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Abstract

Helical piles during the last five years are giving way to the ground screws, that are a particular shape of
helical piles, becoming a popular foundation technique in building and civil engineering. In this article we
compare the experimental data issued from the bearing capacity tests of a helical pile and a ground screw
of equal diameter. Then we use a numerical model using a meshfree software UC3MLib, thus we find a
correspondence between helical pile and ground screw behavior.

Introduction

Helical piles with large helix, a foundation technique that becomes more and more
popular because of the ease of implementing and its environmental benefits, leaves place to
a more technologically advanced type of lateral discharge piles: ground screws, that can be
manufactured by robots and require smaller machines for their implementation. We carried
out a test with helical piles and ground screws of the same diameter and same length in the
clay soils, in aim to compare their bearing capacity. Then we established a mathematical
model of both types of piles, using UC3MLib modeling software. Similar experiments were
carried out by Wang [1] or by Chen [2].

Helical piles and ground screws

Helical piles are the metallic piles composed of a round tubular shaft, on which one or
several helices are welded. They are installed into the ground without excavation by rotation,
gaining the bearing capacity by their tip, and also by the friction of shaft sides against the
compressed ground. Actual helical piles descent from their predecessors invented by
Alexander Mitchell in 1830-ies (Figure 1). The technique becomes more and more popular
because of the ease of installation, low environmental impact and quite reduced cost
compared to other types of deep foundations, such as bored piles (Figure 2). Ground screws
are similar to helical piles, but in place of a helix they have a thread that goes up higher and
their tip is generally longer (Figure 3).

Figure 1: Galvanized screw piles.
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Figure 3: Galvanized ground screws.

Geometrical data screw, were made of S355 carbon steel. Compared to the ground,
we consider them as incompressible (Figure 4). We made the
helical pile and the ground screw so that the helix/thread area is
the same in both cases (Table 2).

We were comparing helical piles and ground (Table 1) screws
of following parameters. Both, the helical pile as well as the ground
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Table 1: Table 2:
Helical Pile GroundScrew . . . Ground screw thread area (S
(FERROPIEUX) (GEOVIS) Helical pile helix area (S,,) (m?) (m?) o)
Shaft Diameter (mm) 76.1 76.1 0,04908739 (420 degrees helix) 0,0501938 (8 steps thread)
Shaft Length (m) 1.5 1.5
Helix/Thread
Diameter (mm) 250 90
Pitch (mm) 70 70
u- ! r
Length
Thread diameter
‘G
g Helix diameter
Pitch
Pitch
L J
|

Figure 4:

screws were installed in the soil on the depth of 1400 mm, so the
entire thread and the entire helix remain in the anchoring horizon

(Figure 5), which is the clay (Figure 6).

Geotechnical data
The tests were carried out in November 2023 on the SNCF

(French railroad) site at Cubzac-les-Ponts (France), where the soil
composition was the following (Table 3). Helical piles and ground Experimentation procedure

Table 3: Geotechnical properties of the ground where experimentation was carried out.
Ll Ly Index of Cohesion (T/ UL Densi (T/
Horizon Soil Type Factor of Clay . a3 Friction Angle t{ Y Depth h (m)
. Porosity m?) o m?)
Soils @
1 Backfilling - - 0 - 1.75 0.7
2 Clay 0.68 0.65 0 28° 1.8 >0.7
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Figure 5: Extract of the geotechnical survey with ground data.
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Figure 6: Scheme of installation of helical piles and ground screws in the soil.

The experimentation was carried out following way, similar
to the French norm NF P 94-262 requirements. Similar tests are
described by Li [3]. Both ground screws are helical piles were
installed by pairs. Using the dead weight from the excavator, step
by step loads from 100kg to the break load (that will be given
further) were applied as axial compression by vertical Z axis using
the scaled jack system Enerpac. The load was applied to the tested

pile or screw by steps of 100kg, each one was lasting 30 minutes
(Figure 7). After 30 minutes, the load was released to 0 and then
the next load was applied (Table 4). The loading stages as well as
displacement, are given in the Table 4 below (Figure 8). The results
can be generalized under the following graphics, that show the
load-displacement curves for helical pile and ground screw (Figure
9). We can notice following details:

Table 4: Displacements of the pile under compression load for helical pile and ground screw.

Displacement (mm)
Step Load (kg)
Helical Pile Ground Screw
1 100 0,3 0,32
2 200 0,6 0,72
3 300 0,95 1,3
4 400 1,27 1,8
5 500 1,49 2,35
6 600 1,83 2,9
7 700 2,24 3,5
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8 800 2,59 4,21
9 900 2,93 4,73
10 1000 3,41 5,49
11 1100 3,75 6,01
12 1200 4,32 6,69
13 1300 4,82 7,52
14 1400 55 8,25
15 1500 6,26 8,84
16 1600 6,91 9,79
17 1700 7,85 10,3
18 1800 8,62 11,23
19 1900 9,77 12,03
20 2000 10,55 13,01
21 2100 11,5 14,3
22 2200 12,32 15,9
23 2300 13,31 17,2
24 2400 14,6 19,6
25 2500 15,5 21,4

Figure 7: Ground screw GEOVIS before installation..
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Hydraulic jack Jack control

Measuring system: a comparison
tool placed on a beam, supported
quite far away from the pile

Bearing plate (installed on top of pile
or screw in aim to distribute the load)

Ground screw or helical pile installed in
the ground

Figure 8: Scheme of the test installation

Parameter Ground screw Helical pile
Model definition

2,00 i 2,00

N = |

Shaft diameter (mm) 76.1 76.1
Helix/thread diameter ao 120-180- 250
(mm]
Helix/thread steps 2-3-4-6-8 1
number (Number)

Figure 9:

a) The ground screw behavior under load is linear since
the ground elasticity limit at near the load of 1600kg stays
completely linear. This behavior is similar to any friction pile
type (such as micropiles, for example). Then the displacement
under load becomes polynomial.

b)  The helical pile behavior is polynomial in the beginning,
until the ground elasticity limit near the load of 1600kg, then
becomes linear (as a behavior of a viscous media).

Table 5:

c)  As the failure criterium for piles, according to Eurocodes
and to specific norms for helical piles, such as the Technical
Agreement 3.3/21-1044_V1 [CSTB 2021] is a 10mm
displacement, the helical pile fails at 2000kg, however, the
ground screw fails at 1600kg.

In general, these results comply well with Meng [4]. So,
the trendlines for both datasets (Table 5). We notice that the
polynomials are of the same order, however, the ground screw load-
displacement diagram increases 1.5 times faster.

Helical Pile

y = 2E-06x*+ 0.0007x + 0.4855

Ground Screw

y = 2E-06x* + 0.0021x + 0.6215
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Modeling b) Model of a ground screw, with the thread of 2, 4, 6 steps.

In aim to understand the behavior of ground screws compared Thenboth models are compared, inaim to find a correspondence
to the helical piles, we established a model using UC3MLib between helical pile and ground screw behavior.
software v03 (http://geoia.fr, 22/01/2024), which is a meshfree
tool designed to simulate the behavior of helical piles and ground

Model definition: The ground is modelled as a parallelepiped
with dimensions of X= 1m, Y=1m, Z=3m, with the pile centered in
screws in the given soil [5]. X=0.5, Y=0.5, Z=0. The calculation grid is composed of 7,50,000

Two models are studied and compared: equi-distributed nodes. Pile and screw models are defined as

a) Model of a helical pile, with variable helix diameter. following (Figure 10).

Displacement under compression

load
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Figure 10: Load-displacement diagrams for helical pile and ground screw with polynomial trendlines.

Ground screw model: Modeling the ground screw with 2, 3, under load of the piles with 4, 6 and 8 threads are mostly the
4, 6 and 8 thread steps we obtain the following load (Figure 11) same for equal load values, basing us on Brown [6]. These results
displacement diagram (Table 6). We notice that the displacement correspond to a study carried out by Wang [7].
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Load-displacement diagram for ground screws with different

number of thread steps
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Figure 11: Load-displacement diagram of the ground screws with different number of thread steps.

Table 6: Load-displacement table for ground screws with different number of thread steps.

Number of Thread Steps on the Ground Screw
Load (kg) 2 Threads 3 Threads 4 Threads 6 Threads 8 Threads
Displacement (mm)

100 0,19 0,24 0,309 0,311 0,32
200 0,45 0,55 0,709 0,711 0,72
300 0,81 1,01 1,289 1,291 1,3

400 1,13 1,40 1,789 1,791 1,8

500 1,47 1,82 2,339 2,341 2,35
600 1,82 2,25 2,889 2,891 2,9

700 2,20 2,72 3,489 3,491 3,5

800 2,65 3,28 4,199 4,201 4,21
900 2,97 3,68 4,719 4,721 4,73
1000 3,45 4,27 5,479 5,481 5,49
1100 3,78 4,68 5,999 6,001 6,01
1200 4,21 521 6,679 6,681 6,69
1300 4,73 5,86 7,509 7,511 7,52
1400 5,19 6,43 8,239 8,241 8,25
1500 5,56 6,89 8,829 8,831 8,84
1600 6,16 7,63 9,779 9,781 9,79
1700 6,48 8,03 10,289 10,291 10,3
1800 7,07 8,75 11,219 11,221 11,23
1900 7,57 9,37 12,019 12,021 12,03
2000 8,19 10,14 12,999 13,001 13,01
2100 9,00 11,15 14,289 14,291 14,3

COJ Technical & Scientific Research Copyright © Jose Antonio Loya
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2200 10,01 12,39 15,889 15,891 15,9
2300 10,83 13,41 17,189 17,191 17,2
2400 12,34 15,28 19,589 19,591 19,6
2500 13,48 16,68 21,389 21,391 21,4

Helical piles model: Modeling the helical pile we try, varying
the helix diameter, to find the diameter of helix D, , that gives to
the helical pile the bearing capacity equal to the tested (Table 7)
ground screw (with 8 thread steps). We notice that the results,
closest to the tested ground screw, are obtained with the helical

pile with the helix diameter of 127 mm. Thus, we can consider
that in this particular case the value of D, | = 127mm. Doing other
similar tests with different diameters of shafts, helices and threads,
we obtain that the bearing capacity of a helical pile is equal to the
bearing capacity of a ground screw of the same diameter; if:

Table 7: Load-displacement diagram of helical piles with different helix diameter.

Helical Pile Helix Diameter (mm)
Load 120 127 180 250
Displacement (mm)

100 2,50 0,32 0,31 0,3

200 5,00 0,71 0,62 0,6

300 7,92 1,28 0,99 0,95
400 10,58 1,79 1,32 1,27
500 12,42 2,36 1,55 1,49
600 15,25 2,93 1,90 1,83
700 18,67 3,52 2,33 2,24
800 21,58 4,21 2,69 2,59
900 24,42 4,73 3,04 2,93
1000 28,42 5,49 3,54 3,41
1100 31,25 6,01 3,89 3,75
1200 36,00 6,69 4,48 4,32
1300 40,17 7,52 5,00 4,82
1400 45,83 8,25 571 55

1500 52,17 8,84 6,50 6,26
1600 57,58 9,79 7,17 6,91
1700 65,42 10,3 8,15 7,85
1800 71,83 11,23 8,95 8,62
1900 81,42 12,03 10,14 9,77
2000 87,92 13,01 10,95 10,55
2100 95,83 14,3 11,94 11,5
2200 102,67 15,9 12,79 12,32
2300 110,92 17,2 13,82 13,31
2400 121,67 19,6 15,15 14,6
2500 129,17 21,4 16,09 15,5

Where, results encountered, as well as [10].

D, , is the diameter of helix of the helical pile

D, IS the diameter of the thread of the ground screw of

corresponding diameter.

However, these results are comparable to the results of Zhou
[8], that suggest a theorical model of necessary torque of installing
a pile into a clay soil. On the other hand, the model of Clemence
and Hoyt [9] in this particular case turns out to be very close to the

Conclusion

Thus, we conclude following aspects of dimensioning of ground
screw by their bearing capacity in clay soils [11,12]:
a)  Ground screws bearing capacity is higher than the bearing

capacity of a ground screw of the same diameter,

b)  Past 4 thread steps, the bearing capacity of ground screw
remain the same,
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c)  Tomake ahelical pile with the bearing capacity equivalent
to that of the ground screw of the same diameter, he diameter of
the helix must be reduced by square root of 2 times.

References

1.

Wang X, Chen T, Wang X, Li ], Liu D, et al. (2023) Performance of screw
piles in thick collapsible loess. Case Studies in Construction Materials
19:e02263.

Chen J], Zhang L, Zhang JF, Zhu YF, Wang JH, et al. (2012) Field tests,
modification, and application of deep soil mixing method in soft clay. ]
Geotech Geoenviron 139(1): 24-34.

Li W, Deng L (2019) Axial load tests and numerical modeling of single-
helix piles in cohesive and cohesionless soils. Acta Geotech 14: 461-475.

Meng Z, Chen ], Zhang L, Wang JH, Yao JM, et al. (2015) Field tests to
investigate the installation effects of drilled displacement piles with
screw-shaped shaft in clay. ] Geotech Geoenviron 141(12): 06015010.

. Simonenko S, Loya JA, Rodriguez MM (2024) An experimental and

numerical study on the influence of helices of screw piles positions on
their bearing capacity in sandy soils. Materials (Basel) 17(2): 525.

6. Brown DA (2005) Practical considerations in the selection and use of
continuous flight auger and drilled displacement piles. Geo-Front.

7. Wang S, Feng Z, Tang ]JZ, Zhao ZP (2021) Experimental study on bearing
mechanism of screw cast-in-place piles under vertical loads. ] Geotech
Eng 43(2): 383-389.

8. Shujin Zh, Zhou M, Yinghui T, Xihong Z (2023) Effects of strain rate and
strain softening on the installation of helical pile in soft clay. Ocean
Engineering 285(1): 115370.

9. Hoyt RM (1989) Uplift capacity of helical anchors in soil. pp. 1019-1022.

10.Sakr M (2011) Installation and performance characteristics of high-
capacity helical piles in cohesionless soils. ] Deep Found Inst 5: 39-57.

11. Marinucci A, Wilson SE (2018) Steel drilled displacement piles (M-Piles)-
Overview and case history. pp. 48-58.

12.(2024) Technical notice n°3.3/21-1044_V1.

For possible submissions Click below:

COJ Technical & Scientific Research

Copyright © Jose Antonio Loya


https://www.x-mol.net/paper/article/1677322580198670336
https://www.x-mol.net/paper/article/1677322580198670336
https://www.x-mol.net/paper/article/1677322580198670336
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0000746
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0000746
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0000746
https://link.springer.com/article/10.1007/s11440-018-0669-y
https://link.springer.com/article/10.1007/s11440-018-0669-y
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0001371
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0001371
https://ascelibrary.org/doi/10.1061/%28ASCE%29GT.1943-5606.0001371
https://pubmed.ncbi.nlm.nih.gov/38276464/
https://pubmed.ncbi.nlm.nih.gov/38276464/
https://pubmed.ncbi.nlm.nih.gov/38276464/
https://ascelibrary.org/doi/10.1061/40772%28170%294
https://ascelibrary.org/doi/10.1061/40772%28170%294
http://www.cgejournal.com/en/article/doi/10.11779/CJGE202102019
http://www.cgejournal.com/en/article/doi/10.11779/CJGE202102019
http://www.cgejournal.com/en/article/doi/10.11779/CJGE202102019
https://www.sciencedirect.com/science/article/abs/pii/S0029801823017547
https://www.sciencedirect.com/science/article/abs/pii/S0029801823017547
https://www.sciencedirect.com/science/article/abs/pii/S0029801823017547
https://www.foundationtechnologies.com/files/documents/CHANCE-Helical-Anchor---Uplift-Capacities.pdf
https://dfi-journal.org/papers/?abstract=2011050104
https://dfi-journal.org/papers/?abstract=2011050104
https://link.springer.com/chapter/10.1007/978-981-13-0122-3_6
https://link.springer.com/chapter/10.1007/978-981-13-0122-3_6
https://www.cstb.fr/pdf/atec/GS03-D/AD3211044_V1.pdf
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Helical Pile vs Ground Screw in Clay Soil: Experimental and Numerical Study
	Abstract
	Introduction
	Conclusion
	References

