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Abstract

Construction projects on geological grounds, particularly coral reefs, hold significant
importance for national security, defense, and marine economic development. However, the
application of new technologies and enhanced pile foundation structures in these projects has
been limited. This study focuses on researching and evaluating the correlation between the
load capacity of traditional steel pipe piles, which are supplemented with two helical plates,
and the variations in the distance of these helical plates along the depth of the pile in coral
gravelly sand using Mohr-Coulomb model by finite element method. The results of this study
conclude that the load-bearing capacity of piles with two helical plates is 2.1 to 3.3 times
higher than that of traditional plain round piles. In addition, a calculation function for the
load-bearing capacity of the improved steel single-pipe pile in relation to the appropriate
distance for the helical plates is proposed. This function is essential for projects built under
the geological conditions of coral and the typical hydrological properties found in the offshore
seas and islands of Vietnam.

Keywords: Steel pipe piles; helical plate; coral gravelly sand; Mohr-Coulomb model; finite
element; correlation function; load-bearing capacity of pile.

1. Introduction

The offshore islands under Vietnam's sovereignty also set requirements that
require the proposal of new technological solutions in construction in general and in
foundation engineering in particular in works to strengthen national security and
defense and develop the marine economy. In particular, the improved pile structure of
the pile foundation to increase resistance and economic efficiency is a solution that
needs attention for berths, offshore drilling rig, maritime signal shipping, shore
protection embankments, wind power towers. This is an area with coral bed geology,
in which the coral sand and rock bed are distributed at different borehole depths on
some typical islands [1].

The offshore islands under Vietnam's sovereignty present specific challenges that

necessitate the proposal of innovative technological solutions in construction,
particularly in foundation engineering, to bolster national security and defense, as well
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as to advance the marine economy. In particular, enhancing pile structures for
foundations to increase both resistance and economic efficiency is a crucial solution for
various applications, including berths, offshore drilling rigs, maritime signal stations,
shore protection embankments, and wind power towers. This region features coral bed
geology, where coral sand and rock beds are distributed at varying depths in boreholes
across several typical islands.

Currently, in Vietnam, pile foundation design standards do not adequately address
the performance of piles in coral gravelly sand, particularly for those featuring two
reinforced helical plates designed to enhance resistance [2-4].

Studies conducted in Vietnam and in the world have demonstrated that
traditional steel pipe piles, when reinforced with independent and intermittent helical
plates and variable cross-sections along the pile body (such as screw piles and piles
with helical plates), significantly enhance the transmission area of the pile into the
surrounding foundation. This improvement greatly increases the resistance of the pile
compared to conventional plain round piles, particularly in scenarios where the pile is
subjected to uplift forces [5]. However, the study results have not determined the
impact of the ratio between the distance of the plates and the length of the pile on the
load capacity. Additionally, there is no established correlation function for the load
capacity of the pile that accounts for variations in the distance of the helical plates in
relation to different lengths of steel pipe piles [6, 7].

Coral gravelly sand is widely distributed in islands, archipelagos, and seas
around the world, exhibiting varying thicknesses. In Vietnam, the coral gravelly sand
found in offshore islands is characterized by significant thickness [1, 8].

The article establishes a correlation function between the load-bearing capacity
of traditional steel pipe piles enhanced with two helical plates and the distance of
those plates. This analysis focuses on the performance of piles in coral gravelly sand
conditions, addressing a significant practical issue with considerable scientific value.

2. Theoretical basis of the research problem
The objective of this research is to investigate traditional steel pipe piles enhanced
with two reinforced horizontal helical plates featuring variable spacing. To quantitatively
evaluate the effect of these helical plates on the load-bearing capacity of the steel pipe piles,
the authors also analyze plain round piles as comparative basis for assessment (Fig. 1).
Based on the model shown in Fig. 1, the load capacity of a plain round steel pipe pile
subjected to axial compressive loads is determined using the following expression [9]:

[Pl =Qr+Qp 1)
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in which
Qr = ucxfiAz; - lateral resistance (2)
Qp = qpAp - end bearing resistance 3)
Uc IS body pile circumference, fiis unit side resistance, Az is the length of each pile segment

which calculates the resistance on the side fi unit, gp is the unit end-bearing resistance,
Ay is the horizontal section of the end-bearing pile, d and Lcare pile diameter and pile length.
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Fig. 1. Pile load capacity calculation model
a) Circular pile; b) Helical pile.

For a pile equipped with two helical plates positioned at an appropriate distance
apart, the soil located between these helical plates functions similarly to a ground pillar
pile (Fig. 1). Consequently, the section of the pile within these two helical plates can be
treated as if it has a diameter equal to that of the helical plates. This approach has been
suggested by authors such as B. W. Byrne and G. T. Houlsby [10]; H. A. Perko [11];
M. J. Nowkandeh and A. J. Choobbasti [12]; and M. Ali [13]. Under this model, the
bearing capacity of the steel pile is determined using the following expression:

[Pc] = (Qft + Qtc + Qra) + (Qp + Qc) 4)
in which Qx is the lateral resistance of the upper pile segment of the helical plate;

th = ulz fit 'Azit (5)
Qra Is the lateral resistance of the lower pile segment of the helical plate;

Qfd = ulz fid - Az, (6)
Q.. is the lateral resistance of the pile section between two helical plates;

ch = uzz fic 'Azic (7)
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ug and u - in turn, the circumference of the pile body corresponds to the diameter of the
pile and the circumference of the section has two helical plates corresponding to the
diameter of the helical plate; fi, fia, fic are the resistance on the unit side of the pile
segment on the helical plate, the lower pile segment of the helical plate and the limit
pile segment between 2 helical plates respectively; Azit, Azid, Azic are the corresponding
length of each pile segment on the helical plate, the lower pile segment of the helical
plates and the limit pile segment between two helical plates respectively; Qp, Q. are the
resistance of the tip of the pile and the resistance due to the counter force of the lower
helical plate when the pile is subjected to compression respectively. Qp is defined by
equation (3) [9], and Qc is defined by Eq. (8) [14]:
Q. =2-D-y(N,-DA (8)

D is helical plate diameter, Nq is the counter force coefficient of the helical plate when
the pile is subject to compression; Ac is the area of the helical plates that has been
reduced minus the cross-sectional area of the pile body; yis the volumetric weight.

Given the extensive scope of the research, the aim is to develop a computational
model using the finite element method. The author simulates three-dimensional
interaction problems involving steel pipe piles with helical plates in coral sand and
sandy conditions using PLAXIS 3D - Version 20.1.0.98. The modeling includes three-
dimensional block elements for the coral sand and gravel bed, contact elements for the
steel pipe pile, and virtual non-thickness elements for the coral sand and gravel bed. In
the research, the steel pipe pile model can be represented as a beam element (Beam)
combined with solid elements (Solid) [7], or alternatively, shell elements (Plate) can be
used for the pile walls and helical plates [5].

The computational model is a  PileShaftmodel B9 Helicalwing
model Plate elements

continuous model, where different element of pile Shaft
forms of the overall structure are =
interconnected through node points. The . . . Plate elements

o ) ( f pile end
placement of these nodes within the model is ~ bearing model bearing |
determined by the size of the elements and the Numerical pile ~ Plate clements of pile
type of elements chosen for the calculation. Fig. 2. Numerical model plate elements of pile.

Due to the characteristics of steel pipe piles with small thickness, hollow in the
pile bed, the model according to the beam element method has difficulties when
assuming the characteristic ratio of bending resistance and compression resistance, so
there is often an error in the calculation.
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3. Results and discussion

3.1. General pattern

Building on the aforementioned theory and numerical modeling approach, the
author utilizes PLAXIS 3D-V2020 software to conduct numerical modeling,
calculations, analyses, and evaluations of the research concerning steel pipe piles with
two helical plates. This study focuses on the end-bearing behavior of the piles, with the
distance between the helical plates varying proportionally to the length of the pile. The
parameters of the numerical model, based on the general model, are as follows:

- Steel pipe piles have a diameter of
d = 0.6 m; the pile lengths vary as L = 15 m;
12 m and 9 m. The piles are sealed at both the tip
and the top (Table 1);

- The reinforced pile is equipped with two
helical plates at the end bearing, with plate
distances of S=1.2 m; 1.8 m; 2.4 m and 3.0 m.
The diameter of the plates is D =2d = 1.2 m;
plate step H = 0.3 m;

- The piles operate in the elastic stage,
exhibiting linear deformation behavior. Their
rigidity, geometric dimensions, horizontal cross-
section, and specific gravity remain constant
relative to the length of the pile, ensuring
stability in a vertical orientation;

- Soil model: The model consists of a branch sand mixture with one isotropic
homogeneous layer that is saturated, functioning according to the ideal flexible Mohr-
Coulomb model.

The summary table of pile model parameters and coral gravelly sand of the survey
problem is summarized in the following Table 1 and Table 2.

A 4

Fig. 3. Numerical model of steel pipe
pile with two helical plates.

Table 1. Parameters of steel pipe piles with two helical plates

Model parameters Value Model parameters Value
Elastic modulus E (kPa) 2.00-10% | Pile wall thickness 6, (m) 0.016
Sliding module G (kPa) 7.69-107 | Number of helical plates (n) 2
Specific gravity y (kN/m?) 78.0 Helical plate diameter D (m) 1.2
Pile length L (m) 15; 12; 9 | Helical plate thickness o, (m) 0.028
Pile depth L (m) 14; 11; 8 | Helical plate step H (m) 0.3
Pile outer diameter d (m) 0.60 Helical plate distance S(m)  [1.2; 1.8; 2.4; 3.0
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Table 2. Parameters of coral gravelly sand [15, 16]

Expansion angle Friction angle Apparent adhesion force | Saturated volumetric weight
¥ () ¢ () ¢ (kPa) Vet (KN/m?°)
9.52 46.49 29.83 20.38
Poisson coefficient| Distortion module Intensity attenuation |Natural porosity coefficient
v E (kPa) coefficient, Rinter Binit
0.34 30.86E+3 0.56 0.5

The interaction parameter between the coral gravelly sand and the steel pipe pile
with helical plates involves simulating two materials with different behaviors through a
contact element, which can be either thick or thicknessless. In this study, the authors
employed PLAXIS 3D geotechnical analysis software to model the interaction between
the coral gravelly sand with helical plate steel pipe piles, using a thicknessless contact
element. This was done through the Rinter strength attenuation coefficient, which
reflects the differences between the steel pile material model and the sand material with
varying gradations. This coefficient was determined by the authors and their colleagues
using experimental methods, and the average result of this parameter applied in the
study is as follows: Rinter = 0.56 [15].

The force applied at the pile head is directed either to pull out or compress the pile
along its axis. When subjected to load, the continuity condition of displacement is
maintained at the contact surface between the substrates; however, relative slippage may
occur between the pile and the substrate at the contact interface.

The width of the surveyed coral gravelly sand should be B >20d = 12 m (where d
is the outer diameter of the pile), choose B = 12 m. The height of the foundation block
Hn>L + 20d = 26 m (L is the pile length in the foundation), select H, = 36 m.

3.2. Survey results

Using the aforementioned model, the research team developed and analyzed 12
models of 15 m long piles, 12 models of 12 m long piles, and 12 models of 9 m long
piles. The evaluation focused on the behavior of steel pipe piles with two helical plates
by examining the correlation between the load-bearing capacity of the piles and the
allowable displacement at the pile head, based on the extreme load capacity conditions
for a single pile. The corresponding maximum displacement at the pile head is defined
as [Uc] = 0.1d =60 mm [9, 14]. This capacity is referred to as the load-bearing capacity
of the pile, denoted [P(].

The calculation results from the models are synthesized and graphed as follows:

68



Journal of Science and Technique - ISSN 1859-0209

3.2.1. Evaluation of the load capacity of the pile

In order to evaluate the effectiveness of the load-bearing capacity of the pile, the
author builds a graph of the correlation between the load and the displacement of the
pile head, the results are shown in Fig. 4 and Fig. 5.
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Fig. 5. Correlation pile head load with pile head displacement of 12 m long pile.

The results illustrated in the graph indicate that when the pile is subjected to
compressive loads, the presence of the helical plates enhances the load capacity of the
pile by a factor of 2.1 to 2.2 times compared to traditional plain round piles at extreme
displacement. In cases of uplift, this difference is even more significant, increasing the
load capacity by a factor of 2.9 to 3.3 times, respectively.

3.2.2. The correlation function load-bearing capacity with helical plate distance of pile
According to the condition of the extreme load capacity of a single pile,
corresponding to the extreme displacement at the pile head is [U¢J = 0.1d = 60 mm.
Therefore, in order to build the correlation function of the load-bearing capacity of the pile
in the extreme state, the author synthesizes the results from the above numerical models and
graphs the correlation between the load of the pile head and the ratio of the distance of the
plates and the length of the pile, the results are shown on the graph of the following figures:
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Fig. 6. Correlation of pile head load with of plates distance to length ratio of pile.

The results of the study shown in Fig. 6 have built a Logarithmic correlation
function to calculate the load capacity of steel pipe piles with 2 helical plates when
changing the distance of helical plate in the different load-bearing cases:

- 18 m long steel pipe pile:
+ Pile subjected to compression load:

[P"]1=529.62In(30S / L)+3584.2529.62In(30S / L) +3584.2

+ Pile subjected to uplift load: [P}]=540.84In(30S / L)+3225.4

- 15 m long steel pipe pile:

+ Pile subjected to compression load: [P']=544.08In(25S / L)+ 3222.6

+ Pile subjected to uplift load: [P*] =157.36In(25S / L)+3038.8

- 12 m long steel pipe pile:
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+ Pile subjected to compression load: [P']1=600.7In(20S /L)+2911.8

+ Pile subjected to uplift load: [P‘]= 518.89In(208 / L)+ 2692.8

- 9 m long steel pipe pile:

+ Pile subjected to compression load: [P']=606.31In(15S / L)+ 2719.4

+ Pile subjected to uplift |

3.2.3. The correlation function load-bearing capacity of pile with the pile length

oad: [P]=855.31In(15S / L)+ 2059.4.

In the research results mentioned above, the author examines the impact of varying
the spacing of the plates for piles of different lengths. To simultaneously consider the
correlation with pile length, the author compiles the results from 36 models of piles
measuring 15 m, 12 m, and 9 m, and additionally analyzes 8 numerical models of piles
with a length of 18 m. The ratio of pile lengths is established relative to the shortest pile
length (9 m), and a graph is created to illustrate the relationship between the load at the
pile head and this length ratio. The results are displayed in the graphs in Fig. 7 and Fig. 8.
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The research results presented in Fig. 7 and Fig. 8 illustrate eight logarithmic
correlation functions that describe the relationship between the load at the head of a
steel pipe pile with two helical plates and varying pile lengths. These functions account
for changes in the distance between the helical plates on the pile body, considering both
compression and independent uplift along the axis at the pile head.

4. Conclusion

The findings of this study, based on variable pile lengths of 15 m, 12 m, and 9 m,
demonstrate that the load-bearing capacity of piles with two helical plates is 2.1 to 2.2
times higher than that of traditional plain round piles under compression conditions, and
2.9 to 3.3 times higher under uplift conditions.

Additionally, the spacing of the plates significantly impacts the performance of
the piles. Consequently, the authors established correlation functions between the load-
bearing capacity, the spacing of the plates, and the length of the steel pipe piles in coral
gravelly sand. These functions are of great significance for practical design applications
and suggest avenues for further research.

Piles used in the foundations of construction projects in coral gravelly sand on
offshore islands are influenced by various factors. Therefore, the research results are of
substantial importance for engineers involved in designing wharves, marine signal
installations, wind power towers, and solar power poles in these regions. They offer
valuable insights for selecting appropriate helical plates based on pile depth, in
alignment with the geological characteristics of coral gravelly sand in Vietnam's
offshore areas.

Furthermore, it is recommended to continue expanding research on optimizing the
spacing of helical plates to evaluate and propose effective configurations that align with
the operational needs of specific projects.
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NGHIEN CUU KHA NANG CHIU TAI CUA COC ONG THEP
TRONG NEN CAT SAN SAN HO XET PEN ANH HUONG
KHOANG CACH CANH XOAN

Nguyén Thanh Sang®, Nguyén Tuong Lait, Nguyén Québc Vian*
Wien Ky thudt cong trinh dac biét, Truong Pai hoc Ky thugt L& Quy Pén

Tom tat: Cac cong trinh xay dung trén nén dia chat, dic biét 1a san hd c6 y nghia quan
trong vé an ninh - qudc phong va phat trién kinh té bién. Tuy nhién, dén nay viéc 4p dung nhiing
cdng nghé mai, két cau mong coc cai tién cho cac cong trinh nay con han ché. Bai béo tap trung
nghién ctru danh gia va xiy dung ham twong quan giita kha ning chiu tai cua coc 6ng thép
truyén thong duoc b sung 2 canh xoin vai su thay doi khoang cach cac canh xoén dé doc theo
chiéu sau cua coc trong nén cat san san hd, cac tac gia si dung mé hinh nén Mohr-Coulomb
theo phuong phéap phan tir hiru han. Két qua nghién citu cho thay, trong pham vi nghién ctu coc
bng thép co6 2 cénh xo4n lam ting kha ning chiu tai tir 2,1 dén 3,3 lan so vé6i coc tron tron
truyén thong va kién nghi khoang cach canh xoin pht hop ciing véi ham tinh toan kha niang
chiu tai ciia coc don dng thép cai tién trong méng cong trinh khi xay dung trong diéu kién dia
chat 1a nén san hd va tinh chat thuy hai van dic trung trén cac ving bién dao xa bo cua
Viét Nam.
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