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Investigation of the Rotational Displacement of the Suction Anchor
Subjected to the Inclined Pullout Load in Silty Sand
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Abstract Suction anchors are used for floating structures because they have advantages in installation
and stability. Recently, the demand for floating structures requiring low allowable displacement has
increased. Thus, it is strongly suggested that the displacement of the suction anchor be evaluated.
However, conventional studies regarding suction anchors have concentrated on the capacity of the
anchor, and research on the displacement of the anchor is limited. In particular, rotation is the primary
behavior of a suction anchor subjected to an inclined load, and related information has been insufficient.
Therefore, the main objective of this paper is to investigate the rotation behavior of a suction anchor
via centrifuge model tests. The experimental parameters are the inclination of the pull-out load, anchor
dimensions, and aspect ratio. The rotation values of suction anchors were compared using a series of
load-rotation curves. The results show that the inclination of the load has a dominant influence on the

rotation behavior of the suction anchor.
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1. M2 A= FAL IH A= A FAY FL HYE A
9] sk= Zo| BIsltt.

A FA= YBBY JAZR, JFo2 I HE T A4 BAY 3 A BAY T HAYSS &
A H = FA HRY 4 (e fdste] AF A o] H=ote|9] 97|, QI 5159 HAlE, FAL] 7] ¢
A€ot A4 FgS B3 AX WO Qe ofE ] FH]o] FFE 2 A0 E AE sjEotol 914
ol BAE LU 4 o] vlud AFst vjgoez 4 o BE M BAY A AEZ Coffman [14]
A =3 AlF A9 Aoko] Act, wheka HM4 FAE 4= Bang [8l0] a8 vla B4t SHR|RE o159 FAL
Aol Z2 vire] HAEE dife st B4 2 & S 4FA9 Ao TE I ASE vl ¢ A
E 9 A A4 5o 9] ol&=olgtt [1-6]. A7 &3 Aoltt. &3], I 5% 71&7]= FA

712Hog MA BAY HAx= A g LAH
(limit state design, LSD)& 7]¥tCo& dlo], F#9] ¥
of AR I3t A AHi(ultimate limit states,
ULS) ¥ AL 3HA] Al (accidental limit states, ALS)
o] fFsH= eHAE (factor of safety)S 2-8-5to] =3
Hot [7]. 2 4o 2 o]EF o4, 4=2] ndy 9 Y
A A4E B A4 IAY AAFEE B T £ e

clofet maSo] AR, Z12e] 44 A Aol
£ olEA W 8 AA e B9 A4 JA A4

s o]

& dET 5= Qe kst BdEo] ARMEeH [6, 8],
BAL AX ol FAFZ vl F8 AR 55 21
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gHE, AL N F91 2UE F54 3 w4, 5
Z P4 HE 5 =2 2 Sd(safety level)o] 87
B FREY HA Al AH8A(serviceability)E BAst
7] 8l FxE9] ARG ofdg} & WA 1
et AAZF 8E QU E9] B} FRE] 1%
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Table 1. Specification of the centrifuge facility

Ttem Specification

Platform radius 5.0m
240 g-tons
130g with 1,300kg payload
2,400kg up to 100g

Max. capacity

Max. acceleration

Max. model payload

2.2 Xdt 2E

£ QoAM= Aeka Aol Exst= AY AHRESE
olgsto] A§t BES XAl AMEE AE= Y
BE2H(USCS, unified soil classification system) &
F AAe] o2t SM (silty sand, MEE Z#)oz EF
=, AR Al 59 A|ut &4 442 o Table 20 A
Al=]o] irt.

Table 2. The properties of the Samangeum sand (Kim
et al.,, 2016 [6])

Parameters Values
#200 sieve 47%
passing (40%-50%)
Dio, mm 0.045
Sieve analysis Do, mm 0.080
Dgo, mm 0.095
Cu=Deo/D1o 2.11
7 dmax, kKN/m’ 162
Compaction 7 dmin, KN/m’ 118
OoMC* 17%
) N ¢, deg 34
Dlrzgt i ;gor@test ¥, deg g
¢, kPa 7

*OMC : Optimal Moisture Content

AR FHAFY At wd2 ZF 900mm F =0
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2/3743)0] AL [5-6, 17). F74402, A7)
e 2437 918 A Aol dolA At A
AAE ARt A Aol 27 @ Be
Fig. 201 SAI5} 5190, Table 30l Alge] A-8
W7 2718 H4 2P Beleh ZRER(M oY 2
7)) w9l2 wlmste] H7]5t%ic

* 50mm @ 9 layers
* Water contents : OMC

2. Weight per layer : 55.38kg
J * After modeling, saturate

Fig. 1. Methodology for modelling the soil

D 13gm

#1|=f #2

Fig. 2. Suction anchor model with prototype size

Table 3. Suction anchor model with model test and
prototype size

Prototype

Anc- Model size R G

hor D /D (DS I;EL) -level /D
1 5cm/10cm 3.5m/7m 70g 2%
2 13‘83“21/13‘836 83m/83m 60g  1.4%
3 22.5cm/22.5cm 13.5m/13.5m 60g 0.9%

AURFAGOA A2 24 A, Pl Defsiol
]_

A=) 371E ZAAsk= A2 AL et shA|TE AY
20| wahA AR A7 A3ke] B4 mX=
IS HESIAoF gttt Ovesen(1979) [18] 2 4R

FAHNM T 7129 2ol Bt YA 2719 35
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oL AASER. B AolA AR B AE2 Al
& et JA 27100 100H] ol =71 wiZoll, A¥ At
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Fct (191
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AT HE7F Basith 2 AFoAs FAY A
rigid body= 7145197] wfizol BA =FAQ] HHEE 2
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Table 4. Program of the centrifuge model tests with
prototypes scale

Dimension Load
Case Number (L : length: L/D
D : Diameter) inclination
1 1L7D3.5 2
Case 2 L7D3.5 2 45°
I 3 L7D3.5 2 60°
4 L7D3.5 2 90°
Case 1 [83D83 T 60°
I 2 L13.5D135 1 60°
g Aol A AASt ARME ABT T, 51
o5 A5t S B3l FAE ARkl BAsI T
A Ae mRg BASRY] 98 B 4EE
0.1lmm/sec? =& £L2 Aolsttt [22]. FA9] 3
AL A5 HOH 2709 #olA AAME HA st o,
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Fig. 3. Sensors and facility for centrifuge model tests:
(a)Laser sensors and pulley; (b) Comprehensive
test model set
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W Ao}, AgqtshH sta-2 ZF BA] o XY df
u] PA] AstE QAL 5152 HIR(%E APttt &
THE %2 Eq. (1) & ol&sto] AXlstgirt.

Pulloutload

Normalized Load(%) = ————————x 100(%)
Ultimate cacity
0
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25.00% 50.00% 75.00%
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(b)

100.00%

Fig. 4. Influence of the anchor dimension on the
suction anchor: (a)Response of the load and
rotational displacement; (b)Rotational
displacement - Normalized load curve
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Fig. 5. Influence of the aspect ratio on the suction
anchor rotation behaviors
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