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Numerical study on keying of suction embedded plate anchors

WANG Teng, YAN Meng
(Department of Offshore Engineering, China University of Petroleum, Qingdao 266580, China)

Abstract: The suction embedded plate anchor (SEPLA) is a new foundation to moor floating structures in deep water. Loss of
embedment during keying has a significant effect on the design capacity. The envelope analysis method of plastic limit is
adopted to simulate and analyze the embedment loss and the capacity of the keying process of SEPLAs, taking into account of
the interactions of anchor chain, soil and plate anchor. The effects of varying padeye offsets and mudline angle of anchor chain
on the embedment loss, inclination and capacity of the plate anchor are studied, and they are verified by the data of centrifuge
experiments. The results from simulations show that the embedment loss of SEPLA decreases with the increase of padeye
location offset towards the bottom of the anchor. The capacity of the plate anchor keeps stable when the eccentricity ratio of
ey/e, is less than 0.1. When e/e, is greater than 0.1, the bearing capacity of plate anchor significantly decreases. Besides, a
better result of the bearing capacity can be yielded under the condition of a smaller mudline angle of the anchor chain with a
smaller rotation angle.
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Fig. 1 Plasticity model for plate anchor
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Table 1 Parameters of yield surface equation

B/t m n p q

7 1.26 3.72 1.09 3.16
7 1.27 3.46 1.03 3.23
20 1.14 4.92 1.00 3.39
20 1.07 4.19 1.10 4.02

1.2 REITHEIEIR
KXFKME Cassidy! 2L 5%, M EAE
AR/ LTS Pan TN S e S TET N o A i R DN
SEw) Nl S i i U (VAT W/ SO X P T > 7 = i
By, X — i B S B RIS T3 R
1k
(D T ECE AR LR B IRI R T
Hors v, Ho Mo FRER:
V=Tsin(n—a—-6,)-Wsin(n/2-a) , 2
H=T cos(n—a-0,)-W'cos(n/2-c) , (3)
M =T, (e, cos(n—a—0,)+e,sin(n—a—-0,)) -(4)

T AR, R0 v, H, M W2t
AR (1), HESyas A M o 16, X (D
RAARBT) T, —AAKRFEE, nTHEBET R IR
3o oA B AR SRR BT ) Vinaxs Hlmax A1 Minax AT AR 24
AR B AR HEK DU S s, THE A 2. AR5 ik 3k
N T ER SV, H M.

(20 THEJRERAI R B, LI I A 1T R K
W1

Sw of 1oV
Su |=A|sign(H)of JoH . (5)
BB sign(M)of 1 6(M /| B)

XA, Sw A RIEARKR R T IVEIRALES, ou AYIIRAL
B, op M, A KIBYETeT . BUE MR IR D
A 88 =0.05° , I FRARE A -
PYS /. B
sign(M)of /oM
HETT SRS ow M su, W 1 Fros.
BLES TRk o ik X h

(6)



120 s + T

2016 4F

gc{Vj o~ @

-1 |[-[ el (8
) ¥

m n (1/p)-1 m-1
o __mB |(IM) (]H M)
6M/B leTlaX MlnaX Hlﬂax Mlnax
)

DT BT S 1R Jmy Fls A 1 2 A P A AR AR
ENOERC2
Sx=cos(f,,, e — T/ 2)6u, (10)

8y =sin(0,. —1/2)W+cos(Oyy. — /25 » (1)

B=0p - (12)

(4 T, FJe Le Ak H B BT AR 6, AR B Neubecker

1 Randolph! & H 4l 7 B8, AT TH A LR R I A6 £
0,

“(6,-6,) (

—1/2) Sw—sin(6,

late

e cos6), +usin6?a) —cos6, —using =

2 2
adeye 1
En dbarNac (Sumypadcyc + kypzd . j(;_yj ’ (1 3)

X, Oy RVELALMITHEENS, door WEEMEAR, E,
O 3 LTS B A ROHE 5 U9 R B Nae A BE R 7K 3 R
K Ypadeye M HATTHIHR TR, sum AT & 50590 A Y2 2 Ak
(KL PUBToRENBR L, o NEHENIEE R AL, T oD
%D Bk s R .

RAEZTESDGIE (1) ~ (4, HEWHA T2
1k (M=0), FFHS AR IR SR 2K

2 RESH

FEUAREESE A 4 m, JE4 0.2 m, %E)ELL B/=20,
Pt LALES [T 7 B T MR ESEnT 1A m=1.07, n=4.19,
p=1.1, ¢=4.02 (W3 1), 3 H K5 L L/B=2 (Wang
28D FTLAK S 8 m, ARAAT R 350 kKN Y
LA HEKBUBT SR E sum WA 1 kPa, SREEELE
k=1.25 kPa/m, W] LAAH A HT R BE L A HE K T8y
BRI sy ANSCUAT B FH SUIHTAR YR BE yo R 20.25 m.
1RG£ P e B AR 3 T AR Elkhatib 25U HY (1
Vinax/LBSy=13.21, Hpa/ LB =322, Muar/LB’s,:=2.05 i}
HAFE] . ARSCR BB TCREAR VL 0y e, (F52MT, 1
L en A 2.5 m, eye, FIfER 0, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, JHL FABERISE, WA LIAS 2]
B R AR rh g S G s AN STk kE )
R N=T/As, S5 V)L e (IR FR o

3 HEEHIER
3.1 SHERALIESEIN R 0, O (LR

HEEEIR LA 008 H N 35° ~45° , A Op AE
EHMED T, AR 4 Fih0 (13) A7 sE iR A
HEEEWIA 0, HEHRACWIA 0, BEE AT T, B KT
Bk BTN B 2 O 0,=30° , 40° , 50° , fhil»
Lt ey/e,=0 I, Sl B T h ) N AR il £k
M 2 FRE L, BEER RIS, IR AN EEREU 6,
B, B B BIREIRESIN, 6,500k 35.5°
44.4° , 53.6° , 1@ BLTEEEEE TR AL I 0.

HEEBA0./(°)
3

6 7 8 9 10 11 12
ABIIN,
2 fEsEARER h T L
Fig. 2 Variation of inclinations of plate anchor with tension loads
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Fig. 5 Effects of padeye offsets on embedment loss
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Table 2 Values of 8, and M under peak anchor load

9():30 ° 9():40 ° 9():50 °
eplen o) MI(kN-m) a/C) 0JC) M/(KN-m) al®)  6/°) M/(kN-m) all’)
0 35.54 0.29 54.37 44.35 8.24 45.57 53.59 -13.57 36.46
0.1 35.67 34.57 48.59 44.47 6.23 39.74 53.69 18.39 30.54
0.2 36.27 1218.38 45.09 44.96 1151.56 36.28 54.09 1030.06 26.89
0.3 37.08 2757.28 42.91 45.63 2691.96 34.25 54.66 2587.98 25.02
0.4 38.03 3867.39 40.47 46.41 3775.14 31.88 55.32 3645.22 22.68
0.5 39.10 4542.77 37.60 47.29 4422.10 29.07 56.06 4356.16 20.15
0.6 40.22 4891.46 34.34 48.22 4773.29 25.95 56.83 4685.65 17.08
0.7 41.32 4995.88 30.69 49.14 4929.12 22.61 57.60 4830.48 13.81
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