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Numerical Analysis of Group Suction Anchor of Parallel Amrangement
Installed in Sand Subjected to Pullout Load
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#A 2 <’ Kwon, Osoon 7 % 4’ Kim, Dong-Soo
Abstract

In this study, the performance of group suction anchors installed in sand and subjected to pullout loading was
investigated by numerical analysis. The group suction anchors consist of two or three units rigidly connected to each
other in parallel array and the pullout resistances were compared with that of a single anchor. Parametric study was
performed using numerical models to study the effect of the physical conditions of the group anchor. The parameters
include the skirt length to diameter ratio of a unit suction anchor, the pad-eye location, inclination of loading and the
spacing between unit suction anchors. The analysis shows that the ratios of the pullout capacity of double suction anchor
and triple suction anchor to that of single anchor are 1.7 and 2.4, respectively. The ratio increases with the increase
in the spacing between the unit anchors. The other parameters such as the skirt length to the diameter ratio, the location
of the pad-eye and the loading inclination have negligible effect on the ratio of pullout resistances of the group anchor

to the single anchor.
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Fig. 1. (a) Dimensions of suction anchors in this study, (b) loading condition, and (c) distance between unit suction anchors
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Fig. 2. Finite element meshes (a) single suction anchor, (b) double suction anchor, and (c) triple suction anchor

Table 1. Input properties for soil and suction anchor

Items Soil Suction anchor
Model Mohr—Coulomb Elastic
Submerged unit weight (kN/m?) 8.9 66.7
Poisson’s ratio 0.3 0.3
¢’ (kPa) 7 -
Drained shear strength parameters* o (°) 32 -
v (%) 8 -
Om < zxx {(2m 1.94
2m=<z<7m 3.36
7m=<z<12m 4.41
Young’s modulus, Es (MPa) 210,000
12m=<2z<14m 4.95
14m=<2z<16m 5.21
16m=<2z<30m 5.57

» ¢ = effective cohesion, ¢'= effective internal friction angle, y’=effective dilatancy angle
depth profile from the seabed surface

*
*
N
I

AAzZANA A THsSE e AT AR A] W mo] T} AES AAste] 2EAABAS LABHCH
skg aEshy] fiste] F7HHQl wiReAtE =3 249971 9] A9 Kim et al.(2013b)T} Kim et al.(2014)
sto] 1EAAYAL] XA Sl g ¢S & o] 7|2 AFAT oA AMEH A YA AYS A&
2519t 31901 Table 10 YFEAS UetHsich a1 Alst

= ez ol A BAL] g Hef A¢Ad
2. X2 H H S Astataict. A< A} ssE-go] x-zEH

of tiHo]7] wEofl, x-zEHE et ezl HheHS
2.1 MY mdl skt AE FAA v4= Fig. 29k At A

A7 88HE 2= 33 AEA 8488 ANESO

& o= 27Dy 3.5m Zo|(L) Tm, F7(1) 0.105 Akl

D2eqRietol Zx=

0F
g
i
IJ
il
Jz
En
02
K
1o
ro
na
el
ofy
=2
2
o
I
bl
%
Jx
e
oy

. Seat W B ANE SIS AEE



= Aesheick

7] Ul- =3} Rk Ato]o] HEH-L surface-to-surface
contactE %-§5}0] gapping} slippage”} LAYs}=5 &
ARSI & o] npEEA L Coulombo] 1Y o] 20
w2, vl ANke] YR ulzte] of 2730 8
Fol= 0412 28519t Eot, HEH-2 Hard contact
g:310] Qo] Zgatis A9 7 W9} 4
l:l]—o] cao1x]1— AL 5835t

Fig. 3. Domain and boundary of the soil model

Table 2. Analysis conditions performed in this study

dAF A Asitel EEshs AYAAET 2
Fom, Kim et al.(2013b)T} Kim
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7] 91h A 17 100m, Zo] 30m7H) BALHS

A
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208 A
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-8 Table 20 A=) v
o} om, ® 1S BER saolas Agehair)

iecti Location of padeye inati Distance between distance

CASE ID pag?rfairtil\o/eczges L/ # of anchors LP (m) F|)_|:>/|_y Ilgacclili%agt,log Zlf) s (m) s/Ds

CASE 1 Comparison with 1

CASE 2 single and group 2 4.5 0.64 0 - -

CASE 3 anchors

CASE 4 0.2 0.06

CASE 5 1.75 0.50
e ] oemewmen ||| e |0 [

CASE 8 10.5 3.00

CASE 9 14 4.00

CASE 10 0 0.00

CASE 11 1 0.14

CASE 12 2 0.29

CASE 13 1 3 0.43

CASE 14 4 0.57

CASE 15 5 0.7

CASE 16 6 0.86

CASE 17 Location of loading 5 7 1.00 0 B _

CASE 18 point (padeye) 0 0.00

CASE 19 1 0.14

CASE 20 2 0.29

CASE 21 5 3 0.43

CASE 22 4 0.57

CASE 23 5 0.71

CASE 24 6 0.86

CASE 25 7 1.00

* L, Ds, LP, s, 6 are denoted in Fig. 1
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Table 2. Analysis conditions performed in this study (Continued)
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Obijective of Location of padeye | |nclination of | Distance between distance
CASE ID pararrlwetric cases L/Ds # of anchors LP (m) LP/L loading, 6 (°) s (m) s/Ds
CASE 26 5
CASE 27 1 10
CASE 28 15
“CASE29 | 4.5 0.64 s
CASE 30 2 10
CASE 31 15
CASE 32 0
CASE 33 ’ 5
CASE 34 10
CASE 35 a5 0.5 15
CASE 36 Inclination of 5 0 B B
CASE 37 loading » 5
CASE 38 10
CASE 39 15
CASE 40 0
CASE 41 5
CASE 42 1 10
CASE 43 15
7CASE 12 5.5 0.79 0
CASE 45 5 5
CASE 46 10
CASE 47 15
CASE 48 1
CASE 49 1 2
CASE 50 i 3
e Lo ;nfcf]gf“"” 1 4.5 0.64 0 - -
CASE 52 3 2
CASE 53 3
* L, Ds, LP, s, 6 are denoted in Fig. 1
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Fig. 5. Pullout resistance of group anchors normalized by that of
the single anchor

Fig. 6. Yielding elements of seabed soil in the vicinity of suction
anchors at a displacement of 0.1Ds : (a) single anchor,
(b) double anchor, and (c) triple anchor
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Fig. 7. Yielding elements of the seabed soils of (a) CASE 2, and (b) CASE 8 at a displacement of 0.1Ds

12000

%
10000 9/0/0/_“0" I

8000 2 times of P,
of single anchor

6000

4000

Ultimate Pullout Resistance, P, (kN)

2000

4 6 8 10 12 14
Distance between anchors (m)

Fig. 8. Variations in pullout capacity with distance between
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