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D = Pile diameter
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Te= Thickness of fin

Tp—- Thickness of pile

N 4

Fig. 1. A schematic diagram of a fin pile
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hasanry on waod {Gross grain) 45 %

steel on steelst sheet pile interfocks 03 17

Fig. 3. Friction coefficients recommended by Wood [16]
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Parameters lg(laboratory)  ng(centrifuge)
Length I/n 1/n
Density 1 1

Acceleration 1 n

Stress I/n 1
Force 1/n’ 1/n*
Displacement I/n 1/n
Time 1 1
Flexural 1/n* 1/n*?
rigidity

Table 4. Scaling factors for small scale tests
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Parameters Value
Dry unit weight 16.5 KN/m?
Friction angle 35°
Young’s Modulus 10 MPa
Cohesive strength 1 kPa
Poisson’s ratio 0.3

Table 1. Properties of Soil

o Plas Slasin Y Jodr

Parameters Value
Density 78 kN/m3
Young’s Modulus 200000 MPa
Poisson’s ratio 0.33

Table 2. Properties of Pile material

[6] Ky o ss ilosl 5,50 lsall ot et t
el (F) Jsi ollas

[6]cKsy iatesT 5,50 FPS210 sl gt ol ¥ Jgitr

Geometry of pile value
Pile diameter 40 mm
Pile length 400 mm
Pile thickness 2.1 mm
Fin width 20 mm
Fin thickness 2.9 mm
Fin length 100 mm
Flexural rigidity 210658 mm*

Table 3. Geometry of FPS210 used in Peng’s [6] tests
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Pile Fin Fin Pile Pile
name width length length  diameter
(m) (m) (m) (m)

MPF 0 0 40 4
FPF210 2 10 40 4
FPF220 2 20 40 4
FPF240 2 40 40 4
FPF110 1 10 40 4
FPF410 4 10 40 4
FPF220- 2 10 80 4
L/D20
MPF- 0 0 80 4
L/D20

Table 5. Geometry of modeled fin piles

MPF (Mono Pile Full scale)

FPF (Fin Pile Full scale)

sl Jde @..ﬂ éL.a.a sla el &S ol S5 p’\f
Coge arodkd Jde sl mllae la el LSlsle 5 5o
ol 3,05 G ol DL [6] Ko by AL ST
Jlasl Ll & o 53 £0 5 o sl 53 b sad
P E SV PRGN JCH L PP I g L LS
DBle s 5l sdelcansa sl st spd asite
el Sl 5 gl (Ghalb—5 0 sla)lssed)

Sl Vpone 8wt b doy3 )+ 0510 4 i ilr

Yo

Al b b b e (B Gl
Jujdd g:,.wbé\..:‘r\'/-\o/\mA‘)UJ.& f‘j@.&dﬁw}w
o el 0ds Jlasl (D e ol Olas (655 (g3l SJUT
6&“0)‘.:]::&5 A&"MUL;)@JMWASQ)W

6‘)4 )\f‘ ff BE ol 6)L~JJ~.A Cs.\;v Olasin
il (0) st olas (slasl 2y

ol wuht‘a;,w 0 J g

Parameters value
Diameter 4m
Length 40m
Pile thickness 0.37m
Fin width 2m
Fin thickness 0.14m
Fin length 10m
210.658m*

Flexural rigidity
Table 5. Properties of modeled pile
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Fig. 4. Comparison of the results of numerical analysis with the
peng [6] scaled laboratory results for FPF210 pile
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Fig. 5. The effect of increasing the length of the fins with
constant width
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Fig. 8. The angle of the force applied to the pile, a) with a 90
degree b) with a 45 degree ¢) with a 22.5 degree relative to the
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Fig. 9. Effect of the angle of the force on the lateral bearing
capacity
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Fig. 6. Effect of increasing the width of the fins with constant
length
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Fig. 7. Comparison of the effect of increasing the length and
width of the fins
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Pile Fin Fi Lateral Lateral
name width n force force
(m) length  increase increase

(m (service (Ultimate
) load) (%) load) (%)

MP 0 0 0 0

F

FPF 2 1 40 34

210 0

FPF 2 2 75 65

220 0

FPF 2 4 100 89

240 0

FPF 1 1 10 7

110 0

FPF 4 1 87 78

410 0

FPF22 2 1 25 32

0- 0

L/D20

MP 0 0 0 0

F-

L/D20

Table 7 Percentage of lateral bearing capacity increase with fin
changes in service and ultimate load
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Fig. 10. Comparison of fin pile with regular pile (length to
diameter =20)
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Abstract

Piles are a common type of foundation, and in the context of offshore energy supply, they are used widely as
foundations for wind farms or as anchors for floating facilities for oil and gas production. In both these
applications, the pile response under lateral loading is critical, although the latter application is more capacity
sensitive whereas the former is deformation sensitive. All piles are under small or large lateral loads and the
behavior of the piles under the lateral load must be controlled, but for most of the time. The lateral load can
cause a spacing between the pile and the surrounding soil in the upper layers. If such a situation happens, it
cannot be assured for the vertical load bearing capacity in the upper layers. Usually, the effect of lateral loads
on the design and construction of the pile is ignored due to its small size versus vertical load, but in some
cases, the analysis of the pile is necessary under lateral loads and should be considered using the appropriate
methods. The piles used in the base of bridges, wind turbines, piers, etc. are subjected to relatively large lateral
loads, and in the pile design of these structures, the lateral effect is dominated. One of the ways to increase the
lateral load bearing capacity is to use the technique of fin piles, which is a relatively new method. Fin piles are
one type of piles that have four or more metal sheets that are welded at different angles to the pile environment.
The behavior of fin piles is difficult to explain using simple pile—soil theories or two dimensional numerical
analyses because of the complicated geometry of the piles. Due to the progress of numerical methods and the
use of three-dimensional software, numerical modeling of the pile and soil environment is possible more
precisely. A fundamental study of soil response of piles subjected to static lateral loads in sand is conducted
using the non-linear finite element approach. The effects of pile properties, i.e., length and diameter, and the
effect of fins i.e., fin length and fin width on the pile response of a pile subjected to lateral loads are also
investigated. In this research, the behavior of singular fin piles under lateral loading in sandy soil is modeled
using 3D finite element software (ABAQUS) The ABAQUS program is a robust engineering simulation
program that, based on finite element method. Abaqus is capable of solving various problems from simple to
complex nonlinear problems. With a large library of materials and elements, the program is capable of
modeling materials such as metals, rubber, polymer, composites, concrete, soil and rock. In addition to solving
structural problems, the ABAQUS program is able to solve complex heat transfer problems, thermal-electrical
analysis, and soil mechanics problems. In this research, the performance of finned piles with respect to ordinary
piles has been compared. The results show that the use of fins causes an appreciable increase in the bearing
capacity of the piles compared to ordinary piles without fins.

Keywords: Fin pile, Lateral load, Finite element, Numerical analysis, Abaqus
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