measured data.

According to Dickin (1983) and Abdoun et al.
(2008), in the model-scale test, the size of the buried
structure should be 48 times greater than the D5, value
to eliminate the size effect. In this study, the shaft
diameter of the steel pipe pile (Dpg) was ranging from
21.7mm ~ 60mm and the Dso value of the soil was
0.2mm. Thus, ratio Dg/Ds was ranging between 109 ~
300. Helical piles used in this study also share the
similar range because the steel pipe pile shaft diameter
(Dps) and the helix diameter (Dy) are consistent in this
study. Hence, it is believed that the results were not
affected by the size of the pile and the soil particles.

Also, the size of the model container is crucial
owing to its influence on the pile capacity measure-
ment. Previous research shows that the loading influ-
ence zone ranges from 3 to 8§ times the pile diameter
(Kishida 1963, Robinsky 1964). Yang (2006) pro-
posed an influence zone in clean sand above the pile
tip to be 1.5 to 2.5 times the shaft diameter and 3.5
to 5.5 times the shaft diameter below the pile tip.
The dimensions of steel container were carefully
selected in an attempt to avoid the influence of
boundary conditions on the data measurement during
installation and pile load testing. In this study, the
cylindrical steel container having a diameter of
1000mm and a height of 1100mm was used. The
container diameter was 15Dpg and the vertical clear-
ance beneath the pile was 10Dpg for the pile having
a maximum diameter (Dpg = 60mm). The displace-
ment control loading system was used to install the
pile. Whereas, the rotation system was used to rotate
the pile during the installation. Installation force and
torque were monitored with the help of load and
torque transducers. The pile penetration during the
installation and the pile load test were measured
with the help of displacement transducer. The data
logger was used to record all the data (Figure 2).
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Figure 2. Schematic illustration of testing equipment.



3  TESTING PROCEDURE

The model ground was prepared using Toyoura
sand, compacted using rammer in such a way
that each compacted layer had a thickness of
100mm. The total depth of the compacted model
ground was 1000mm. The relative density of
each compacted layer was 70%. Uniformity of
the model ground was maintained in all tests.
Subsequently, model steel pipe piles and helical
piles were installed in the model ground. Steel
pipe piles were installed using the pressing
method of installation. Whereas, helical piles
were installed with a combination of pressing and
rotation mechanism. The penetration rate for
installing both types of piles was 15mm/min. In
the case of helical piles, the rotation rate was
adjusted in such a way that 1 pitch penetration
was achieved in 1 rotation of helix. The embed-
ment depth (Eg4) of the piles during installation
was measured with the help of displacement
transducer. Whereas, the installation force (F) and
the installation torque (T) were measured with
the help of load and torque cell. Installation of
piles was followed by pile load tests. During pile
load testing, the penetration rate of the pile was
reduced to 2mm/min. The settlement (S) of the
pile during pile load test was measured with the
help of displacement transducer. Whereas, the
compressive force (P) was measured using the
load cell.

4 RESULTS AND DISCUSSION

4.1 Steel pipe piles

In this test series, steel pipe piles having an equiva-
lent pile length but different shaft diameters were
installed by the pressing method. The pressing rate
of 15mm/min was considered during the installation
of piles. Steel pipe piles having three different shaft
diameters (Dpg = 21.7mm, 43mm and 60mm) were
installed in the dense ground.

Pipe piles were installed to an embedment
depth of 400mm. The installation force (F) was
recorded during the test. Test results indicated
that the installation force was increased almost
linearly with depth as shown in Figure 3. Also,
an increase in shaft diameter increased the instal-
lation effort (installation force) as shown in
Figure 4. Increase of 40% shaft/tip diameter of
pipe piles (from 43mm to 60mm) increased the
installation force by 61%.

After the installation of the pile by adopting
the pressing method, pile load tests were con-
ducted for steel pipe piles having different shaft
diameters. The loading rate of 2mm/min was used
for the pile load test. It was observed that the
bearing capacity of the pile was increased with
increase in pile shaft diameter. Increase of 40%
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Figure 3. Effect of steel pipe pile shaft diameter on the
installation force in dense sand.
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Figure 4. Relation of normalized pile shaft diameter with
normalized installation force.

shaft/tip diameter of pipe piles (from 43mm to
60mm) increases the ultimate bearing capacity
(measured at plunging state; state at which load
to settlement ratio becomes constant) by 64%. Al-
Soudani & Fattah (2020), investigated the effect
of diameter on bearing capacity of close-ended
steel pipe piles through the model study using
fine sandy soil. It was reported that an increase in
pile diameter of close-ended steel pipe piles from
20mm to 40mm increased the bearing capacity by
320-680%.

Contribution of shaft resistance and base capacity
in the bearing capacity of steel pipe piles was also
explored. It was observed that both shaft resistance
and base capacities were increased with an increase
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in shaft diameter (Figure 5). Chow (1995) and Ran-
dolph et al. (1994) investigated that the unit skin
friction capacity (shaft resistance) of a pile may be
influenced by lateral effective stress at the pile-soil
interface. Increase in shaft resistance can be attrib-
uted to increased surface area (increases with the
diameter of the pile). Similarly, an increase in base
capacity can be attributed to the increased bearing
area for large tip diameter piles compared to piles
having small tip diameters. It was also observed
from test results that there was a nominal difference
between the maximum installation force and the
ultimate bearing capacity (considered at settlement
equal to 15% of pipe pile shaft diameter) of steel
pipe piles (Figure 6).
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Figure 5. Load-settlement curves of steel pipe piles having
different shaft diameter in dense sand.

8
Qu = Ultimate bearing capacity
of the piles ; 15% of pipe pile
shaft diameter
6 {F = Maximum Installation force 9
for installing the piles 2
= - y=0.99x
é: 4 7 R=099
o £
7
.
2 4 i
/
e
7
0 & . . .
0 2 4 6 8
F [kN]

Figure 6. Relation of maximum installation force and
ultimate bearing capacity of steel pipe piles in dense sand.
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4.2 Helical piles

In this test series, helical piles having an equivalent
pile length were installed by the pressing and rota-
tion method. The pressing rate of 15mm/min was
considered during the installation of piles. The press-
ing rate and rotation were adjusted in such a way
that 1 pitch penetration was achieved in 1 rotation of
helix (recommended by Perko (2009)). Helical piles
having a similar shaft diameter (Dyg = 21.7mm) but
with different helix diameters (Dy = 43mm and
60mm) were installed in the dense ground. Helical
piles were installed to an embedment depth of
400mm.

Installation force (F) and installation torque (T)
were recorded during the tests. It was observed that
the installation force was increased with depth in all
tests. It was also revealed by the test results that
increase in helix diameter increased the installation
force (Figure 7).

Installation torque (T) also experienced an
increase with depth (Figure 8). This increase in
installation torque with depth is in line with the
study conducted by Ghaly et al. (1991). Ghaly
et al. (1991) investigated that installation torque
increases with an increase in soil strength param-
eters and/or installation depth. It was observed
that the pile having a greater helix diameter
(60mm) required greater torque for installation
compared to that having a small helix, 43mm
(Figure 8). The discrepancy in torque require-
ments, by helical piles having different helix
diameters, for achieving the final installation
depth is in line with findings of Ghaly et al.
(1991). Ghaly et al. (1991) support the increment
of installation torque requirements with the
increase in shaft to helix diameter.

Pile load tests were also conducted for helical
piles using 2mm/min loading rate (also adopted by
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Figure 7. Effect of helix diameter of the helical pile on
installation force in dense sand.
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Figure 8. Effect of helix diameter of the helical pile on
installation torque.

Matsumiya et al. 2015). The test results showed
that a pile having a large helix exhibit enhanced
bearing capacity compared to a pile having a small
helix (Figure 9).

It was observed that the ultimate bearing capacity
(considered at settlement equal to 15% of helical
pile shaft diameter) of helical piles increased by
60% by increasing the helix to shaft diameters by
40% (Dy/Dys = 1.98 to 2.76) as shown in Figure 9.
This increase in the ultimate bearing capacity owing
to increased helix diameters is in line with the study
by Sakr (2011). Sakr (2011) identified that trimming
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Figure 9. Load-settlement curves of helical piles with dif-
ferent helix diameters in dense sand.

the pile helices results in reduction of axial capacity
of piles because of reduced bearing area.

4.3  Comparison of steel pipe piles and helical
piles having equivalent tip diameter

Steel pipe piles and helical piles having equivalent tip
diameters were also compared for their installation
effort requirement and bearing behaviour. The installa-
tion force of steel pipe piles having tip diameters
(Dps) of 43mm and 60mm were compared with hel-
ical piles having similar helix diameters (Dy). It was
observed that, in general, the axial force requirement
for installing steel pipe piles is quite high compared
to helical piles having equivalent helix diameters.
This discrepancy in axial force required for installa-
tion is owing to different installation mechanism; steel
pipe piles are installed using the pressing method.
Whereas, the rotation also accompanied pressing for
installing helical piles. The comparison of steel pipe
piles and helical piles having the equivalent tip diam-
eter shows that the installation force of steel pipe pile
was increased by 332% for Dpg = Dy = 43mm and
417% for Dpg = Dy = 60mm (see Figure 10). How-
ever, the installation effort of screw pile (installation
force and torque) in terms of power consumption was
on average 29% higher than steel pipe pile. The com-
parison of load-settlement curves of steel pipe piles
and helical piles having the equivalent tip diameter
shows that steel pipe pile bearing capacities are more
than helical piles as shown in Figure 11. Figure 12
showed that the ultimate bearing capacity of the hel-
ical pile is 27% less than a steel pipe pile having
a similar pile tip area under dense ground conditions.
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Figure 10. Comparison of installation force of steel pipe
piles and helical piles having equivalent tip diameter.
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Figure 11. Comparison of load-settlement curves of steel
pipe piles and helical piles having equivalent tip diameter.
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between steel pipe pile and helical piles in dense sand.

5 CONCLUSIONS

This study was based on the comparison of steel
pipe piles and helical piles having equivalent tip
diameters. Following conclusions are drawn from
the test results:

1. Steel pipe piles require 332% and 458% higher
installation force than helical piles having equiva-
lent tip diameters Dpg = Dy = 43mm and 60mm
respectively. However, the installation effort of
screw pile (installation force and torque) in terms
of power consumption was on average 29%
higher than steel pipe pile.

2. Helical piles exhibit 27% less ultimate bearing
capacity than steel pipe piles having equivalent
tip diameters.

3. In the case of steel pipe piles, the installation
force required to install the pile is quite close to
the ultimate bearing capacity of the pile (con-
sidered at settlement equal to 15% of pipe pile
shaft diameter). The ultimate bearing capacity of
steel pipe piles is 0.99 times the maximum force
required for their installation.

This study is particularly useful for design engin-
eers involved in decision making regarding the type of
driven deep foundations to be used for a construction
project. To decide which pile type is more efficient in
dense ground conditions, it is recommended that the
effect of stress level and lateral ground disturbance
due to pile installation should be studied in future.
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