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ABSTRACT

The embedded suction anchor, ESA, is one type of mooring anchor systems which utilizes the suction pile or caisson to penetrate the
anchor into the sea bed and develops its capacity under pullout load. In this study, the numerical analysis using ALE (Arbitrary
Lagrangian Eulerian) Adaptive Meshing technique was performed to simulate the pullout behavior of the ESA, and the results were
compared to those of the previous research, centrifuge model tests and the analytical method based on limit equilibrium theory. The
pullout behaviors of the ESA under horizontal, vertical, and inclined loading were evaluated. The analysis results showed that the
maximum horizontal pullout load was developed when the location of loading point was at the mid-point, and the each vertical pullout
load gave the similar value regardless of the locations of the loading points. The pullout load decreased as the load inclination angle
increased at the mid-point of the anchor.
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Eulerian (ALE) 7% 21 & 3li}o]ti(Benson, 1989; Ghosh
and Kikuchi, 1991). Z12]3 Hu and Randolph (1998)= ALE
71HS 3435te] Remesing and Interpolation Technique with
Small Strain (RITSS) 7H& 7ide}al, o]& E-8sto] Hip7]<]
AF H7hE $Ig vedst A5 Sk vl gltk(Song et al,
2008; Yu et al., 2009; Wang et al.,, 2010). 221}, A2
P2le] AR ESAS] AFS TARIAE o83t ALE 7S
&ga A7sk Atdle Had b glch

B AFors HE f3kes X Zea#e ABAQUS
(Dassault Systéms, 2012)Z o|-g3] ZeR|atoll A ESAL] oI
eS EAsIem, o)E EapF o R KAk flell ABAQUS/
ExplictollX] AJ&== ALE (Arbitrary Lagrangian Eulerian)
Adaptive Meshing 7'HE 2183151tk ESA9] QI8+ <1k
Woke gefeb AREE APgslal, AfeliE: w9l AFgE ARE

I} 7Rzl A o2 B ARG HY BakE vlnk-EAsiT:

*

2. J|IE ¢4

Kim et al.(2005a, 2005b)2 ZejzJHlol ESAL] A& H7}
aP7] ffal dne As sl A S §ie
A71%E Do) 47 g e 28] s A ol
Aol S71shH It A wHE o o] 7 =
LRERAL, 3AE AEE A At Ao R das AgEo] A3
E01E0] AAHo] 60° ofdo] Hw QI A & o]}
LERFA] gdokt) d71Ee] EulE wet FWA7E Sl A
785 A 2] A719] TGl HAAskaL 4 AskE e
o Fo QI AREE VRS, R Zrt Ao Aes

168 Journal of the Korean Society of Civil Engineers

TR
25,000 r
[©]
o
20,000 o ol
=]
DI L m O © o
z ®
7 15,000 [ L
e
© o
S
= o i °
3 10,000 Iy a
=i o
a s A
5,000 | OAnalytical (Jones et al 2007)
BECentrifuge (Jones et al 2007)

0

0 10 20 30 40 50 60 70 80 90 100
Loading Position(%)

Fig. 1. Pullout Load of the ESA Under Horizontal Loading (Jones et
al., 2007)
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3.1 ALE (Arbitrary Lagrangian Eulerian) Adaptive
Meshing Technique
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(a) Without ALE Adaptive
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(b) With ALE Adaptive
Meshing

Fig. 2. Simple Example of ALE Adaptive Meshing in Numerical
Analysis
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Systéms, 2012)Z ©]83)] ALE Adaptive Meshing 7]'{-< 285}
I ESAY] tigt $=x151418 S=a0381sdt). Jones et al.(2007)004]
AR ESAS] Y87} At 270E o83l Bdlslar, =il
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P e g SRS ARESlaL, B E3E Al migE o]
Q= AHIE 7] 202 7PYSIITE Table 19 x|l 0014
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ola, YEHoZ F7)= A4 1.5m, =o| 2.5m, 574 0.075m
on, 120°¢] 7HHo = A 7o) ZRR)7} 2 SR o]
= 0.5m= PAAY} FUT =o)5 7 FAE 0.05mo|th
EWA} Qe D8 YA} AWks G o7 wdgshy] Sl
8RS 71 331Q) A 2 AE F8slion, 53 9 HEES)
ALks S8l AFAEEE NI C3D8R). tzdE: o] &
sto] HichARkS: RESegion, o] djio R SrH o) P
D} sl 2 oJEs mIRA] S Sk ERISkL Fke] 584
<= Sk Alejsteink w=gk, aiA J9s el /b AA] 74
Zxdo] A Aol YIS A LEE Hrste] BARIA
o] AlE Agsision], BAE 7IEeE F9- 10D, o= 6DE
Pt (e7 14, D= <BAQ] 2A). 8478e] F7|+ B3A IFH
Kol 87 WP ES AUsl esk] Slal A TeSSE
8220 =715 AP S3rk Figs. 3 and 4¢]] ESAS] el =]
Aol AR QAS VRERNSICE 34 Al ARk o3A7E el
ULE S0, A AAM AR & WEE o83
W] Aol E3 AskE EARIATE 271 A5 $Y A ]
5 AR EARKL 02m/s8] SEE Fofgte] $49 JFS
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WA 7] A% $2E AFEIcHDassault Systems, 2012).

Effective Unit Weight, ¥ (kN/m’) 10.0
Friction Angle, ¢ (Deg.) 39.0
Soil Dilation Angle, & (Deg.) 0.0
(Mohr-Coulomb Model) Cohesion, ¢ (kN/m’) 0.0
Young’s Modulus, E (kPa) 50,000.0
Poisson’s Ratio, v 0.3
Unit Weight, 4, (kN/m’) 78.0
Embedded Suction Anchor Younz's Modulus. E (kP 210.0 % 10°
(Elastic Model) oung’s Modulus, E (kPa) .
Poisson’s Ratio, v 0.3
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Fig. 4. Typical Mesh for the ESA
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Fig. 6. Translation and Rotation
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(b) Deformed Mesh Under Horizontal Loading

Fig. 7. Pullout Load of the ESA Under Horizontal Loading at Loading Position 50%
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Fig. 10. Pullout Behavior of the ESA Under Vertical Loading
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